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PREFACE 

The Farm Technical Manual is a reference book that brings into one place all manner of 
essential technical information required by farmers and others involved in the farming industry. 
The Manual has been designed with the practitioner in mind, providing data gleaned from many 
sources, but presented in non-technical language wherever possible. It also lists useful web-sites 
and books that readers can explore. The Manual does not purport to be exhaustive and it is 
intended to operate as a guide only. 

The editor would like to thank the many authors who have contributed material for incorporation 
in the Manual. 

To use the Manual effectively, readers are advised to first consult the index (at rear) to identify 
the location of the information required. Please note that each of the sixteen sections is paged 
individually, for example, page A-90 refers to the 901hpage of the first section; B-40 refers to the 
40th page of the second section. 

The Manual has been prepared in good faith and is published with the condition that it and its 
owners, authors and editor disavow and exclude any liability in any way for any costs, claims, 
demands or actions arising from its use. In no event shall Lincoln University be liable for any 
direct, indirect, incidental or consequential damages of any kind whatsoever arising from the use 
of the Manual. This disclaimer includes, but is not limited to, all implied warranties of fitness 
for a particular purpose, merchantability or non-infringement. While every effort has been made 
to ensure that the information in this publication is accurate, no responsibility can be taken by 
Lincoln University for any error or omission in these pages, nor for any loss or damage resulting 
from the reliance on, or the use of information or opinions contained in this Manual. Lincoln 
University does not accept any liability for the accuracy, currency, reliability or correctness of 
any information provided by third parties. 

Trade names have been used occasionally for clarity and convenience, but no preferential 
endorsement by the University is intended, nor is any criticism implied of any product that does 
not appear in the Manual. 

Readers are welcome to use excerpts (half a page or less) from the Manual, provided the source 
is acknowledged. 

Any suggestions for the improvement of the Manual would be welcomed. 

For readers' information, Lincoln University's Farm Management Group also produces a 
companion volume -the 'Financial Budget Manual', which is an essential budgeting aid for 
farmers and growers, and is produced ev€ry second year. 

P.H Fleming 
Editor 

August 2003 
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Note: 
Before reading this section, please refer to the 'disclaimer' in the Preface of this Manual. 
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1.1 LIVESTOCK FEED REQUIREMENTS - GENERAL 

1.1.1 Feed Measured as 'Dry Matter' 

Throughout Sections 1. 2 to 1. 7, for the sake of convenience, feed requirements of livestock 
have been expressed in terms of kilograms of dry matter (kg DM- see Note 1. below) rather 
than in megajoules ofmetabolisable energy (MJME- see Note 2. below). 

Important: Section 1.8, 'Nutrition in Practice' (pages A~147 to 173) contains detailed 
information about feed energy values and stock nutrition. See also Section 1.1.2, below. 

Note 1: 'Dry Matter'(DM) is a standardised measure of feed quantity; it is the weight of 
feed after all the moisture has been extracted from it. The Dry Matter contents of various 
feeds can be seen in Section 1. 8.1 0, page A -166; for example, dry stalky rye grass pasture 
has a DM content of 30%, or, put another way, it has a moisture content of70%. 

Note 2: 'Metabolisable Energy' (ME) is the proportion of energy absorbed from the feed 
by the digestive tract and retained for metabolic purposes. The units of ME are 
megajoules (MJ). All feeds can be ranked on their metabolisable energy content as a 
proportion of feed dry matter (MID value, expressed as MJME/kg DM) to indicate their 
value to ruminants. See Section 1. 8.1 0, page A -166; for example, dry stalky rye grass 
pasture has a MID value of 8. 0. 

1.1.2 Farm Conditions 

Pasture Quality 
In the following sections, the assumption is made that stock are grazed on mixed length, leafY, 
good quality pasture, which has a metabolisable energy value of approximately 11.0 MJME 
per kilogram of dry matter. That is, it has an MID value of 11. Hence, if the feed requirement 
for an animal is shown as say, 1.0 kg DM per day, this implies the animal requires 11.0 
MJME per day. If stock are to be fed on higher quality feed, such as short, leafy, spring 
pasture with an MID value of 12 (see Section 1.8.10, page A-166), they will require less feed 
than that shown (11 ~0 + 12 x 100 = 92 %; that is 8% less DM required). If, however, the feed 
is oflower quality, such as summer pasture with an MID value of 10.3, the stock will require 
more feed than shown (11.0 + 10.3 x 100 = 107 %; that is 7 %more DM required). See 
Section 1. 8. 

Hills, Walking, etc. 
The assumption is also made that in estimating normal energy (feed) requirements for 
grazing, walking, etc., stock are grazed on 'good' hill country (apart from dairy stock- see 
below). Therefore, feed requirements will be more than those shown, if the stock are run in 
difficult or very difficult conditions. For example, if stock are grazed on harder hill country, 
or if pasture is sparse and water is some distance away, or if climatic conditions are harsh then 
10 - 20 % more feed may be required. 

On the other hand, if stock are farmed in very favourable conditions, 10 % to 15 % less 
feed may be required (for example, on flat land, and I or where pasture is plentiful and stock 
can obtain their feed requirements with only a few hours grazing per day). Note that it is 
assumed dairy cattle are only run on easier terrain; no adjustment is required in their case. 
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1.1.3 Pasture Rationing 
(Note: See also Sections 1.8.5.2 and 3.10) 

Many pastoral farmers control animal intake by formally 'budgeting' their feed to animals. 
This involves knowing the animal requirements, and knowing the pasture conditions to meet 
this demand. The following pasture terms are commonly used: 
Pre-Grazing Pasture Mass 
This is the total amount of dry matter per hectare prior to grazing. It is expressed in kg DM 
per hectare (kg DM/ha). Generally, at constant stocking rate as pre-grazing pasture mass 
increases, DM intake of animals increases. See Section 1.8.5.2, page A-156). 
Post-Grazing Pasture Mass 
(Often called 'Residual Dry Matter'). This is the total dry matter per hectare left after grazing. 
Units are again kg DM per hectare (kg DM!ha). Residual dry matter is a very useful measure 
in its own right to predict intakes of animals. As residual DM increases, animal intake 
mcreases. 
Pasture Allowance 
This is the total amount of pasture (kg DM) allocated per animal each day. Its units are 
kg DM/animal/day. Generally, as allowance increases, intakes of animals increase. However, 
used by itself, allowance does not fully describe grazing conditions. For allowance to be 
meaningful, it is often used in conjunction with pre-grazing herbage mass. At a higher pre~ 
grazing pasture mass, it is easier for animals to harvest pasture and, therefore, over a certain 
time intake will be higher (see Section 1.8.5.2, page A-156). 
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1.2 SHEEP MANAGEMENT AND FEEDING 
(Contributed by R. Reynish, www.seaviewpacific.co.nz) 

1.2.1 Breeding Ewe Management and Feeding 

1:2.1.1 Seasonal Pasture Needs of Ewes 
The feed requirements of ewes varies during the year. For most of the time they get by on 
'maintenance feeding' (enough to hold body weight), but their needs increase at mating, late 
pregnancy, and lamb suckling times. The minimum pasture lengths needed for ewes to meet 
these variable feed requirements are indicated in Table 1.1 (based on 'improved' pastures 
with a M/D value of 11- see Section 1.1.2, page A-3). 

Table 1.1: Pasture Lengths (under set-stocking) and Feed Quantities for Ewes 
(Adapted from: "A Guide to Improved Lambing Percentage" 

-see Section 1.2.9). 

Ewes 
Minimum 

Minimum Pasture Feed Intake Production 50. 60 kg 
Length* Pasture Mass 

(kg DM/day) Level 120% Lambing (em) (kg DM/ha) 

Mid pregnancy 1 - 2 600- 800 1.0 Maintenance 

6 weeks pre-lamb 2-3 800- 1100 1.3 60-80g/d** 

Ewes and lambs 4-5 1500- 1700 2.5 - 3.0 180g/d** 
(4 wks post-lamb) (lambs) 

Summer 1 - 2 900- 1300 1.0 Maintenance 

Mating 3 1400-1500 1.4 100 g/d ** 

*Note that the length I DM relationship of pastures varies with the season. 
**Grams ofliveweight gain per day. 

1.2.1.2 Weaning to Mating 

Ewe Feed Requirements 
After weaning, ewes should gain weight to prepare for mating and to grow maximum wool 
over summer. For example, if ewes weigh 56 kg at weaning (at the middle of December), and 
are to reach 60 kg by mating on the first of April, they must gain weight at about 40 grams per 
day over this period. If ewe weights need to be 60 kg before a dry period (at say, the middle 
of January), they will have to gain weight very rapidly after weaning- about 130 g per day. 
For this to occur, ewes must eat about 1.7 times maintenance (this is about 40% more than a 
ewe gaining 40 g per day- see Table 1.2, over page. The figures in the table are based on 
pastures having a M/D value of 11 ). Farmers in summer dry areas must plan for this 
requirement. 
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Table 1.2: Feed Requirements for Liveweight Gain in Mature Dry Ewes 
(kg dry matter per day) 
(Adapted from: "AgFact" 150 and 183- see Section 1.2.9) 

Liveweight Gain Liveweight (kg) 

(g/day) 40 45 50 55 

0 0.8 0.8 0.9 1.0 
50 1.0 1.1 1.2 1.3 
100 1.2 1.4 1.5 1.5 
150 1.5 1.6 1.8 1.9 

Feed Quality 

60 

1.0 
1.3 
1.6 
2.0 

The quality of pasture offered should be good if liveweight gains are to be achieved. Poor 
quality pasture will usually enable the ewe to only maintain her weight, and even this is only 
possible if the quantity of feed is increased (see Table 1.3). 

Table 1.3: Maintenance* Feed Requirements of Grazing Adult Sheep 
(kg dry matter per day) 
(Source: "A Guide to Improved Lambing Percentage"- see Section 1.2.9) 

Pasture Quality 

Sheep Poor Average Good 
Liveweight (25+% dead matter) (green-leafy) (clover dominant) 

(kg) 8MJME/kgDM 10 MJME/kg DM 12 MJME/kg DM 

40 1.1 0.9 0.7 
50 1.3 1.0 0.8 
60 1.5 1.2 0.9 
70 1.7 1.3 1.0 

* 'Maintenance' implies that animals are neither losing, nor gaining, liveweight. 

Ewe Body Condition Score and Liveweight 
Weighing is a good tool for assessing weight change in ewes from weaning to mating, although 
condition scoring can be useful for frequent checks on progress over summer, as it is quicker 
than yarding and weighing. 

Ewes need to eat 0.9 to 1.2 kg of dry matter per day (Table 1.2) to hold condition score of 
2.5 to 3.5 during the summerperiod. For more detail about condition scoring- see Sections 
1.2.1.6 and 1.2.4.2, page A-10 and A-15. 

Ewes need to be in good body weight and condition (CS 3) for high ovulation rates at 
mating. If, however, ewes do not reach suitable pre-mating weight over summer, 'flushing' 
becomes extremely important in achieving good ovulation rates and high lambing percentage 
next season. ('Flushing' refers to the good feeding of ewes from three weeks prior to mating 
through until at least three weeks after the start of mating. Ideally ewes will gain weight 
through this period). 

Responses to flushing appear greater in thin ewes than in fat ewes. Deliberately reducing 
ewe weights over summer before flushing is, however, not recommended. It should be noted 
that ewes in good condition either at pre-flushing or at mating have lower barrenness than ewes 
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in poor condition. 
It is more efficient to hold ewe liveweight and condition score between weaning and 

mating than to allow them to lose weight, as it takes a lot of extra feed to regain weight. For 
example, it takes approximately 6 kilograms of pasture dry matter to gain one kilogram of 
liveweight, yet if one kilogram is lost, it only 'spares' the equivalent of 1.5 kg DM. 

1.2.1.3 Mating and Early Pregnancy 
Ewe liveweight and liveweight gain at mating have large effects on ovulation rate and 
lambing percentage. It is important that ewes not only reach good weight before mating starts, 
but also that they increase in liveweight during the early mating period. 

Avoid shearing from two weeks before until two weeks after mating. In fact, it is 
important to minimise any stress, such as yarding, shearing, or sudden feed changes, during 
mating and early pregnancy to avoid upsetting oestrus and to maximise embryo survival. 

Liveweight Effects on Ovulation 
Ewe liveweight has two distinctive effects on ovulation rates and subsequent lambing 
percentage: 

The Static (Liveweight) Effect: Heavy ewes have higher ovulation rates than light ewes. 
Rule of Thumb - each extra kilo of liveweight adds two percentage points to the lambing 
percentage. 
The Dynamic (Liveweight) Effect: Ewes gaining weight rapidly (0.5 to 1 kg per week) just 
before mating have higher ovulation rates than similar ewes with low or no weight gain. 
Rule of Thumb - lambing increases by three percentage points for each kilo of flushing 
gain. 

Add the two effects together to work out the benefit of better ewe feeding at mating. 
Continued high ewe liveweight and condition score during mating means good ovulation rate 
and potential lamb drop. 

Feed Requirements for Flushing 
The most important period is three weeks before mating and the first week or two of mating, 
when ewes should be gaining about 100 grams per day. Ideal pastures are 8 - 10 em long 
(containing 2800 - 3100 kg of dry matter per hectare) before grazing off, with the ewes 
moving to fresh pasture after grazing down to about 4 em (1700 kg DM/ha). If rotational 
grazing is not possible, with set-stocking the ewes should not graze below 3 em (1400- 1500 
kg D.M/ha). Adjust the stocking rate to achieve this. 

High quality feed is essential. Pastures must be green and leafY (preferably 70 % + green 
leaf) for rapid weight gain. If there is more than about 40 % dead material in the pasture ewes 
cannot gain weight no matter how much feed you offer. 

After about two weeks of mating, feeding levels can be reduced so the ewes maintain 
weight. 
Feeds to Avoid: Some feeds depress ovulation rate. Red clover, subterranean clover, and lucerne 
are all high quality feeds, but they contain phyto-oestrogens that can decrease ovulation rates by 
as much as 30 %. Given those risks of infertility, it is best to avoid oestrogenic pastures for all 
breeding females around mating if possible. 

Some feeds cannot provide enough energy for suitable liveweight gains. 

Ewe : Ram Ratios 
See Sections 1.2.2 and 1.2.6, page A-12 and A-26. 

Effects of Shearing 
Shearing near mating time must be carefully planned. Ewes shorn before mating may lose 
weight if feed is short, reducing ovulation. Ewes shorn soon after mating must have plenty of 
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feed and shelter, because stress within about four weeks of conception can kill embryos. 
Feed demand may rise 10 - 30 %for three to four weeks after shearing. Unless the 

weather is cold, extra feed is necessary only in the first week. 

1.2.1.4 Winter Feeding of Ewes 
Winter feeding has only small effects on ewe performance (provided they start winter in good 
condition), but important effects on feed supply at lambing and early lactation. Although it is 
not desirable for ewes carrying multiple lambs to lose weight over winter, it is possible for 
those already in good condition to lose a little without depressing lactation, lamb growth or 
wool production. 

Maintaining condition helps avoid health problems like pregnancy toxaemia and milk 
fever. Holding condition through pregnancy means ewes appear to gain eight to ten kilograms 
(the foetus and fluids) from mating to lambing (see Figure 1.1, page A-ll). As mentioned 
above, it is possible for ewes in good condition at mating to lose some body-weight over 
winter (up to 6 %). Such a loss means ewes still appear to gain four to six kilograms from 
autumn to lambing. In practice, good condition mixed-age ewes can graze down to 1 - 2 em 
(about 600- 800 kilograms of dry matter per hectare) during early I mid winter. Obviously 
poor-condition ewes should, however, be separated from the main mob if possible, and not 
grazed below about 2 em. 

On the other hand, weight gain requires much extra feed. For example, to gain 50 grams 
per day, 30% more feed is required (see Table 1.2, page A-6). Because light ewes in autumn 
seldom gain weight before lambing, it is important to ensure that any required weight gain 
takes place during summer and early autumn. 

Pregnancy Scanning for Better Feed Management 
Ultra-sonic pregnancy scanning allows dty ewes to be sold early, and the separation of ewes 
carrying single and multiple lambs, so they can be fed accordingly. This is referred to in 
Section 1.2.3.2, page A-12. 

Feeding in Late Pregnancy 
Ewe feed requirements increase in the last four to six weeks of pregnancy. Growth ofthe 
foetal lamb places extra requirements on the ewe (see Table 1. 4). 

Tabie 1.4: Extra Feed (dry matter, in addition to maintenance) Required per day by Ewes to 
achieve a 4.0 kg Lamb Birth-weight · 
(Adapted from: "A Guide to Improved Lambing Percentage" 

-see Section 1.2.9) 

Weeks before term 6 2 Term 

Extra Feed (kg DM) for single lamb 0.2 0.4 0.5 
Extra Feed (kg DM) for twin lambs 0.3 0.6 0.9 

For larger litters, add a further 75% of the single lamb value for each extra lamb. 

These increased requirements mean 0.2- 0.5 kg of dry matter more for ewes with singles and 
0.3- 0.9 kg of dry matter more for twins during the last 40 days of pregnancy. 

If feed requirements are not met, the ewe's body reserves are used to provide energy for 
foetal lambs. 

Supplementary feed may be necessary to meet ewe feed requirements in late pregnancy. 
Ideal supplements are high quality and high dry matter (grains and sheep nuts) so intake is not 

A- 8 



limited by feed bulk. Low energy, high bulk feeds (straw or hay) are not suitable. 

1.2.1.5 Spring Feeding of Lactating Ewes 

When to Set-stock for Lambing 
Many farmers do not set-stock until lambing starts. Set-stocking should not be done too early, 
otherwise the ewes will reduce pasture mass before lambing if spring growth is not increasing. 

Pastures that are too short have insufficient leaf to maximise pasture growth and are slow 
to begin spring growth. If20% bare ground is visible at lambing (pasture about l - 1.5 em in 
length), pasture will grow at only 70 % of its spring potential. 

Spring feeding affects ewe and lamb weight gains through to weaning. Lactating ewes are 
usually top priority in the spring. 

Recommended Feeding Levels 
During early lactation, pasture cover should be at least 1500 kilograms of dry matter per 
hectare ( 4- 5 em in length) under set-stocking. Table 1. 5 shows the feed requirements of 
ewes, assuming good quality pasture with an MID value of 11. 

Table 1.5: Feed Requirements for Lactating Ewes (kg dry matter per day) 
(Adapted from: "A Guide to Improved Lambing Percentage" 

- see Section 1. 2. 9) 

Single-suckling Twin-suckling 

Weeks after Lambing Weeks after Lambing 
1 3 6 9 1 3 6 

Liveweight 
50 kg 2.2 2.6 2.2 1.9 2.6 2.9 2.6 
60 kg 2.4 2.7 2.4 2.0 2.7 3.1 2.7 
70 kg 2.5 2.9 2.5 2.2 2.9 3.3 2.9 

Lamb pasture 
requirement 0.3 0.5 0.8 0.2 0.4 
(per lamb) 

Ewe Milk Production 

9 

2.0 
2.2 
2.4 

0.7 

Lamb survival and growth to weaning are heavily dependent on ewe milk production. The 
onset oflactation (and colostrum production) is affected by ewe nutrition in late pregnancy, 
while feeding during lactation influences total milk production. 

Ewes reach peak milk production two to three weeks after lambing. Milking gradually 
declines after eight to ten weeks as lambs eat more pasture. Ewes mobilise body fat to buffer 
feed shortages and maintain milk production in the first three to five weeks of lactation. Feed 
restrictions affect ewe weight at weaning more directly than lamb weight. Under-feeding ewes 
in lactation has potential to seriously depress next year's lambing percentage if ewes do not 
regain enough weight before mating. 

Lambs of well-fed ewes grow faster than those on less feed, as shown in Table 1.6, over 
page (see also Section 1.1.3, page A-4, for definition of 'Pasture Allowance'). 
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Table 1.6: Impact of Pasture Allowance on Lamb Performance during Lactation 
(Source: "AgFact" 187- see Section 1.2.9) 

Pasture Allowance Lamb liveweight gains (grams per day) 

(kg DM!ewe/day) Single Twin 

2 170 120 
4 220 175 
6 250 210 
8 260 220 

Ewes with twins produce 30- 50% more milk than those with singles, but as this is shared 
between two lambs, each lamb receives only two thirds as much as a single lamb. To make up 
for this lower milk production, twin lambs are forced to start eating pasture at an earlier age 
than singles. Regardless of the nutritional level, ewes rearing multiples produce more milk 
than similarly fed ewes with singles. Therefore ensuring good ewe nutrition to aid milk 
production is critical, particularly in early lactation. The easiest time to achieve high lamb 
growth is between birth and weaning (Kerr, 2000). 

1.2.1. 6 Ewe Body Condition Score and Liveweight 

Figure 1.1 (over page) provides suggested levels of condition score and liveweight for a ewe, 
over a twelve month period. Further information on this topic is covered in Section I. 2. 4, 
page A-14. 
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Figure 1.1: 

4 

Ewe Body Condition Score and Liveweight 
(Source: "A Guide to Feed Planning for Sheep Farmers"- see Section 1.2.9) 
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1.2.2 Ram Management 

Rams commonly lose considerable weight over mating especially at high ewe-ram ratios and 
if feed is limited. Rams may also lose up to 20 % oftheir testicular volume during mating 
(Hannon and Thwaites, 1994), since sperm output per unit weight of testes is relatively 
constant and tends to decline over mating. Changes in testicular volume occur faster than 
changes in liveweight and body condition. 

High quality feed supplements for rams before mating can be used if high quality pasture 
is limited - supplements can also improve testicular volume. Peas or other high quality protein 
supplements are suitable. Supplementary feeding of rams is uncommon in New Zealand but 
may be worthwhile, especially with high ewe-ram ratios. 

Ewe-Ram Ratios 
Most farmers put at least 100 ewes per ram, to obtain maximum use of the genetic quality of 
each ram. Choose appropriate ratios according to ewe and ram age, e.g., 150 for older ewes 
and less then 100 for ewe hoggets (see Section 1.2.6). Do not mate ewe hoggets in the same 
mob as older ewes. 

As the number of ewes per ram increases, the total number of mounts and services per ram 
increases, but the number of services per ewe declines. However, at a ratio of around 200 per 
ram the proportion of ewes (mixed age) mated in each cycle is unchanged, so long as the rams 
are in good condition and have good teste size. Rams have been observed to mate more than 
300 ewes in a cycle when used at ratios of210 ewes per ram. 

As the number of services and mounts per ewe falls, flock fertility may decline. Losses of 
fertilised eggs appear to be higher in ewes served once compared with those served twice or 
more. These effects are unlikely to be important in typical flocks mated at 100 - 150 to 1, but 
could be limiting with very high ewe ratios, e.g., 400 to 1. However, high ratios for at least 
one cycle of mating remains a good way of obtaining value from expensive rams (without 
using artificial insemination). 

Ram fighting increases considerably at less than 30 ewes per ram. At more than 100 ewes 
per ram, ewes may compete for rams with jostling and pushing, which disrupts services 
(Geenty, 1997). 

1.2.3 Improving Lambing Percentage 

1.2.3.1 Introduction 
Increasing lambing percentage offers one of the greatest opportunities for improving sheep 
farm profitability. Improved sheep genetics, the availability of practical cross-breeding 
options, the use of"Temprovax®", improved forage supply resulting from better soil fertility 
and grazing management, and the widespread availability of pregnancy scanning make 
increased lambing percentage an achievable option for many sheep farmers. 

High ovulation and conception rates are only part of the process in achieving high 
lambing percentages. Many farms have the potential to increase reproductive performance by 
reducing lamb mortality, especially at birth. 

1.2.3.2 Pregnancy Scanning 
The widespread use of pregnancy scanning by ultra-sound in New Zealand sheep flocks has 
provided a lot of information on lambing potential in flocks and lamb losses between 
scanning and tailing (four to five weeks after lambing.) 
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Ultra-sound scanning takes place between days 60 - 90 of pregnancy, in order to identify 
barren ewes, and those bearing single or multiple lambs. 

As the proportion of singles decreases and twins increase, the proportion of triplets also 
increases. At a scanning percent of 130, about one percent of ewes will have triplets. At a 
scanning percent of 180, sixteen percent of ewes will have triplets. 

Information from four farm-monitoring schemes in New Zealand is summarised as 
follows: (Source: "A Guide to Improved Lambing Percentage"- see Section 1.2.9) 

Tailing percentages increased between monitored farms by 5.6 to 7.8% for each 10% 
increase in scanning percentage. 
Lamb losses between scanning and tailing averaged 20% for crossbreds (at scanning 
levels of between 120- 180 %). 
Average lamb losses for Merinos were 26% (at scanning levels between 90- 150 %). 

Using scanning results: 

1.2.3.3 

Scanning helps to separate single and multiple bearing ewes and allow feeding levels 
to be appropriate to control the size of the lamb at birth. 
Scanning allows preferential feeding of ewes with multiples during late pregnancy and 
lactation, which helps ewes wean a heavier weight of lamb. Ewe liveweight at 
weaning can also be improved, thus increasing the chance of the ewe having multiple 
lambs next season. 
Aim for lamb birth-weights of four to five kilos. This usually will mean improving the 
birth-weight of multiples and controlling the birth-weight of singles. 
Scanning also allows the removal of dries, the identification of the magnitude of lamb 
losses from scanning to docking, and the establishment of a flock's genetic potential. 

Lamb Survival 
Research has shown that about 40 % of potential lambs are lost between mating and docking. 
About 20 - 25 %of embryos are lost in the first 30 days of pregnancy and another 15 - 20 % 
disappear between pregnancy scanning and docking. 
Table 1. 7 shows that the main cause of death in singles is dystocia, especially in large lambs, 
while twins are at risk of starvation I exposure. Infections are relatively unimportant around 
birth but vaccination for clostridial diseases remains important (see Section 2.4.1.2). 

Table 1. 7: Causes of Death in Single and Twin-born Lambs 
(as a percentage of total deaths) 

Cause Singles Twins 

Prenatal death * 8 14 
Dystocia 45 15 
Starvation-exposure 15 43 
Infections 11 11 
Abnormal lambs 1 1 
Misadventure 3 4 
Unknown 17 12 

All Lambs 

10 
32 
27 
11 
1 
4 
15 

*Note: Prenatal death = lambs dead before birth, abortions, not including early 
embryonic losses. 

Most lamb deaths occur in the first three days of life. Note that management to reduce 
dystocia, starvation, exposure and infections can influence some 70 % of lamb deaths. 

Lambs born as multiples have lower survival rates than singles. Approximate values for 
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losses in singles, twins and triplets are 10, 20 and 30 %, although on-farm factors strongly 
influence actual levels in any particular situation. 

Lamb survival is greatest when vigorous lambs are born, which stand and suckle soort 
after birth. Lamb birth-weight explains much of the variation in survival. Multiple-born lambs 
are, on average, lighter than singles. Optimum birth-weight is in the range of 4 - 5 kilos. 
Weights below these predispose lambs to death from starvation I exposure, and above these 
lead to increased problems with dystocia. 

Under normal farming conditions, ewe nutrition has a relatively small influence on lamb 
birth-weight, although severe under-feeding can have an effect. Within a flock, heavier ewes 
at mating tend to have heavier lambs. There is some evidence that shearing at around 70 days 
of pregnancy can increase twin lamb birth-weights. 

Ewes /lamb bonding is likely to be weaker with multiple born lambs. The ewe needs to 
have minimal disturbance over the first 4 - 12 hours after lambing while bonding occurs. 
Steeply sloping paddocks can result in multiple lambs becoming separated, often leading to 
poor ewe-lamb bonding. Pasture cover at lambing appears to influence lamb survival. Ewes 
that are severely under-fed at lambing may move from the birth site before bonding has 
occurred. Under-fed ewes may produce weak lambs especially when sub-clinical sleepy 
sickness occurs. The prevailing weather at lambing can obviously have dramatic effects on 
the survival of multiples, however the apparent effects of cold, wet nights can be deceptive. 
Some high death rates at such times may merely be hastening of deaths induced by starvation 
I exposure that were in the process of occurring anyway. 

1.2.3.4 Management of Ewes Producing Multiple Lambs 
Forward planning is the key to successful management of multiple-bearing ewes. 
As the proportion of multiple-bearing ewes increases, the following management policies 
need to be considered: 

1.2.4 

Shift the lambing date to coincide better with the onset of spring growth. 
Provide shelter at lambing, as this has the potential to enhance survival of multiples. 
Carry fewer ewes through the winter, to improve feeding levels. 
Carry feed forward from early pregnancy to late pregnancy and lactation, through 
strict rationing in early and mid-pregnancy. 
Provide more feed through increased soil fertility, application of nitrogenous 
fertilisers, or growing crops. 
The ability to separate singles from multiples by scanning gives the opportunity to 
provide differential treatment during late pregnancy and lactation. Multiple bearing 
ewes can be set-stocked at lower rates (60- 70 %) in recognition of their higher feed 
requirements through lactation. 

Monitoring Sheep Weights and Body Condition 

Regular monitoring of animal performance helps to identify changes as they happen and make 
early management changes. Monitoring can highlight weak points in the farming system so 
that improvements can be made. 

1.2.4.1 Weighing 
Weighing at critical times forms the basis of animal performance monitoring. The liveweights 
of all classes of stock should be monitored, including breeding ewes, lamb and replacement 
hoggets. Regular weighing can reveal: 
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How fast animals are growing. 
Whether target rates are achievable and can be raised or should be lowered. 
How liveweight gains compare for mobs on different pastures or feeds. 
Expected numbers, weights and timing of next draft and also possible animal health 
problems. 

Key times to record include: 
Ewes- at mating I pre-lamb I weaning along with condition scoring. 
Hoggets - first week of May I August and then again at mating. 
Lambs- weaning weight and monthly weighing of target mob to monitor growth rates 
to slaughter. 

Consistent methods of weighing are essential. The most common error in weighing is 
variation in gut-fill. Liveweights must be recorded at a consistent time off-grass, to make gut
fill comparable at each weighing. 

It can be helpful to mark the animals that are weighed, to compare the same ones over 
time. This is particularly important for the measurement of liveweight gains. 
There are several ways to monitor weights of works lambs: 

Raddle and weigh 30 in each mob oflambs, and re-weigh the same mob each time. If 
some of these lambs go to the works, weigh and mark more lambs to bring the number 
back to at least 30. 
Tag 100 lambs at weaning (across all weight ranges) and weigh each time they come 
in. Recalculate the average as lambs are drafted. It is important to weigh all mobs of 
lambs on the same day. 
Weigh a random sample of the mob. Next time the mob comes in, re-weigh another 
random sample and calculate growth. When lambs are drafted, re-weigh another 
sample to calculate and record the new average to use next time. It is important to 
weigh at least 10% of the mob. 

1.2.4.2 Body Condition Scoring 
Body Condition Scoring (BCS) is an essential monitoring tool when used in conjunction with 
weighing mature sheep (2-tooths and older) because it takes into account differences in frame 
size. For example, a 55 kg liveweight, small framed ewe may have a condition score of 4. A 
large frame ewe of the same weight might have a condition score of only 2. As a rule, for a 
given sheep there will be about a 5 kg difference in liveweight between condition scores. The 
best times to do it are at scanning and weaning (see Figure 1.1, page A-ll). 

Score 0 
Condition Scores 0, 1 and 2 indicate under-feeding and low production. Score 0 is seldom 
used, as it only applies to ewes that are extremely emaciated anci on the point of death. 
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Score I 
Poor condition. The vertical spines are prominent and sharp. The loin muscle is thin with no 
fat cover. GR is 0 - 5 mm. 

Spine prominent and sharp 

Score 2 

Horizontal process 
sharp 

Fingers easily 
pass under 

Vertical spine is prominent but smooth. The loin muscle is of moderate depth but with little 
fat coverage. GR is 5 - 8 mm. 

Spine prominent and smooth 

Score 3 

Muscles medium 
depth 

Horizontal process 
rounded 

Fingers go under 
with pressure 

Condition Scores 3 and 4 indicate good feeding and high production. 
With Score 3, the bones of the spine can be felt only by pressing firmly and feel smooth and 
well covered. The loin muscle is full and round and there is a moderate depth of fat cover. GR 
measurement is 9 - 15 mm. 

Spine smooth, rounded 
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Moderate fat cover 

Muscles full 

Horizontal process 
smooth, rounded 

Fingers need hard 
pressure to 
find ends 



Score 4 
Bones of the spine are difficult to detect, but with pressure they feel like a hard line between 
the fat-covered muscle areas. The ends of the horizontal processes cannot be felt. The loin 
muscles are full and thickly covered by fat. GR is 15 - 20 mm. 

Spine only detected as a line 

Score 5 

Muscles full 

Horizontal 
process 
cannot be felt 

Condition Score 5 indicates the animal is over-fed and over-fat. 
Bones of the spine are undetectable even with firm pressure and there is a depression between 
the layers of fat where the spinal column would normally be felt. The loin muscles are very 
full with a very thick fat cover (GR of over 20 mm). There are often accompanying heavy 
deposits of fat in the rump area. 

1.2.5 

Spine not detectable, fat dimpled over spine 

Fat cover thick 

Muscles very full 

- Horizontal process 
not detectable 

Lamb Management and Feeding 

1.2.5.1 Weaning Date 
A lamb gradually changes from a mono-gastric to ruminant stomach over its first three to five 
weeks of life. The length of time required to achieve this varies on the milk supplied by the 
ewe as well as the quality of the feed on offer. 
As a lamb ages it moves into competition with its ewe for available pasture. 

Ideally, lambs should be left with their mothers until they are around 25 - 30 kg or more. 
Usually it is relatively easy to achieve this, since there is plenty of pasture after the spring 
flush, although quality tends to decline. 

In poor seasons, however, a feed shortage may develop so the weaning date may need to 
be brought earlier- see Figure 1.2, over page. 
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Figure 1.2: 
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Profile of Feed Supply and Demand for Lambs (showing suggested weaning age in good and bad seasons) 
(Source: "A Guide to Feed Planning for Sheep Farmers"- see Section 1.2.9) 
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1.2.5.2 Lamb Growth and Feed Requirements 

Advantages of Rapid Growth 
The average daily growth rate oflambs in New Zealand is probably around 150 grams per 
day. It has been demonstrated that gains of 400+ grams per day are possible, giving the 
following advantages: 

A lamb born on 1 September at 4.5 kg liveweight, growing at 400 grams per day, 
reaches 37 kg of liveweight (16.6 kg carcass weight) on 20 November (81 days). 
Most lambs can be sold off-mother. 
Lamb dressing-out percentages (carcass weight to liveweight, that is) are higher. 
Lambs are subject to less parasite challenge. 
A greater proportion oflambs catch the early premiums of the chilled trade markets 
offered by the export processing companies. 
Considerable feed otherwise eaten by lambs is freed up for other stock. 

Another great advantage of growing lambs fast is that less overall feed is required to achieve 
an acceptable weight- see Table 1.8. 

Table 1.8: Feed Consumed for Different Lamb Growth Rates after Weaning 
(Adapted from: "A Guide to Improved Lamb Growth"- see Section 1.2.9). 

Lamb growth rate (g/day) from 24 to 34 kg lw 

100 200 300 400 

Feed requirement (kg DM/day) 1.2 1.5 1.9 2.4 

Days to target weight (34 kg) 100 50 33 25 

Total feed consumed (kg DM) 120 75 63 60 
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Feed Quality Requirements of Lambs 
Much of a lamb's ability to grow rapidly is determined by the energy level of its feed. 
Figure 1.3, below, demonstrates the importance of the energy levels offeed (megajoules of 
metabolisable energy- MJME). See also Section 1.8. 

Figure 1.3: Liveweight Gain of a 30 kg Lamb and the Energy Content of the Diet 
(Source: "A Guide to Improved Lamb Growth"- see Section 1.2.9) 
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Pasture Feeding Levels for Young Stock 
Table 1. 9 provides guidelines for the levels of feeding ofreplacements on good quality 
pasture with an M/D value of 11 (see Section 1.1.2, page A-3). 

Table 1.9: Pasture Lengths (under set-stocking) and Feed Quantities for Young 
Replacement Stock 
(Adapted from: "A Guide to Improved Lambing Percentage" 

-see Section 1.2.9) 

Ewe Lambs (from Minimum Minimum Feed 
weaning)- Pasture Pasture Intake 
Hoggets- 2T Length* Mass (kg DM/day) 

(em) (kg DM/ha) 

November (22 kg) 3 - 4 1300- 1800 0.9 
January (28 kg) 2-3 1300- 1700 1.3 
March (34 kg) 2-3 1200- 1500 1.4 
July (43 kg) 3 - 4 1100- 1500 1.9 
November (57 kg) 2-3 1300- 1700 1.4 

*Note that the length/DM relationship of pastures varies with the season. 

Lamb 
Growth 

Rate 
(g/day) 

100 
100 
80 
120 
80 

Understanding the importance of pasture quality and quantity is the key to growing lambs 
rapidly. Maximising lamb growth requires managing a matrix of factors and skills. 

Note: This section is only a brief introduction. For further detail refer to "A Guide to 
Improved Lamb Growth"- see Section 1.2.9. 
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Calculation of Seasonal Lamb Growth Rates 
(Source: "A Guide to Improved Lamb Growth"- see Section 1.2.9, page A-34). 

A chart can be constructed, recording the slaughter date, days from weaning, and the number 
oflambs killed for each draft. The number of 'lamb days' can then be calculated (Table 
1.10). 

Table 1.10: Lamb Growth Calculation- example 

Slaughter Date 
Days from 

X Number killed = Lamb days 
Weaning 

30 Dec 10 X 85 = 850 
20 Jan 31 X 150 = 4 650 
6 Feb 48 X 200 = 9 600 

27 Feb 69 X 150 = 10 350 
20 March 89 X 285 = 25 365 
14 April 114 X 355 = 40 470 
30 April 130 X 360 = 46 800 

15 May 145 X 255 = 36 975 

Total A 1840 B 175 060 

To calculate the average time from weaning to slaughter, divide total 'A' into total 'B', as 
follows: 

Total lamb Days (B) = 95.14 (C) average days (weaning to slaughter) 
Number Killed (A) 

To calculate average growth rate (grams per day): 

Average liveweight at slaughter 35.75 kg Average Liveweight at Slaughter 

Less average weaning weight 
Divide by figure (C) 

21.50 kg 
95.14 

X 1 000 
Average growth rate 149.8 g/day 

If the seasonal lamb growth rate is: 

-+ Total kg lamb c.w. 
(from killing sheets) 

+Total number oflambs 
= Average carcass weight 

40 %yield x 2.5 

26 312 kg 

1 840 
14.3 

= Av. liveweight at slaughter 35.75 

Below 100 grams per day -poor growth - considerable improvement possible. 
100 - 150 grams per day- average growth - plenty of improvement possible. 
150-200 grams per day- above average growth- still room for improvement. 
200- 350 grams per day- very good. 
Above 400 grams per day - exceptional. 
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1.2.5.3 Wether, Ram or Cryptochid Lambs? 

'Entire' ram lambs grow faster and have less fat than wethers or ewes. Ram hoggets with no 
more than four or five teeth may be sold for local consumption or export, and the meat from 
rams with four teeth or more is usually used for manufacturing purposes. Because ram lambs 
and cryptorchid lambs grow faster and are leaner than wethers and the meat is of acceptable 
quality, a higher proportion of early season lambs fall into these categories. No more flavours 
or cooking odours have been associated by taste panels with cooked meat from such carcasses 
and no overseas complaints about the meat have been received. 

Farmers have the option of growing lambs as entire males, cryptorchid (with testes forced 
back into the pelvic cavity and held there by a rubber ring over the scrotum) or as wethers 
resulting from removal of the testes surgically by a rubber ring placed between the body and 
testes over the scrotum. 

Cryptorchids grow almost as fast as entire male lambs because they retain their 
testosterone producing ability, however the operation (when carried out properly) stops sperm 
production, making management on the farm easier. 
A recent Massey University trial showed that cryptorchid lambs grew as fast as the rams, and 
had a lower GR measurement: 

Table 1.11: Carcass Features of Male Lambs 

Lamb Carcass GR Dressing-out 
Liveweight Weight Measurement Percentage 

(kg) (kg) (mm) (%) 
Cryptorchid 32 13.5 3.29 41.7 
Rams 32 13.6 4.61 42.6 
Wethers 32 13.6 6.20 43.6 

This trial showed there was no significant difference in carcass weight or dressing percentage 
between the lambs of the same weight, although there were more rams than cryptorchids in 
the heavier 'P' grades. The testes of the cryptorchids had extremely low sperm counts. The 
main management 'bug-bear' for farmers is having fertile male lambs in the autumn
cryptorchids appear to reduce that risk. 
The trial showed that cryptorchids had management advantages over ram lambs, both on the 
farm and at the works: 

Cryptorchid lambs were easier to handle and fought less in the yards. 
Cryptorchid lambs were easier to shear and crutch. 
The genitalia of ram lambs was often dirty. Cryptorchids avoided this hygiene 
problem, with reduced risk of contamination and penalty payments for processing. 

Killing Charges 
It has not been substantiated whether any lamb slaughter plants are still charging farmers 
additional slaughter fees for the slaughter and processing of entire ram lambs. There does not 
appear to be any extra charges up until March I April. After this time there are incentive 
payments for farmers to present entire males with the scrotum, belly and crutch wool all 
removed immediately prior to killing. 
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1.2.5.4 Lamb Drafting Strategy 

Profit can be lost through poor drafting strategies. It is important to understand the schedule, 
make the most lamb value from the available feed, and consider the feed requirements of 
other classes of stock. For example, lambs kept in the autumn to achieve higher weights will 
reduce the feed available for replacement stock. Aiming for highest value for all lambs may 
not be the best use of feed. Heavier lambs may be devalued if some go over-fat. It is 
important to study the schedule early in the season and plan a likely strategy. The strategy 
may need to change if I when the schedule changes through the season. Check price penalties 
for very light or very heavy lambs, and for fat grades. 

Avoiding Fat Lambs 
GR is the measurement of tissue between the carcass surface and the rib bone, 11 em down 
from the mid-line over the twelfth rib. Lambs in the 'Trimmer' (GR of 12.5 mm) and 'Fat' 
(GR of over 50 mm) categories are usually penalised compared with the intermediate lambs 
of comparable weights. 

Use of scales and previous killing sheets is necessary to estimate the correct weight limit 
for drafting. Frequent drafting is very important to avoid over-fats when heavy-weight lambs 
are growing quickly. 

Dressing-out Percentages in Lambs 
(Adapted from: "AgFact" 227- see Section 1.2.9, page A-34). 
Dressing-out or dressing percentages (DO%) describes the relationship between the 
liveweight and carcass weight of the lamb. Scales can be used to establish this relationship so 
that lamb carcass weight can be estimated from liveweight for a particular type of lamb on a 
particular farm. This can usually be done with sufficient accuracy so that lambs are sent to the 
works at the most profitable time. 

Based on a trial at Ruakura on 2200 weaned, shorn lambs, the following observations 
were made: 

DO% based onfullliveweight was 42.2 %on average (see below). 
DO% based on fasted liveweight after 12 hours fasting was 45.4 %. 

The trial found that the following factors affected dressing percentages: 
Liveweight: Dressing-out percentage increases with increasing weight. Lambs of 20 kg 
dressed out at 39.5% on average; those of 50 kg dressed out at 45.5% on average. The 
results show that most weaned and shorn lambs are likely to dress out well under 50 %. 
Farm Differences: DO % can vary between farms, and on the same farm can vary between 
seasons. So the DO % relationship needs to be established for each farm. Differences of 
up to 1 - 2 kg carcass weight occur between different farms for lambs of the same 
liveweight. 
Gut-fill: Variation in gut-fill can account for differences when lambs are weighed at 
different times of the day or on different days. Fluctuation of up to 2 kg liveweight can be 
expected. Lambs on very fibrous pasture can have very high levels of gut-fill and those on 
legumes or feed concentrates will have low levels of fill. 
Suckled and Weaned Lambs: Weaned lambs have lower DO% than suckling or milk lambs 
(mainly due to increased volumes of gut-fill). In one trial the DO% of lambs weaned at 
12 weeks and slaughtered at 15 weeks was 2- 3% lower than from un-weaned lambs 
slaughtered at 12 weeks. In another trial, much older weaned lambs dressed out 4% lower 
than milk lambs from the same mob slaughtered at 11 - 13 weeks old. 
Birth Rank and Sex: Twins with similar liveweights to singles will have carcasses that 
weight 0.2 to 0.3 kilos less. Male lambs have less fat with 25 %lower fat cover than 
wether lambs, which in turn are leaner than ewe lambs of similar weights. As increased 
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carcass weight without increased fat cover is the main basis for farmer payment, the 
growing of ram lambs or cryptorchid lambs provides one management practice that can 
increase farm income. 
Breed: Breeds that have genetically higher wool production tend to have lower dressing
out percentages. As an example, at the same liveweight, shorn Southdown cross lambs 
had a 0.7 kg heavier carcass than shorn Merino Crosses. For a 35 kg liveweight lamb this 
meant a 2 % higher DO % for the Southdown Cross. 
Lamb Fatness: Fatter carcasses have higher DO percentages. As lambs fatten, a relatively 
higher portion of any fat is laid down in the carcass than in the remaining body, thus 
increasing DO%. P-grade lambs dress out at about 2% higher than Y-grade lambs, which 
in turn dress out 1 % higher than Alpha lambs. 

1.2.6 Ewe Hogget Mating 

Successful hogget lambing requires high standards of management. The following paragraphs 
will attempt to describe some of the costs and benefits ofhogget lambing and to highlight 
some of the important operational details in implementing hogget mating I lambing. 

Benefits of Hogget Mating 
The extra lambs produced by hogget lambing. 
The Romney, Coopworth and Perendale breeds have hogget lambing rates of between 20 
and 70 percent, with the higher rates being achieved only by very fertile strains of these 
breeds. The new composite breeds, including Finn and East Friesian crosses, have more 
oestrus cycles and begin cycling earlier, resulting in higher hogget lambing rates. 
Research has shown that, over their life-time, ewes that have lambed as hoggets produce a 
10 % better weaning percentage (i.e., better mothering abilities), and produce lambs that 
are 11% heavier at weaning (i.e., better milking ability). 
Hogget lambing is a good way of capitalising on relatively cheap spring grass without 
lifting winter carrying capacity (although pregnant hoggets do require high feeding levels 
through winter). 
Improved Genetics -
- Hogget oestrus is strongly linked with life-time lambing performance. Therefore, 

selecting replacements that have displayed oestrus can improve the flock's lambing 
percentage over time. 

- The rate of genetic gain can be improved by reducing the 'generation interval'. 

Costs of Hogget Mating 
The opportunity costs of the additional feed consumed by the hoggets in the spring. When 
there is a surplus of feed in spring I summer then the feed cost or value is low and the 
hoggets may make good use of it. On the other hand, where spring feed has a higher cost 
or value, hoggets may not be the best use of the feed. 
Risk of not being able to feed the hogget and hogget lamb adequately due to dry spring I 
summer conditions. This will also affect the subsequent feeding of the hoggets I two
tooths through to second mating. It is essential to grow the hoggets out to at least 60 
kilograms by two tooth mating. 
The additional costs of scanning and animal health. 
The extra labour cost to implement the policy. 
Possible reduction of ewe numbers to make room for the extra feed requirements of the 
hoggets. 

In summary, the benefit from hogget mating is the difference per hectare between the hogget 
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system and the next most profitable land use. Benefits of this process may be lost ifthe 
operational details are not managed properly. 

Ewe Lamb Management for Successful Hogget Mating 
Breeds aside, mating weight is the key to achieving oestrus and consistently high lambing 
rates from hoggets. Many farmers set minimum targets of 40 kg liveweight, and a condition 
score of three or better by May 1. To achieve this, good ewe lamb growth rates are essential. 
After weaning, ewe lambs should be offered 1500 to 2000 kg ofDM/ha of high quality 
pasture. This means not grazing below 4 - 5 em. 

To maximise conception rates, ewe hoggets should be on a rising plane of nutrition at 
mating. Aim to reach the 40 kg target about a month before mating then reduce the rate of 
gain to about 50 g per day until the rams are withdrawn (after two cycles or approximately 34 
days). 

In consultation with the local veterinarian, farmers should consider the use of vaccines to 
provide protection against abortion. Preferably these should be given before March. 

Mating Management 
Hoggets usually start cycling about a month later than ewes, so to bring them into oestrus 
earlier, 'teaser' rams (vasectomised) can be run with them three to four weeks before planned 
mating. Alternatively, the hoggets can be grazed next to the main ewe mating mob, where the 
presence of rams and mating activity has the same effect. 

As hoggets are not in season for as long as mature ewes, they should be mated in small 
easy contour paddocks with ram ratios of about I :50. Use mixed aged rams rather than two 
tooths or ram hoggets. It is very important to select ram breeds that provide 'easy lambing' (to 
avoid dystocia). It is also advisable to select a different breed of ram, so that the lambs benefit 
from hybrid vigour. 

Feeding Through Pregnancy 
Feeding ewe hoggets through pregnancy should aim to achieve growth rates of 80 grams per 
day or about 12 kg of liveweight gain over winter. 

Further Recommendations 
Scan the hoggets to separate 'singles', 'twins' and 'dries' in order to provide appropriate 
feeding and lambing management. 
If pre-lamb shearing, do so at least 14 days before the start oflambing. 
Hoggets should lamb onto high quality saved feed, at least 1400 kg DM/ha. 
Hoggets' lambs should be weaned before the New Year to give the dam enough time to 
rebuild weight before tupping as a two-tooth (aim for at least 60 kg). 

1.2.7 Cross-breeding of Sheep 

Note.· Much of the information in this section has been adapted from three publications- "A 
Guide to Genetic Improvement in Sheep", "Crossbreeding for NZ Sheep Farmers" and 
"AgFact" 169- see Section 1.2.9, page A-34). 

1.2.7.1 Introduction 
The technique of cross-breeding is long established and there are opportunities for its wider 
use in New Zealand. 

The benefits are the exploitation of hybrid vigour, rapid short term gains and flexibility to 
meet changing economic conditions and markets. 
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It is important to recognise, however, that cross-breeding is not a cure-all. While there are 
some farmers with unfair prejudices, there are others with rather unrealistic expectations for 
'magic' increases in animal performance. 
Cross-breeding can: 

Introduce traits that are not present in the existing breed (these might include greater 
milking ability, improved lambing percentage, growth rates, hardiness and disease 
resistance). 
Make rapid changes to product mix. It may be possible to move into a completely 
different sector of the wool or lamb market, if this is required. 

Cross-breeding can, however: 
Introduce traits that are not wanted, or reduce performance of some traits of the 
existing flock. 
Introduce a lot of variation in the flock, influencing culling decisions. 

Cross-breeding can not: 
Make up for inadequate feeding or management. 
Overcome very poor genetic merit in the base flock. The cross-breeding result will 
always be better if good representatives of each breed are used. 
Eliminate major faults, e.g., widespread black fibre in the existing flock. 

1.2. 7.2 Hybrid Vigour or Heterosis 
When genetically different animals are crossed, the recombination of genes often leads to 
increased growth and production. This effect is called heterosis or hybrid vigour, and can be 
measured by comparing the performance of the offspring with the average of the two parents. 
Sometimes the offspring can be worse than the average of the parents, an effect called 
'negative heterosis'. 

Significant hybrid vigour will occur only when two genetically different parents are 
crossed, and in general it will be greater the more widely the parents differ in their genes. 

The generation produced by the first cross between purebreds is called the 'F1' 
generation. The second generation, the F2, is produced by interbreeding within the Fl. Hybrid 
vigour is usually greatest in the F1 and reduces by about half in the F2. 

As noted above, cross-breeding may combine different traits from the two parents. For 
example, in the F1 of a Border Leicester I Romney cross, the Romney wool production is 
combined with the higher fertility and milk production of the Border Leicester. 'Combining 
ability' is different from heterosis, and provides another benefit of cross-breeding. 

Levels of hybrid vigour found in crosses among 'dual purpose' breeds are indicated: 
Hybrid Vigour (percentages) for Different Traits 

Growth and composition 0 - 15 % 
Lamb production 10 - 40 % 
Wool production 0 - 15 % 
Overall productivity 5 - 25 % 

Cross-breeding should not focus on heterosis alone. Attention must also be given to selecting 
the correct breeds for the desired traits, and the best animals within the breed, to realise the 
full potential of the cross-breeding programme. 

1.2.7.3 Cross-breeding Systems 

Terminal Crossing 
This is when a special purpose meat breed is used over a dual purpose maternal breed to 
produce cross-bred lambs for slaughter. 
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First-cross Ewe and Three-breed Cross 
Heterosis can be exploited using the first-cross ewes as the basic breeding flock to exploit 
favourable breed and heterosis effects for maternal traits. Three-breed cross lambs are 
produced when a terminal sire is put over the cross-bred ewes. Trials have shown an 
advantage of at least 20 % in both meat and wool production compared with progeny of the 
pure-breds. The major operational issue is obtaining a regular supply of first-cross female 
replacements. 

Rotational Cross-breeding 
Using sires of two or more straight breeds alternately and in a regular fashion. 

In a two-breed rotation, ewe progeny sired by Breed A will be mated to a sire Breed B, 
and vice versa. For example, a Romney flock might be mated to a Texel. The halfTexel 
progeny are then mated back to the Romney. In future years, ewes that look more like a 
Romney are mated to the Texel, and vice versa. Once stabilised, one sub-flock would consist 
of ewes that are 73 Texel and '13 Romney (mated to Romney rams) and the other sub-flock 
comprises ewes that are '13 Texel and 73 Romney (mated to Texel rams). The important factor 
in rotational crossing is that careful selection must be done for desirable traits in the pure
breds that produce sires for the programme. Rotational crossing retains considerable heterosis. 
When fully developed, a two-breed rotation will retain 66% of the heterosis that was 
generated in the first cross. 

A multiple number of breeds can be employed in rotational cross-breeding. The method 
provides a continuous system of sub-flocks, each of which provides replacement ewe hoggets 
for the next sub-block in the rotation. In the example shown in Figure 1. 4, (over page), one 
sub-flock is mated to Romney rams, one to Finn-Texel rams and one to Border-Dorset rams. 
Each sub-block comprises one third of the total ewe flock. 

Synthetic and Composite Breeds 
The 'Fl' characteristics coming from parental breeds are often stabilised by mating males and 
females of the Fl generation and continued inter-breeding. Common breeds formed in this 
fashion include Coopworth, Perendales, and Corriedales. Establishment of synthetic or 
composite breeds need not be limited to a two-breed combination. In this 'gene pool' 
approach, a number of breeds are combined, each contributing different genes. For example, 
half Romney (14 East Friesian x 14 Texel) ewes mated to half Romney (14 Poll Dorset x Y. 
Perendale) males. It is possible to retain higher proportions of heterosis the more breeds there 
are in the composite. In aii composites, significant additional long-term gains can be made 
through selection, provided performance records are kept and used. 

Comparing Cross-breeding Systems 
The main problem facing breeders is the decision of which cross-breeding methods to use. 
Theoretical studies suggest: 

All cross-breeding systems, especially those that exploit maternal heterosis as well as 
heterosis in lamb traits, are superior to straight breeding. 
Efficiency from terminal crossing increases as the dams become more cross-bred. 
A three way cross is competitive with a three-breed rotation or a terminal rotation 
system only at very high reproductive rates (a terminal rotation system mates a 
terminal sire to different dam breeds, e.g., Yz Romney x Yz Texel, or Yz Romney x Yz 
East Friesian, on a rotational basis). 
The three-breed rotation is always superior to a system involving terminal crossing to 
a two-breed (dam breed) rotation, unless there is an advantage to be had from the 
terminal sire breed. 

Remember that these conclusions come from theoretical studies that make many general 

A- 28 



assumptions. They also ignore wool production. 

Figure 1.4: An Example of Rotational Cross-Breeding 
(Source: "Crossbreeding for New Zealand Sheep Farmers" 

-see Section 1.2.9.) 

Romney Ram 

Ewes are 
4/7 Border-Dorset 

2/7 Finn-Texel 
1/7 Romney 

Ewes are 
4/7 Finn-Texel 

2j7Romney 
1/7 Border-Dorset 

Further Recommendations 

Finn-Texel Ram 

Ewes are 
4/7Romney 

2/7 Border-Dorset 
1/7 Finn-Texel 

.______Border-Dorset ram 

Ensure the objectives of the breeding programme are clear (e.g., more meat production, wool, 
heavy lambs, high fertility), and that these objectives can be achieved in the expected time. 

Draw up a cross-breeding programme that shows a profile of stock numbers and the stage 
of the cross for the next five to ten years. Plan a system for identifying the different crosses. 

Any failure in performance is more likely to be caused by climate, or shortfalls in 
management, rather than genetics. Find out which is the real cause. Cross-breeding is not a 
solution to poor management. 
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1.2.8 

1.2.8.1 

Sheep Recording and Selection 
(Contributed by S. Mcintyre, Gore) 

Introduction 
Genetic gain in key traits helps to improve profitability and productivity. It is estimated that 
an annual genetic gain of2% can be achieved in the following traits: Number oflambs born, 
liveweight gain and fleece weight. To achieve these gains, breeders must collect good records 
and base their selection on clearly defined criteria. A commercial farmer will make the same 
rate of genetic gain as the ram breeder he or she buys from. It is important that the ram 
breeder and commercial farmer have similar objectives that suit their farming environments 
and their production systems. 

There is a large array of sheep production traits that can be measured and selected for. The 
more traits a breeder selects, the slower the progress in any one trait. While it is easier to 
make fast progress if sheep are selected for only one trait or one aspect of production, farmers 
need sheep that have balanced performance. 

1.2.8.2 'Sheep Improvement Limited' 
Sheep Improvement Limited (SIL) is a wholly owned subsidiary of Meat & Wool Innovation 
Ltd. It was set up to develop and maintain a quality genetic evaluation system and a national 
sheep database that will benefit all sheep producers. SIL focuses attention on six key 
production areas (goal trait groups -see Table 1.12). Individual breeders can tailor the SIL 
system to suit their own breeding objectives. 

Table 1.12: The SIL Goal Trait Groups 

Goal Trait Group Component Breeding Values 

Growth Weaning weight 
Ewe weight 
Carcass weight 

Meat Fat 
Lean 
(based on ultrasound scal'~'1ing information) 

Wool Fleece weight at 12 months 
Lamb fleece weight 
Ewe fleece weight 
Fibre diameter 

Reproduction Number of lambs born 

Survival Survival of lambs 

Disease Parasite resistance 
(in time it will also include options for facial eczema 
and parasite resilience) 

'Raw' data collected on individuals is very misleading as there are large environmental effects 
on the measurements. With lamb weaning weights, for example, factors such as birth date, 
birth rank, rearing rank and the age of the ewe all have an effect, and can mask the genetic 
component of growth to weaning. The genetic evaluation system corrects for the known 
environmental variation between animals so they are compared on their genetic merit. The 
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environmental corrections are calculated for each flock and are unique to that flock and that 
year. 

Breeding Values 
Each individual's corrected data is compared to the average of the flock and is given a 
'deviation' that is relative to the flock average. For example, corrected weaning weight= 30 
kg, flock average = 28 kg, so the adjusted deviation for this individual is + 2 kg. 

The adjusted deviation is multiplied by the 'heritability' of the trait to give a breeding 
value. Different traits have differing degrees of heritability (on a scale ofO to 1.0)- see Table 
1.13. 

Table 1.13: Heritability Ranges for Various Traits 

Traits Heritability Ranges 

Number of lambs born 0.05 -0.2 

W earring weight 0.1-0.35 

Greasy fleece weight 0.3 - 0.4 

10 month (hogget) weight 0.2-0.5 

Carcass traits 
- lean weight 0.2- 0.4 
-fat weight 0.2- 0.4 

SIL bases breeding value calculations on the performance of the individual, all relatives, and 
any progeny the individual may have. This approach increases the accuracy of the predicted 
breeding value. This is particularly valuable for low heritability traits such as number of 
lambs born. 

Animals are characterised by a number of breeding values for traits which can be specified 
by the breeder. An individual may have high merit in one trait, average in another and poor in 
a third. Breeding values within a Goal Trait Group (see Table 1.12, page A-30) are combined 
on the basis of relative economic benefit, to provide a monetary value for performance in that 
area of production. The relative economic units are reviewed from time to time to reflect 
changes in profitability of the different traits I products, and they include some consideration 
of predicted future returns. 

Traits that have high heritabilities (such as fleece weight- see Table 1.13, above) respond 
to selection relatively quickly. Some traits are correlated (linked) with each other and so 
progress made in one trait can also change another. Most correlations are positive, e.g., as 
liveweight increases there is a small associated increase in fleece weight. There are some 
exceptions - fleece weight and fibre diameter and length are closely associated. An increase in 
fleece weight will usually increase both diameter and length (i.e., the economic benefit is 
mixed). Conversely, a decrease in fleece weight will decrease the associated traits. SIL has the 
ability to identify individuals that do not follow this generalisation or do to a lesser extent. 
Another exception is growth, as generally an increase in growth is associated with more 
carcass fat. When the aim is to improve one trait whilst holding or reducing a linked trait, 
progress is slower. 

Indexes 
SIL can also combine information for traits. Combining information across some or all of the 
six key production areas produces an index of overall merit. This is the overall economic 
merit for an individual relative to other animals. 
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For terminal sire breeds, the combined index is called the TSO or Terminal Sire Overall 
index, which focuses on meat, growth and survival but not reproduction since most progeny 
are destined for slaughter. 

A Dual Purpose Overall index (DPO) usually includes growth, wool and reproduction, and 
it may include meat, survival and disease as well. 

On the front page of a SIL report is information detailing which traits are included in the 
combined index for that evaluation in that flock. 

Genetic Trends 
SIL can compare the genetic merit of sheep for particular trait groups 'across years' and 
'within flock'. The comparison accounts for the environmental variation between years. It 
makes corrections for between-year environmental effects by comparing an individual's 
performance with the performance of relatives within the flock, across years. SIL produces 
genetic trend graphs that show progress in each trait over time as shown in Figure 1. 5. 

Figure 1.5: A Genetic Trend Graph for Fleece Weight in a Flock 
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'Across Flock' Evaluations 
If ram breeders have used rams or related animals across more than one flock, environmental 
differences between the flocks can be accounted for, enabling the calculation of breeding 
values for the individuals in the combined flocks (relative to the combined flock 
performance). The performance of related animals in different flocks is used to 'bench-mark' 
the individuals. Evaluations can then be made across the flocks to rank animals, that are in 
different flocks, on genetic merit. Such analyses require an adequate level of genetic 'linkage' 
between flocks. In reality, it is estimated that about 30% of the individuals in a flock should 
be linked to the other flocks to ensure the accuracy of the predictions. Ewes having a common 
sire can form links between flocks. 
Simplistic example of the principle of'across flock' analysis: 
If, say, a ram has progeny (lambs) in two flocks, the average performance of these lambs 
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(relative to other lambs in the flocks) can be used to rank the ram. 
'Link Sire' X is used in two flocks A & B (alongside 'Home breed' sires). The weaning 

weights of the progeny of the link sire are compared with the progeny of the home breed 
rams. 

The progeny are ranked, in order of corrected weaning weight (wwt), relative to the link 
sire: 

Flock A wwt deviation FlockB wwt deviation 

Ram25 32 (+2 kg) Ram47 36 (+3 kg) 
Ram61 31 (+ 1 kg) Sire X 33 
Sire X 30 Ram99 32 ( -1 kg) 

'Across flock' analysis would rank the rams in order of their superiority for weaning weight, 
relative to the link sire: 

Further Information on SIL 

Ram47 
Ram25 
Ram61 
Sire X 
Ram99 

(+3 kg) 
(+2 kg) 
(+1 kg) 
(0 kg) 
(-1 kg) 

Further information is available at the SIL web-site: www.sheepimprovement.co.nz; or in the 
booklet "A Guide to Genetic Improvement in Sheep"- see Section 1.2.9, over page. 
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1.2.9 Sheep References and Web-sites 

Those publications marked with an asterisk (*) are available from the offices of Meat & Wool 
Innovation Ltd., or telephone 0800 496 657. Those marked with an hash (#) are available 
from the Lincoln University Book Shop, telephone: (03) 325-3892. 

A Guide to Feed Planning for Sheep Farmers* (Geenty, K.G., ed.). NZ Sheep Council 
(1999). 

A Guide to Improved Lamb Growth- 400 Plus* (Kerr, P., ed.). NZ Sheep Council (2000). 
A Guide to Improved Lambing Percentage- 200 x 2000* (Geenty, K.G., ed.). Wools ofNZ 

and NZ Meat Producers Board (1997). 
A Guide to Genetic Improvement in Sheep* (Geenty, K.G., ed.). Sheep Improvement Ltd. 

(2000). 
Crossbreeding for New Zealand Sheep Farmers# (Price, S.). CF2000 Group and NZ Sheep 

Council (1997). 
Livestock Feeding on Pasture# (Nicol, A.M., ed.). New Zealand Society of Animal 

Production. Occasional Publication No.1 0 (1987). 
Sheep Production, Volume 1 -Breeding and Reproduction (Wickham, G.A. and McDonald, 

N.F., eds.). New Zealand Institute of Agricultural Science (1982). 
The Sheep: Health, Disease and Production* (Bruere, A.N. and West, D.M.). Massey 

University (1993). 
Supplementary Feeding# (Drew, K.R. and Fennessy, P.F., eds.). New Zealand Society of 

Animal Production. Occasional Publication No.7 (1985). 

AgResearch produces bulletins called "AgFacts" that can be down-loaded from the 'web' (see 
web-site, below). The following "AgFacts" have been referred to in this section: 
Winter Ewe Feeding (No. 150) 
Crossbreeding for Sheepmeat Production (No. 169) 
Feed Quantity for Lamb Growth (No. 181) 
Flushing Ewes and Autumn Feeding (No. 183) 
Hogget Mating (No. 184) 
Lactation and Spring Ewe Feeding (No. 187) 
Weaning Decisions and Summer Ewe Feeding (No. 188) 
Ram Management (No. 21 0) 
Management ofMultiple-Lambing Ewes (No. 226) 
Dressing Percentages in Lambs (No. 227) 

Meat & Wool Innovations Ltd. (telephone 0800 496 657) produces bulletins called "In the 
Paddock" that can be emailed to farmers. Their April 2002 bulletin, "Potential Benefits from 
Hogget Mating", has been referred to in the compilation of Section 1.2.6. 

Some Useful Web-sites 
www.mwi.co.nz 
www.agresearch.cri.nz/agr/publications 

Great page within the AgResearch site, including down-loadable AgFacts (see above), 
Science Quarterly, and Annual Reports. 

www .meatnz.co .nz 
Meat New Zealand web-site. 

www.nzsheep.co.nz 
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www.maf.govt.nz/MAFnet (choose topics) (links) 
Substantial page providing links to other New Zealand sites. 

www.fencepost.com 
An up-to-date New Zealand site containing information for farmers and those working 
in the rural sector. Includes access to further farming information and services. 
Membership is free. 

www.sheepimprovement.co.nz 
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1.3 WOOL PRODUCTION 

This Wool Production section was revised by S. Mcintyre (Gore). 
Much of the information contained in this section has been sourced from publications produced 
by Meat & Wool Innovation Ltd.- see Section 1.3.11, page A-64. The Editor also acknowledges 
the assistance given by I! Taylor, MWI. 

1.3.1 Important Wool Characteristics 

There are several important wool characteristics from a wool processor's point of view: 
• Fibre Diameter Length 
• Wool Colour Strength 
• Bulk Yield 
• Lustre Vegetable Matter 
• Medullation 

Fibre Diameter 
Fibre diameter is measured in micrometres (microns or 11m), with the normal range being 
between 16 microns (fine) to 40 microns (strong). The micron ranges for different sheep 
breeds are given on Table 1.19, page A-42. 

Diameter is the main determinant of end use and has the greatest influence on the value of 
the wool. Lower diameter is associated with higher value yams and end products. Premiums 
for fineness reflect the value of softness and lightness of apparel. 

Fine wools (less than 24 microns) are predominantly used for fine fabric, suiting, and fine 
knitwear. Wools in the 24 to 32 micron range are used in medium weight knitwear and 
fabrics. Wool over 32 microns is predominantly used in carpets. Because there is a minimum 
number of fibres (about 46) required in a yarn to make it strong enough for mechanical 
processing, the fibre diameter determines how fine a yarn can be spun (called the 'spinning 
limit'). Forty-six fibres at 20 microns make a finer, softer yam than one made of fibres that are 
40 microns each. 

Farmers can obtain fibre diameter measurements for individual sheep by taking mid-side 
samples (see Section 1.3.8, page A-59). This information can be used to select replacement 
hoggets and rams, or to separate fine-wool sheep into 'classing lines'. It should be noted that 
selection for finer fibre diameter could also decrease fleece weight and staple length. 

Wool Colour 
Colour is an important factor in determining value, particularly for crossbred wools. White 
wool is considered to be ideal because it can be dyed to any colour including light shades, and 
the colours are clear and bright. On the other hand, wool that is yellowish cannot be dyed to 
light colours, and when dyed to dark shades it is not as clear or bright. 

In general, New Zealand wools are noted for their good colour and are particularly valued 
when pastel shades are popular. 

Some yellow discolourations and stains are scourable, but there are several that are not. 
These wools have reduced end-product options and tend to go into lower value products. 
Washing a few greasy wool samples under the tap is a good way to determine if the 
discolouration is scourable or permanent. 

All farm lots are colour tested for the information of buyers and processors. Wool colour 
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can be described using tristimulus values: Y =brightness or lightness, and 
Y- Z =whiteness or yellowness. TheY value is a measure of the green in the colour and Z 
the blue (remember yellow and green make blue). The lower theY- Z value the whiter the 
wool, the higher the Y - Z value the yellowier the wool. Very white wools have Y - Z values 
that can be about 1 or even negative. Very yellow wools have a value of over 8. Brighter 
wools have higher Yvalues. The grades of the tristimulus values are shown in Table 1.14. The 
common colour indexes for breed wools are shown in Table 1.15. 

Generally, oddment lines such as bellies, fribs and pieces are removed because they are of 
poorer colour than the main line. 

In crossbred fleeces, lines over about a yellow score of 3.5 are discounted by 10 cents per 
kilogram on average (200 1 ). 

Table 1.14: Tristimulus Grades and Colour 

Brightness (lightness) y Whiteness (yellowness) Y-Z 

Very bright >68.0 very white <1.0 
Bright 65.0- 68.0 white 1.0- 2.9 
Average brightness 62.0- 64.9 creamy I pale yellow 3.0- 4.9 
Dull 58.0- 61.9 yellow 5.0- 8.0 
Very dull <58.0 very yellow >8.0 

Table 1.15: Breed Wool Tristimulus Indices 

Breed Yvalues Y-Zvalues 

Good Average Poor Good Average Poor 

Merino >67.5 67.5- 65.0 <65.0 <1.5 1.5-2.0 >2.0 
Halfbred and 
Corriedale >65.0 65.0- 62.0 <62.0 <2.5 2.5- 3.0 >3.0 
'Romcross' >62.0 62.0- 58.5 <58.5 <4.5 4.5- 5.5 >5.5 

Wool colour (i.e., yellow) is an important inherited characteristic that becomes evident under 
prolonged wet, humid conditions. Bacteria that live in the fleece and on the skin thrive in 
warm and wet conditions and slowly stain the fibres. Generally the colour is yellow but blue, 
green and apricot colours are possible. The wax, sweat and skin exudates of individual sheep 
impact on how favourable the conditions are for the bacteria to flourish. The amount of 
exudate varies between animals. It should be noted that yellow wool can be more attractive to 
blowflies than white fleeces. 

Identification of colour is possible at shearing by simply marking and noting those sheep 
with very yellow fleeces, or by measurement using a mid-side sample. There is a colour 
prediction test available at Lincoln University where a mid-side sample is incubated in warm 
and wet conditions and the degree of yellowing measured. This can be useful to screen 
potential stud rams or determine the cause of poor colour in commercial flocks. 

The environment and management can also affect wool colour. Wool that is long when the 
environment is warm and wet will colour quickly, whereas short wool will dry quickly. Long 
wool over winter tends not to colour because of the cooler temperatures. 

Experience with colour measurement can help growers choose the optimum time to 
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harvest their wool and determine the shearing intervals that suit their environment. Spring I 
early summer shorn wool often has much better colour than autumn I winter shorn wool. 
Figure 1.6 shows the changes in colour of wool throughout the year. Note the rapid increase 
in yellowness with the onset of summer. 

Figure 1.6: Annual Pattern of Wool Colour (Yellow) Development 

Y-Z 4 

Wool 
Yellow 3.6 
Index 

3.2 

2.8 

2.4 
Jun Sep Dec Mar Jun 

As well as yellow fleece discolourations there are a number of other types of colour that can 
affect fleece wool. Table 1.16 shows the causes of other types of discolouration and whether 
they are scourable or not. If a colour is non-scourable it must be removed from the clip at 
shearing. 

Table 1.16: Fleece Discolouration Guide 

Name Caused By Initiation Appearance Scourable 
Factor 

Scourable diffuse Wool yolk, - Creamy Yell ow Yes 
Yellow Grease a11d 

Suint 
Canary Yell ow Chemical Prolonged Bright Yell ow No 

Wetness 
Fleece Rot I Bacterial Prolonged Bands of Yes /No* 
Yell ow Banding Wetness Yellow 
Green and Brown Bacterial Prolonged Bands of Green No 
Banded Stains Wetness and Brown 
Blue Banding Bacterial Prolonged Blue bands No 

Wetness 
Apricot Stain Unknown** Prolonged Pink- red No 

Wetness shades 

*Fleece Rot- the bands of fleece rot exudate are scourable, however often Canary 
Yellow can form under the bands- which is not scourable. 

**As yet unknown, although possibly bacterial. 
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Bulk 
Bulk is the 'filling' capacity of wool, and is sometimes referred to as springiness or resilience. 
It is a measurement of the volume occupied by a given weight of wool, under a set load. Bulk 
is determined by the degree of helical (spiral) crimping. High bulk wool has fibres with a lot 
of helical crimping, similar to a spring. Low bulk wools have a very flat, one dimensional, 
crimp. See Table 1.17 for bulk grades. 

Table 1.17: Wool Bulk Grades 

Grade Bulk (cm3/gram) 

Very high >32.0 

High 28.0- 31.9 

Average 24.0-27.9 

Low 20.0-23.9 

Very low <19.9 

High bulk wools tend to have little lustre and are often chalky or dull whereas low bulk wools 
tend to be lustrous (shiny). 

Bulk is a characteristic that is desirable for some end uses and not for others. High bulk is 
desirable in carpets as the pile retains its resilience (bounces back from loads) and reduces 
'tracking' where the carpet appears different shades where people have walked. Bulk is 
desirable for some knitwear as it gives warmth without weight and retains its shape. 

Selection for bulk can result in a decrease in fleece weight, so usually both characteristics 
are considered when making selection decisions. 

Bulk is effectively a breed characteristic, the 'Down' breeds are very high in bulk, the 
Down cross type breeds (such as the Texel and Perendale) are high to medium, the 
Romney-based breeds are low, and the Lincoln and Leicester wools very low. Average breed 
wool bulk values are shown on Table 1.19, page A-42. 

Lustre 
Highly lustrous wool, such as from Lincoln and Leicester sheep, has a glossy appearance and 
a silky touch. The lustre comes from the way the fibre reflects light. Again lustre is a 
characteristic that is desirable for some end uses and not for others. The 'lustre wools' are 
often used in Mohair blends for knitwear and hand-knotted rugs where gloss is desirable. 
Lustrous wools are used in carpets but tend to be a smaller proportion of the total blend. 
Lustre is undesirable in cut pile machine-made carpets. 

Like bulk, this is a characteristic that is mainly determined by the breed. The lustre of 
different breed wools is indicated in Table 1.19, page A-42. 

Medullation 
Some fibres develop a hollow centre as they grow. The hollow centre may be continous or 
disrupted - these are called medullated fibres. The outside part of the fibre becomes harder as 
it grows, making the fibres very stiff in relation to their weight. The hollow core changes the 
amount of light reflected making them look whiter than normal fibres. The increased 
reflection also makes them appear paler when dyed. 

Medullation is more common in the stronger wools (over 35 microns) and often occurs 
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around the britch area of the sheep. 
A proportion of medullated fibres is a normal component of many cross-bred carpet yarns. 

Medullation is very undesirable in yarns that will be used for knitwear as the stiff fibres can 
cause discomfort (prickling) when worn against the skin. Drysdale sheep produce fleeces 
containing mainly medullated fibres. 

Wool Length 
The length of shorn wool can have an important effect on value. In 'Romcross' wools, the 
optimum length is 100 to 125 mm for machine processing. Wools shorter than 75 mm are 
usually discounted and there is no premium over 150 mm. With lambs, the shorter wools are 
finer and can receive a premium for fineness. 

Wool length is largely determined by the shearing regime and the annual wool length 
growth of the breed. Merinos grow about 65 -100 mm a year, so these are usually shorn once a 
year, whereas Drysdales grow about 200 - 300 mm a year and are shorn two to three time a 
year. Average breed wool lengths are shown in Table 1.19, page A-42. 

Wool Strength 
High quality fine yarns for suiting fabric and fine knits are produced using the worsted and 
semi-worsted processing methods. These require long sound fibres as they have several 
combing steps where weak or short fibres may break and are combed out as waste. If fineness 
is achieved by under-feeding, the fibres will be weaker, possibly to the extent of a break and 
Will therefore be discounted at sale. 

Length and Strength testing 
There is a length and strength test available for Merino wools. A number of staples are 
measured by a machine grasping the top and bottom of each staple and measuring the force 
required to break the staple. The measurements are in newtons per kilotex (N/ktex) - see 
below. The test also records the position of the break. 

10 

Very 
tender 

15 20 

Tender 

25 

More 
weak 

N/ktex 

30 35 

More 
sound 

40 45 50 

Very 
sound 

55 

These results can be used by processors to adjust machine speed or to predict processed top 
length. The information can also be used by the grower to adjust feeding management. By 
knoWing where the weak point in the staple is, feeding levels at that time can be targeted. 
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Clean Wool Yield 
This is the percentage of clean wool in the 'greasy weight' after grease, suint, dust and 
vegetable matter have been removed, i.e.: 

Clean Weight (kg) x 100 
Greasy Weight (kg) 1 

Table 1.19 (over page) shows the average yields for different breeds. Table 1.18 (below) 
shows the yields expected for the fleeces, oddments and first lamb's wool of the main breeds. 
'Second shear' body wools of good average length yield similarly to full fleece wools but 
short, second shear 'Romcross' wool may yield 2- 3% higher. 

Table 1.18: Average Percentage Clean Wool Yield of Fleece and Oddments 
(12 Months Growth) 

Breed I Full Necks First Pieces Bellies Second First 
Wool Fleece* % and % Pieces Crutchings 
Type % Crutchings and Locks % 

% % 

Merino 70 66 62 60 51 60 
Halfbred 72 70 62 59 52 62 
Romcross 78 77 68 65 58 70 
Lustre 78 68 - 62 - 75 
Carpet 79 - - - - 68 

*i.e., the fleece minus the oddments 

Vegetable Matter 

First 
Lambs 

% 

66 
70 
80 
80 
79 

To measure the quantity of vegetable matter in a sample of wool it is weighed, then dissolved 
in acid to leave the vegetable matter intact. This is weighed and expressed as a percentage of 
the original weight. It is not only the amount, but also the type, of vegetable matter that is 
important to a processor. Vegetable matter that is fibrous like hay or thistle seeds can go 
through the spinning process and be incorporated into the yarn, resulting in flaws, weak spots 
or uneven dying. Vegetable matter that has burrs like 'bidi-bidi' that is attached strongly to the 
fleece may require extra processing steps, and some wool is likely to be removed with it, 
resulting in increased wastage and costs. 

Heavily contaminated fine wool lines ( 4 % or above) may require alkali treatment to 
dissolve the vegetable matter at great cost. Contamination at this level is not common in New 
Zealand. 

Breed Wool Characteristics 
Table 1.19 over page, shows the wool characteristics ofthe main sheep breeds in New 
Zealand, and the possible end uses for the wool types. 
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Table 1.19: Fibre Characteristics and Principal! End Uses of the Main Wool Types 

Breed 

Romney 
Perendale 
Coop worth 
Borderdale 
Border-

Leicester 
Drysdale 
Corriedale 
NZ Halfbred 
Merino 
Cheviot 
Downs 

Notes: 

Fibre Diameter Staple Length 
(micron) (mm)* 

31 - 41 125- 175 
30-37 100- 150 
32-42 125-175 
30-35 100- 150 

35-42 150-200 
>40 200- 300 

27-34 75- 125 
25- 31 75 - 110 
17-24 65- 100 
28-34 75 - 100 
25- 32 50- 75 

*Typical full year's growth 
**Loose Wool Bulk 

Bulk Average Yield 
(cm3/gm) ** (%) 

20-24 75- 80 
22-26 75-80 
19- 23 75-80 
20-24 74-78 

17- 21 76- 81 
22-26 77-83 
24-29 65-72 
28-32 65-72 
29-33 69-72 
31 - 35 75-79 
34- 38 50-70 

***Total greasy wool grown over.12 months (not including belly wool) 
****Principal end uses: 

1. Carpets 6. Fine apparel 
2. Blankets 7. Heavy apparel 
3. Heavy woollens I overcoatings 8. Knitwear 
4. Furnishing fabrics 9. Tweeds 
5. Handknitting yarn 10. Wool filling 

Fleece Weight Lustre End uses 
(kg)*** **** 
4.5-6.0 med 12345 
3.5- 5.0 low 12345 
4.5-6.0 high 13 
4.5-6.0 med 3457 

4.5- 6.0 high 134 
5.0- 6.0 low 1 
4.5-6.0 med 24589 
4.0- 5.0 low 4568 
3.5- 5.0 low 68 
2.0- 3.0 low 89 
2.0- 3.0 low 589 10 



1.3.2 Factors that Affect the Wool Production of Sheep 

Long-wool Breeds 
With regard to wool production, there are two main types of sheep, those that are sensitive to 
day-length changes and are 'seasonal' producers, and those that are 'aseasonal'. Long-wool 
breeds of sheep, such as the Romney, produce less wool (both fibre length and diameter) as 
the day-length reduces in the autumn- see Table 1.20. 

Table 1.20: Variation in Wool Length and Diameter ('Romcross' Sheep) 

Length Grown Average Diameter 
(mm/day) (microns) 

January 0.64 41.5 
February 0.63 41.9 
March 0.59 40.0 
April 0.59 38.7 
May 0.56 38.6 
June 0.49 35.3 
July 0.39 31.9 
August 0.41 28.5 
September 0.43 30.2 
October 0.48 34.1 
November 0.61 37.3 
December 0.66 40.5 

On the other hand, their summer growth rates of wool are about three to five times greater 
than winter rates, depending on feed levels (see Figure 1. 7). Some breeds of sheep, such as 
the Wiltshire, stop growing wool in the winter and shed their fleeces in spring when day
length starts increasing, growing a new fleece over the summer. 

.~.J:?igure 1. 7: The Annual Cycle of Wool GiOvvth in 'Romcross' Ewes 
The shaded area shows the effects of pregnancy and lacation 
(Reproduced from "The Whatawhata Way"- see Section 1. 3.11) 

A- 43 



Response of Feeding 
With 'Romcross' sheep, winter wool production is relatively unresponsive to additional 
feeding at that time- see Figure 1.8. Pregnancy accentuates the winter decline and delays the 
recovery in spring (Figure 1. 7, page A-43). Despite this, it is important to feed sheep at a level 
where their nutritional requirements are met or wool will be 'tender', or break, which reduces 
its value. 'Cotts' and tender wool should be seen as an indication of under-feeding and 
management should be adjusted. 

In summer, increased feeding will result in a relatively large increase in wool growth 
(Figure 1.8). Beyond a certain point, however, there is little response. 

Figure 1.8: Seasonal Wool Growth in 'Romcross' Ewes at Different Feeding Levels 
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The Merino breed is relatively unaffected by day-length, and with good feeding can grow 
wool at a relatively constant rate through the year (Figure 1.9). 

Figure 1.9: The Wool Growth Cycle of Merino and 'Romcross' Sheep 

Wool 
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Summer 
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Winter 



Merino wool production is more affected by factors that influence the feed supply and demand 
such as drought, pregnancy, stocking rate and feed allowance. Terms such as 'hunger fine' 
refer to wool of reduced fibre diameter brought about by a feed shortage. 

It is important to feed pregnant ewes adequately, as the life-time wool production of the 
lamb can be affected. Nutrition during pregnancy and lactation has a significant effect on the 
wool follicle development and growth in the lamb, particularly in Merinos. Twin born lambs 
are especially vulnerable to inadequate nutrition during this critical period. 

Variation in wool growth in Halfbreds and Corriedales is due to a combination of day length 
changes and feed levels, reflecting the two parent breeds. 

Genetic Influence on Wool Production 
(See also Section 1.2.8, page A-30, Sheep Recording and Selection) 
Rams have the greatest influence on genetic progress, but the culling of poorer performing 
hoggets can help lift the average. 

Hogget fleece weight (greasy) is a good indicator of life-time wool production. Increased 
fleece weight is, however, positively associated with increased fibre length and increased fibre 
diameter. If selection is only done on weight, over time fleeces will also become longer and 
'stronger'. 

Fibre diameter is a major determinant of the end-use of wool. If hogget fleeces are below 
about 33 microns, they may be used in knitwear products. If they are between 33 and 36 
microns they are more likely to be used in high quality rugs (if they have good crimp and 
some bulk). The hogget clip is a relatively small proportion of the total clip, so it is the fibre 
diameter of the eventual ewe clip that will have the most impact (fibre diameter increases as 
sheep mature). If the ewe wool exceeds 39 microns it will most likely be used in coarser, 
'budget grade', carpets and therefore is more likely to be discounted (although this will be 
offset to some extent by increased weight). 

At shearing time, ifhoggets are tagged, the number is written on a card that accompanies 
the fleece to the scales, and the tag and weight are recorded for culling. If the hoggets are not 
individually tagged, a temporary system with a string or elasticated band with a number can be 
put over the hogget's head, with a corresponding number to go with the fleece. Hoggets that 
fall below a specific fleece-weight or a specific proportion of the hoggets can be culled. 

A balanced approach may be to cull hoggets having particularly coarse or plain crimped 
fleeces as well as low weight. 

1.3.3 Shearing Time and Frequency 

Sheep can be shorn at any time of year, although the general pattern of shearing is as follows: 

'Romcross ',:Corrie dale: 

Merino, Haljbred: 
Lambs: 

Wet stock are shorn between October- January (to tie in with 
weaning). 
Dry stock (ewes and hoggets) shorn in September- October. 

Annual shorn usually pre-lamb: July, August or September. 
Shorn in January- March. 
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Sheep that are shorn in late summer and autumn tend to have discoloured wool. Multiple 
shearing is an advantage in areas prone to warm and wet conditions as the shorter fleeces dry 
quicker, reducing yellow discolouration and probably fly strike. 

The practice ofshearing three times every two years (i.e., eight month shearing) is possible 
in most 'Romcross' flocks. 

Shearing twice a year is common in high wool-producing 'Romcross' flocks in the North 
Island. 

Multiple Shearing 
The first general rule is that the wool should not be too short; that is not less than 75 mm 
(three inches). The optimum and preferred length is 75 to 125 mm. 

Eight Month Shearing 
Eight month shearing is a viable alternative to annual shearing 'Romcross' sheep. The 
resultant fibre length (1 00 - 125 mm) is more desirable than the twelve month shorn wool. As 
well as advantages in stock production and management, there is also the benefit of additional 
cashflow with eight month shearing. Common shearing times are mid-January, September, 
and May. In the south, the times could be immediately after weaning in December, 
pre-lambing in August and pre-tup in March. 

Eight months shearing can be more beneficial if the flock is split into two shearing mobs 
as shown in Table 1.21 (below). Eight month shearing is a two-year cycle. A split flock means 
that half the flock is on one year of the cycle, while the other is on the second year. The two 
mobs (A and B) are run together as normal, and drafted before shearing. The significant 
advantage is the regular cashflow, i.e., three times per year compared with twice in one year 
and once the following, or only once as for a twelve month shearing system. Also only half 
the ewes are pre-lamb shorn at one time, making it easier to meet feed and shelter needs. 

Table 1.21: Shearing Pattern for Split Flock, Eight Month Shearing, over Two Years 

J F M A M J J A s 0 N D 

Year One A B A 

Year Two B A B 

Six Month Shearing 
Six month shearing or second shear (2/S) is usually only possible with high producing 
'Romcross' sheep where it is unlikely that feed will be a limiting factor. The wool must be a 
minimum of 75 mm to avoid attracting a price discount for length. The common secoil.d shear 
regime is a five and seven month split (e.g., October and March), capitalising on the high rate 
of wool growth over the summer months. The most suitable shearing time is an individual 
farm-by-farm decision, as it has to fit around other fixtures in the farming calendar (e.g., 
lambing, weaning and mating). The relative growth and fibre diameter of the wool month by 
month under a multiple shearing regime, is shown diagrammatically in Figure 1.1 0, over 
page. 
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Figure 1.10: Shearing Times and Fibre Shape ('Romcross' Sheep) 

SEPT JAN 

AUG DEC 

Above: Single shearing in early spring and 
around Christmas. 

Above right: Two regimes of second 
shearing. 

Right: Wool shorn three times in two 
years. 

Crutching 

FEB 

SEPT 

FEB 

DEC 

MAY 

DEC 

MAY 

JAN 

Lambs which are not shorn are crutched in January-February. Ewes are generally crutched 
four to six months after I before shearing, or as the need arises. They may be 'ring crutched' 
before mating and before lambing. 
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1.3.4 Preparing for Shearing 

(These guidelines are based on two Meat & Wool Innovation publications: "New Zealand 
Code of Practice for Clip Preparation", and "Full Sheep at Shearing" by P. Rattray). 

The Shearing Shed 
To ensure optimum wool quality, the shed should have: 

A working area that is of sufficient size, clean and tidy. 
Good constant light over working area including artificial light for dull days. 
Adequate bins, fadge holders, containers for dags, urine stain, black wool and 
rubbish. 
Sufficient approved packs, clips, branding inks and stencils and pens. 
Arecording book. 
Yards and shed free of all contaminants (e.g., string, wire, sacks, bags, etc.). 

The Sheep 
To ensure optimum wool quality, the sheep must be: 

1.3.5 

Dry - Damp or wet wool should not be shorn. 
Dagged - Sheep should be dagged at least seven days prior to shearing. 
Empty- Sheep should be yarded (i.e., taken off feed) at least eight hours prior to 
shearing; longer may be required, depending on feed conditions. 
Drafted to separate: 
- Breeds. 
- Ages: Lambs, hoggets and mature sheep. 
- Wool lengths: sheep previously shorn at different times. 

Sheep brought on to the property since the previous shearing. 
- Any other significant differences. 

Shearing and Crutching Technique 
(Source: "Shearing Handbook"- Meat and Wool Innovation Ltd.) 

Shearing 
The MWI crossbred shearing pattern has evolved over the past 50 years. 
One of the two secrets of successful shearing is being able to hold and move the sheep in such 
a way that it remains relaxed. This requires the shearer to be comfortable and balanced. 
Correct location and movement of the feet are vital. Where possible, the illustrations indicate 
the appropriate positions. 

The second vital skill is to be able to hold the hand-piece lightly enough to be able to feel the 
tips of the comb running on the skin. 

This pattern is applied to all Crossbred sheep and lambs, but has been modified, mainly on the 
neck, for Merinos (not shown here). 

The asterisk (*) identifies possible lamb shearing variations. 
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1. Belly 
All blows must start high on 
the brisket. Remove all fribs 

and ensure easy entry for neck blows. 
*Delete blows la and 4 (lambs). 

3. First Leg 
Blows 9 and 10 may be 

combined. Gently push the wool 
upwards to remove skin 

wrinkles for blows 9 and 10. 
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2. Crutch 
Blows 6 and 7 may be combined. 
Protect teats on blow 2. Repeat if 
necessary to ensure a clean crutch. 

4. Undermine 
Blows must run parallel to the 

back bone. One each side. 
*Blow 13 may be deleted (lambs). 



5. Top Knot 
Place blows carefully. 

Blow 15 must clear top of eye 
and front of ear. 

7. Neck (continued) 
Blow 20 clears ear 

and continues, as shown 
in the inset, on woolly sheep. 

Start moving sheep into first shoulder 
while shearing blow 21. 
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Some shearers may prefer to 
delete blow 18 and use an 

extra neck blow ( 19) from the 
shoulder to the base of the ear. 

6. Neck 
On blow 17 keep the top 
of the comb on the skin 

and finish square under the jaw. 

8. First Shoulder 
Roll wrist on blow 22 to keep 

bottom tooth on the skin. 



9. First Shoulder 
Blow 24 clears strips under leg. 

Blow 25 runs from rib under leg. 

10. & 11. Long Blows (continued) 

Blow 29 must not cross 
the backbone before the 

shoulder. It finishes square under 
the bottom ear. 

A- 51 

10. & 11. Long Blows 
Delete blow 26 on small 

lambs. Keep sheep's head 
down and step over 

while shearing blow 28. 

12. Head 
Shearer's knees are used to 

control sheep's head. 



13. Last Shoulder 
Sheep's head turned and 

placed high 
between Shearer's legs. 

15. Last Side 
Roll sheep back for blow 3 8 to 

shear out the leg. 
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14. Last Shoulder 
Blow 36 cleans fribs under 

sheep's legs. 

16. LastLeg 
Blow 39 clears top ofleg 

if necessary. Blow 40 rolls under 
hamstring. 



Crutching 

Pre-Lamb 
Remove a full or half belly then proceed to the full crutch. 

Option 1 Option 2 

Full Belly 
The full belly is recommended with long wooled sheep. This helps the fleece dry quickly, 
keeping the wool a better colour. It also gives the option of leaving very short belly wool on, in 
the case of early main shear. 
Note: Keep the comb on the skin up to the base of the teats. Do not flick the comb off the skin. 

It is important that the whole crutch is properly cleaned. 
Note: Remember to protect the teats with fingers of left hand at all times. 
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The back end can be done in two ways, either the 'fan crutch', or the 'back slam'. 
Special care must be taken to avoid cutting hamstrings, when using the 'back slam' method. 
Use left hand to maintain pressure in the flank to keep the sheep's legs straight until both 
hamstrings have been cleared. 

The back end must be even on both sides without an overhang of wool, over the tail. 
Excess fleece wool should not be removed. A tidy finish is essential. Some trimming blows 
may be needed to en:'!ure no tassels of wool are left hanging from the sheep. 

Fan Crutch 

Top Knot 
(where necessary) 
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Back Slam 

Wethers 

When clearing the pizzle 
always approach from the side. 



1.3.6 Wool Preparation 

The Wool Handler 
The wool handler prepares the fleece by removing shorter or discoloured parts from the fleece 
as it is being shorn (e.g., crutchings, top knots, sox, etc.) and then when it is thrown on the 
table (e.g., first pieces, necks, seedy backs, etc.). During shearing the belly wool is removed 
first and is collected separately. Shorter, discoloured crutch wools, second cuts and pieces 
from the legs and head, as well as stains and dags are separated as they come off the sheep, 
and swept clear leaving the main fleece clean of inferior wools. The fleece is then thrown on a 
slatted table where it is skirted to remove faults ( cotted portions, vegetable matter, shed stain, 
etc.) and permanently discoloured or very much shorter wools. During this operation, loose 
pieces and second cuts still adhering to the fleece are shaken free and fall through the slats to 
the floor from where they are collected and packed with the shearing board sweepings. 
The aim is to prepare wool into lines even for length, colour and fault for processing. 

Lambs wool and second shear wools are prepared in a similar way, but on the shearing 
board because they do not hold together for throwing on the table (see Second Shear and 
Lambs Wool Preparation, page A-57). All short wool should be shaken onto a blend stack and 
checked for faults (colour, etc.) 
The Leading Shedhand 
The leading shedhand, who normally has a Wools of New Zealand Wool Handling Certificate, 
has responsibility for organising the preparation of the wool to the point where it is classed or 
graded. In general they oversee the other wool handlers working in a particular shed and 
ensure preparation is consistent. They are subject to the direction of the grower or classer, but 
may be asked by the grower to advise on the preparation required. Arrangements for control 
will vary from shed to shed, but the basic objectives of the leading shedhand should be to: 

Ensure that the shed equipment is arranged to give the best possible work flow. 
See that the agreed woolhandling procedures are followed consistently by the wool 
handling team. 
Ensure that the wool is graded consistently to a standard appropriate for that particular 
clip. 
Guide the presser and ensure that the bale number and its contents are entered 
correctly in the bale book. 
Ensure the branding of bales is done accurately and clearly. 

The Q Stencil Holder 
A Q Stencil holder is qualified to grade 'Romcross' wool. They are responsible for the 
preparation of a clip when a classer is not considered necessary. Q Stencil holders are 
registered with the Classer Registration Advisory Committee and their work is monitored in 
the same way as that of registered classers. Their responsibilities are: 

All the responsibilities noted under the section "The Leading Shedhand" (above). 
Plus-

To consult with the grower before shearing and be familiar with the grower's clip 
preparation requirements. 
To use a check list on all clips under their control. 
To be familiar with, and adhere to, the standards set out in the "Code of Practice". 

Fineness is not generally a consideration when grading 'Romcross' ewe wool. It is not 
necessary to grade the wool into more than one principal line unless there is an obvious 
difference in fibre diameter or the clip is a large one. The aim should be to create one main 
line removing only the fleeces that do not match the majority. There will often be one main 
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line and two smaller lines - one for yellow discoloured fleeces and one for shorter, cotted or 
'tender' fleeces. More care should be taken with hogget wools, as they are finer than adult 
wools. Table 1.22 sets out guidelines for grading 'Romcross' wool. 

Table 1.22: Grading Guide for 'Romcross' Wools 

Good and Better Average Poor 

Remove off-type fleeces that Remove off-type fleeces that Remove all 
obviously do not match the obviously do not match the cotts 
majority, or are: majority, or are: . Cotted . Cotted . Yell ow or discoloured . Very discoloured . 33 microns or finer 0 Very short or long fleeces . Very Hairy . Very heavy VM . Very strong and lustrous . Obviously short or very long . HeavyVM 

The Wool Classer 
Generally wools finer than 33 microns should be prepared by a registered classer. A classer 
has academic and practical qualifications in wool and is registered with the Classer 
Registration Advisory Committee. A classer has the responsibility for the management of the 
shed, ensuring the efficient and profitable wool-handling of the clip, especially in the classing· 
of fine wools for diameter, length and colour. The classer's role is to have overall 
responsibility for all aspects of the preparation of the clip. The classer should endeavour to 
keep up to date with market requirements and be ready to prepare a clip accordingly. 

In any clip there will be a normal range of fleece diameters. This can be described using a 
'classing curve' (Figure 1.11). When classing, the objective is to separate the significantly 
finer and significantly coarser fleeces from the majority, forming three basic lines for fineness 
(i.e., a medium line- which will be most of the clip, a fine line and a strong line). Smaller 
lines within these fineness categories can be formed for off-type fleeces (see Table 1.23, over 
page). 

Figure 1.11: The Classing Curve 

Number 
of Fleeces 

Finer Medium Stronger 

Average Fibre Diameter 
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The important thing is to avoid 'over-classing'. It is a common mistake to make lines with 
only slight differences. The classer should make the fewest lines possible, with very clear 
distinctions for average fibre diameter of at least one micron in Merino and Halfbred clips and 
one to two microns in Corriedales. 

There is no minimum or maximum number of bales that can be sold in a line at auction, 
although it is better to have more bales in a line than a few. If the wool has been classed to the 
'classing curve' with distinct differences for fineness, then the lines should be of suitable size. 
Lines of between 5 and 20 bales are favoured by wool buyers and larger lines (10- 20 bales) 
are more economic for the wool grower to sell (i.e., cost less than many small lines). Smaller 
lines can be combined prior to sale by interlotting or grouping at the brokers store, although 
this attracts an additional charge. The number of re-class fleeces to be binned should be kept 
to a minimum as there is a significant cost associated with this option also. 
Note: A registered wool classer has a "Kiwi" stencil, with an individual number on it. A 
trainee classer who has qualified academically but has not yet completed the practical part of 
the qualification has a "P" or a Provisional stencil. Both are entitled to have their stencil 
printed on the bales of wool they have prepared. 
Full Wool Preparation 
Full wool should be prepared into lines of wool even for length, colour and fault. Only 
off-types should be removed. 

Table 1.23: Grading Fleeces From Main Fineness Lines 

Good Colour Average Colour Poor Colour 

Remove fleeces from the Remove fleeces that No grading required 
main lines that obviously do obviously do not match the 
not match the majority or are: majority, or are: . Cotted 0 Cotted 

0 Yellow or discoloured 0 Short or very long 
0 Obviously short or very 0 Very discoloured 

long 0 Very tender 
0 Containing VM . Tender 

Second Shear and Lambs Wool Preparation 
Second shear and lambs body-wool does not hold together and is best handled on the board, 
then taken to a stack on the wool room floor for blending and checking before pressing. 
Shorter and I or discoloured wool, urine stains and dags are removed from the main 
body-wool as it comes off the sheep. The blend stack should contain at least one bale of wool 
before it goes into the press. Preparation indicators for second shear and lambs wool are 
shown in Table 1.24, over page. 
Lambs wool and second shear can generally be divided into two main lines: 

The body-wool (e.g., 'first lambs'). 
· The shorter and discoloured wool from the belly, legs and crutch (known as 

bellies and pieces), e.g., 'second lambs'. 
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Table 1.24: Sorting Second Shear and Lambs Wool 

Good Colour Average Colour Inferior Colour 

Remove: Remove: Remove: . Permanently . Heavily discoloured . Heavily discoloured 
discoloured wool wool wool . Very short wool . Very short wool . Dags . Pen stain . Pen-stain . Urine stain . Hairy britch in fine . Hairy britch in fine . Any other wool that 
'Romcross' lambs 'Romcross' lambs does not match the . Seed or VM . Seed orVM majority . . Dags . Dags 

Packaging Greasy Wool 
The well prepared clip should also be well packed and accurately branded. Bales should weigh 
between 100 kg and 200 kg. Anything under or over these limits is repacked by the wool 
broker and a charge is incurred. MWI suggest a target weight of 180 kg. Only new packs or 
those sold by an approved recycler should be used. The presser must label the bales clearly 
and record the bale number and the wool type it contains in the wool book. The clip (farm) 
name is put on the top of the bale (Figure 1.12). The bale label is attached to the top flap. The 
farm brand, bale description and bale number is written on the label (Figure 1.13, below). 
Bales must be clipped with a minimum of three clips on the underflaps and four clips on the 
outer flaps. Clips must not protrude in a dangerous manner. Generally Merino wool under 19 
microns is packaged in nylon packs to avoid contamination. 

Figure 1.12: The Farm Brand, Stencilled on Top of Bale (clear of centre and edges} 

Figure 1.13: The Bale Label 

N 
2: 
s 
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1.3.7 Wool Types I Weights for Budgeting Purposes 

The main types of wool considered for budgeting purposes include fleece, necks, pieces, 
bellies and locks at main shearing and lambs wool, crutchings and dead-wool at other times. 

Where skirting is carried out at main shearing (' Romcross', full length clip) the following 
proportions and weights are likely to occur: 

Fleece 
Necks 
1st Pieces 
Bellies 
Belly fribs 
Locks & 2nd pieces 

Category 

75 to 80 per cent 
up to 3 per cent 
up to 9 per cent 
up to 7 per cent 
up to 1 per cent 
up to 5 per cent 

Greasy Weight (kg) 

3.40 (75%) 
0.13 ( 3%) 
0.40(9%) 
0.30 ( 7%) 
0.04(1%) 
0.23 ( 5%) 

Total: 4.50 kg 

Ewe crutchings amount to 0.2 to 0.3 kg, making a total clip of 4.75 kg per head per year for an 
average sheep. 'Romcross' hoggets produce about 3.5 kg at hogget shear (1.0 to 1.5 kg as 
lambs, earlier). Lamb crutchings weigh about 0.1 kg. 

1.3.8 Sampling and Testing of Wool 

Fleece Sampling 
Many stud and commercial wool growers objectively measure the fleece characteristics of 
individual animals. A wool sample (30- 40 grams) is talcen from the mid-side of the animal
at the last rib and one hand-span down from the spine. The sample area is approximately 10 x 
10 em. Figure 1.14 shows the mid-side sampling position. The mid-side position gives the 
best representation of the average wool characteristics and variability of the fleece. 

Figure 1.14: Mid-side Sampling Position 
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The correct mid-side position of the fleece (one full hand-span from the back-bone and over 
the last rib) is best marked with raddle before shearing. The sampling position can then be 
clipped or accurately identified at shearing on the wool table. It is difficult to locate the mid
side area consistently on the table without prior marking. 

Fleece Testing 
Fleece measurement services are offered by the New Zealand Wool Testing Authority 
(NZWTA) and SGS Wool Testing Services (SGSWTS)- which are both "Telarc" registered 
commercial wool testing laboratories specialising in core testing for auction (refer below). An 
on-farm fleece testing service is now offered by Pasture Measurements Ltd., using the Ofda 
2000 technology. 

The Lincoln University Wool Measurement Service primarily acts as a fleece testing 
service and is not involved in commercial testing for sale lots. Measurements available 
include: yield, fibre diameter, colour and bulk. Other tests are available on request. For further 
information contact: Wool Measurement Service 

Testing Wool for Sale 

Department of Wool Science and Technology 
P.O. Box 84, Lincoln University 
Telephone: (03) 325-3822 
Email: WMSLC@tui.lincoln.ac.nz 

All wool sold in the auction system in New Zealand is objectively sampled and tested before 
sale. Wool arriving at the wool broker's store is core and grab sampled. The core samples are 
sent to the registered wool measurement laboratories (NZWT A, SGSWTA) for testing. The 
standard measurements carried out to International Wool Textile Organisation (IWTO) 
standards are: mean fibre diameter, vegytable matter, yield and colour. A bulk measurement is 
available, and the length and strength of fine wools can also be tested. The results are 
published in the auction catalogue. The grab sample is used in the pre-auction display, where 
the buyers can view the greasy wool along with the measurement results in the catalogue. 
Wool sampled under these standard conditions and tested by accredited laboratories is given a 
Test Certificate of results. Farmers selling their wool privately can take core samples from 
bales of wool and have the wool tested for the same characteristics outlined above. As the 
samples are not taken under controlled conditions, however, the results are presented in a 
guidance report- which cannot be used for commercial trading of wool. It is a guide for the 
use of the wool grower and the privl:lte wool buyer. 
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1.3.9 Wool Selling Options for Wool Growers 

Wool growers have several options for selling wool, i.e., to a private wool buyer, through a 
wool broker at auction, through a broker-organised tender, by contract though Woolnet (an 
internet based screen), direct to a mill or as slipe wool from works sheep. 
Private Wool Buyer 
A private wool buyer purchases wool from the wool grower and sells to an exporter or direct 
to a mill (either in New Zealand or overseas). The price paid is generally slightly less than that 
paid in the auction system, taking into account the costs of the buyer. Payment is usually made 
immediately. 

Private wool buyers trade 44% ofNew Zealand's annual wool clip (2001 - 2002). It is 
recommended that growers obtain a guidance report with the four main tests- colour, fibre 
diameter, vegetable matter and yield to assist in determining the value of the clip. 
The Auction System 
Wool brokers act on behalf of wool growers in sampling, storing, cataloguing and offering 
wool for auction. 'Open cry' auctions are held regularly throughout the wool selling season 
from July to June in Christchurch and Napier. Wool is purchased by buyers acting for wool 
exporting companies, local and overseas processors and merchant scourers. The wool grower 
must pay for transport, broking chm;ges and wool measurement. Additional services such as 
binning, lot building and grouping are also paid for by the grower. Payment for wool sold at 
auction usually takes between seven and fourteen days. 
Approximately 44% of the annual wool clip is sold through the auction system (2001 - 2002). 
Tender or Contract 
Various brokers also run tenders, and may have contracts with buyers - sourcing wool direct 
from wool-growers. 
Wool net 
Woolnet is an Internet based computer selling system. Wool is tested, described and listed on 
Woolnet and is available to registered buyers and processors 24 hours a day. Price can be 
negotiated via email, phone or fax, or a fixed price entered. When a fixed price is met or 
exceeded it triggers the sale automatically, including the electronic transfer of funds. 
SlipeWool 
Slipe is the name given to wool removed from pelts at the freezing works. The grower is paid 
according to a standard schedule. The wool is sold to exporting companies, merchant scours 
and mills. 

BioWool 
Wool grown under organic conditions can be certified as such by several organisations- see 
Section 7.3, page G-8). 

1.3.10 New Zealand Wool Board 

The New Zealand Wool Board is an independent statutory body, first established in 1944 and 
reconstituted in 1977 under the Wool Industry Act. Funded by the wool-growers ofNew 
Zealand, its principal objective is to obtain in their interests the best possible long-term 
returns for New Zealand wool. To achieve its objective of maximising returns to the 
wool-growers, the Board assists at all levels those working in the production, marketing and 
processing of New Zealand wool. Since the McKinsey report was produced, the development 
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of some new organisations has proceeded. SheepCo is a grower elected board that may adopt 
the Wool Industry's responsibilities when the NZ Wool Board is dissolved. Ovita is a sheep 
genetics and biotechnology company and Covita will be its commercial arm. Wool Interiors, 
whose focus is on international marketing operating as part ofWRONZ. Meat & Wool 
Innovation Ltd. (MWI) includes all functions from WoolPro, The Meat and Wool Board's 
Economic Service, Sheep Improvement Ltd. and the research and development function from 
MeatNZ. 

Meat & Wool Innovation is directly involved with wool-growers, and works to improve 
wool production levels and enhance the quality of the national wool clip and administers the 
on-farm research budget. They provide educational and extension programmes in wool 
production, harvesting and packaging. These programmes range from field days and seminars, 
to wool handling training courses and wool classing registration schemes. They also provide 
formal training programmes for 1500 shearers and wool-handlers each year. Wool growers are 
also able to contact the Animal Production Specialists for one-to-one advice. Production 
Specialists are based in Christchurch, Timaru, Dunedin and Gore in the South Island, and 
Cambridge, Napier, and Masterton in the North Island. 

Quality Assurance 
Meat & Wool Innovation operates an on-farm quality assurance scheme for the wool industry. 
Standards are set in conjunction with each sector and subject to both internal and external 
audits. The overall programme is ISO 9000 accredited. Wool growers and shearing 
contractors are covered by sector-specific standards. 

The Quality Accredited Grower Programme offers two major benefits to participating 
wool growers. Firstly it gives growers a systematic method of working towards improving the 
quality of the wool they produce. In doing this they will improve their ability to meet their 
customers' requirements. Secondly, becoming part of the scheme allows growers to 
participate in the Fernmark branding programme, with the opportunity to have their wool 
preferentially sought by brand partner manufacturers . 

. In order to become accredited, growers must meet a standard set of assessment criteria. 
Although there is a reasonably long list, the criteria have been based on existing industry 
codes of practice, long agreed upon by the wider New Zealand wool industry. The areas that 
may require the most attention by growers seeking to become accredited are: Preventing 
contamination, improving lighting in the wool shed, management of dip withholding periods, 
and presenting sheep for shearing in optimum condition. 

The following is a brief outline of some of the grower criteria. The complete criteria 
comprises a detailed manual that will be available to all growers who decide to apply for 
accreditation. The criteria apply to all wool types, although there are a number of breed
specific requirements for some criteria. (Note: Breed requirements are not listed here). 
Woo/shed and Yards 
The woolshed and yards must be tidy and in good condition, free of contaminants, all 
equipment in good condition, correct lighting installed, suitable wool tables and fadge holders 
supplied and spline drives fitted to all shearing machines. 
Contamination Prevention 
To prevent contamination a number of key issues must be addressed, for example, suitable 
rubbish bins must be supplied, all possible sources of contamination must be removed and 
black wool must be prevented from being mixed with white wool. 

A- 62 



Winter Shear 
For winter shearing, cover-combs must be used. 'Winter' shearing dates will vary from region 
to region. 
Dip Residues 
The dip withholding period must be observed and a diary kept to verify this. 
Sheep Preparation 
Sheep must be prepared for shearing so as to prevent dags, urine stain, penstain, black fibre 
contamination and mixed lots. 
Wool Preparation 
The wool clip must be prepared in accordance with the New Zealand Wool Industry Code of 
Practice for Clip Preparation. 
Pressing 
Wool must be packed to a high standard, in new wool packs and the bales correctly identified. 
Staff Qualifications 
Appropriately trained shearers, wool handlers and classers must be employed. 

In order for the system to operate as intended, quality plans will be prepared for each farm and 
regular quality audits carried out over time, to ensure standards are maintained. Growers will 
be required to keep a diary of events (e.g., dipping, crutching, etc.). The diary will be used for 
assessment and reduce the need for quality audits at every shearing. 

This scheme is designed to link into other wool industry sector quality schemes, for 
example with shearing contractors, wool brokers, scourers and exporters. The system will 
bring greater benefits for all participants through a quality-assured product and improved 
communication throughout the wool industry. 

For a full description of the accreditation system and the Grower Accreditation Criteria 
growers should contact their local MWI office. 

Wool and Shearing Training 
MWI run training programmes for wool handling and shearing from junior level to advanced. 
They also offer tertiary level training for wool classers, as well as refresher courses. 
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1.3.11 Publications by Meat & Wool Innovation Ltd., the 
Sheep Council, and Other Sources 

The following publications are available from MWI offices, or telephone: 0800 496 657. 

Sheep and Wool Production 
A Guide to Feed Planning for Sheep Farmers (I999). 
A Guide to Genetic Improvement in Sheep (2000). 
A Guide to Improved Lambing Percentage (200 x 2000) I997. 
A Guide to Improved Lamb Growth (2000). 
I 00 More. A Guide to Hogget Mating (2002) 
Management ofFootrot in Sheep (2002) 
Facing Up to FE Facial Eczema- A Practical Guide for Farmers (1988). 
Fly and Lice, numbering their days (200I). 
Changing to Merinos (1988). 
New Zealand Sheep and Their Wool, 5th Edition (I994). 

Wool Handling and Classing 
New Zealand Code of Practice for Clip Preparation, 4th Edition (1999). 
Classer Registration Handbook (I994). 
First Pieces - The Wool Classers Newsletter (began I988) 2x P A. 
Wool Presser Handbook, 3'd Edition (2002). 
Wool Handling Handbook (200 I) 
Meat & Wool Innovation Ltd. Course Schedule (Annual). 

Shearing 
The Shearing Handbook (2002). 
Meat & Wool Innovation Ltd. Course Schedule (Annual). 

Market Information 
Available on the website: www.mwi.co.nz 
Statistical Handbook. 
The New Zealand Wool Industry Manual (1994). 
Wool Grower Report. 

Other references referred to in this section include: 

Growing Better Wool (Henderson, A.E.). Reed: Wellington (I968). 
Lincoln University Wool Manual. Department of Wool Science and Technology, Lincoln 

University (1996). 
New Zealand Code of Practice for Clip Preparation*, 41h Edition. Woo !Pro (1999). 
The New Zealand Wool Industry Manual*. Wools ofNew Zealand (1994). 
The Whatawhata Way (Shimmins, M., ed.). Agricultural Promotion Associates (I982). 

Those books marked with an asterisk (*) are available from the Lincoln University Book 
Shop, telephone (03) 325-3892. 
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1.4 BEEF CATTLE MANAGEMENT AND FEEDING 
(Contributed by R. Reynish, www.seaviewpacific.co.nz) 

Introduction 

Beef cattle on sheep and cattle farms assist the performance of other stock classes by: 
• Having seasonal feed requirements* that assist the matching of pasture utilisation with 

pasture growth. (*As breeding cows). 
• The use of mature cattle to utilise poor quality feed in the summer I autumn. 
• Maintaining pasture quality for sheep grazing. 

In addition, beef cattle are a profit centre in their own right. 

Production per hectare should be a key performance indicator for every farmer. High 
production per hectare reduces the impact of changing market returns (these changes can 
mask what is really happening inside the farm gate). 

1.4.1 Breeding Cows - Management and Feeding 

1.4.1.1 The Role of Breeding Cows 
Beef breeding cows have a dual role in producing calves and managing pasture, especially on 
hill country. These roles must be balanced at strategic times to maximise the benefit of having 
a breeding herd. Cows assist with control of pasture quality in summer and provide a feed 
buffer in winter, through weight loss, while cleaning up poor quality feed. They can do this 
because of their seasonal feed requirements. 

In spring and early summer, cows have a high feed demand and can 'mop up' surplus 
pasture growth. This is important in maintaining pasture quality for lambs and finishing cattle. 
During this period cows can lay down fat, to mobilise later when grazing short pasture, scrub I 
fern or when hard grazing in winter is required. 

In late summer and autumn cows are used to clean up rank feed, especially on hill country 
where conservation of hay or silage is impossible. Calves can continue gaining weight while 
their dams graze rough pasture, as the cows convert poor feed and body fat to milk. Suckled 
calf weight gains remain higher than that for weaned calves, even if high quality feed is 
available during February and March. 

Cattle and sheep are generally not susceptible to the same types of parasites. Thus, cattle can 
be used to clean up pastures for subsequent grazing by sheep. Grazing pastures with breeding 
cows followed by weaned lambs is a good example of this process. Hard grazing of pastures 
in autumn and winter with cows further enhances the clean-up or 'vacuum cleaner' effect. 

1.4.1.2 

Winter 

Annual Programme and Feed Requirements 
(Adapted from: "AgFact" 7l - see Section 1.4.4) 

Cows often carry a winter feed buffer 'on their backs' as fat, which is especially useful in 
regions with poor winter pasture growth. Cows in good condition in March can safely lose up 
to 15 % oftheir liveweight (at one kilogram per day) from autumn to about four weeks pre
calving, without penalising calf production. Figure 1.15, over page, shows a cow losing 50 kg 
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from March to July. The pattern of weight loss does not matter. That is, cows can lose weight 
steadily through the winter, or rapidly at times. 

Figure 1.15: 
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Typical Beef Breeding Cow Liveweight Pattern 
(Adapted from ''AgFact" 71 -see Section 1.4.4) 
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In winter, cows can graze down to about 800 kg of dry matter per hectare (pasture length 
about 2 em). If, however, cow weight is to be maintained, they should graze no lower than 
about 1000 kg of dry matter per hectare (2 - 3 em). Provide a pasture allowance of about 2 kg 
of dry matter per day, for every 100 kg of cow liveweight (mid-winter). 
Pre-calving 
Ideally, cows should gain liveweight during the last four weeks of pregnancy. This is 
especially important in dairy-cross beef cows that are prone to metabolic problems. Intensive 
grazing, controlled behind an electric wire, makes efficient use of feed. Cows should graze no 
lower than about 1000 kg DM/ha (2 - 3 em). Provide a pasture allowance of 3 kg of dry 
matter per day, for every 100 kg of cow liveweight, in the last four weeks pre-calving. 
Post-caiving to End of Mating 
Good post-calving nutrition is usually easily achieved if calving date coincides with the start 
of the spring pasture flush. This will help to reduce the period of anoestrus. Ideally cows 
should be within about 5% of their autumn weight at the start of mating. Cows and calves 
should graze no lower than about 1500 kg of dry matter per hectare (pasture length about 
4 em). Again an allowance of 3 kg of dry matter per day, for every 100 kg of cow liveweight, 
is suitable. If necessary, cows can 'buffer' a feed shortage and mobilise fat to continue 
milking. By mid to late spring, cows and calves should be offered large quantities of feed for 
good calf weight gains and pasture control. 
End of Mating to Weaning 
In general, cows and calves should graze no lower than about 1200 kg of dry matter per 
hectare (pasture length about 3 em), although intakes are usually governed by the need to 
maintain pasture quality. Cows may have to clean up rank pasture from February, preferably 
behind an electric wire for good grazing control. If high quality pasture is not available for 
calves, weaning should be delayed. 
Autumn 
If cows are to carry a winter feed buffer as fat, then they must be in good condition in the 
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autumn. This limits the amount of weight they can be allowed to lose when cleaning up poor 
quality feed. 

Table 1.25: Feed Requirements of Beef Breeding Cows, from Weaning Time 
(Assuming 'improved' pasture with a M/D value of 11- see Section 1.1.2) 

Dry Matter Requirement per Head (kg/day) 
Cow 

After Three months Two months Liveweight . 1 before calving before calving 
Final month 

weanmg (kg) 
350 4.0-4.5 about 4.5 about 5.0 about 6.0 

450 5.0- 5.5 up to 5.5 about 6.0 6.5- 7.0 

550 5.5 - 6.0 up to 6.5 up to 7.0 7.5 - 8.0 
1 Requirements should be increased by approximately 1 5%for lean cows and reduced 

by 15 %for fat cows. 

Table 1.26: Feed Requirements of Beef Breeding Cows, from Calving 

Cow 
Liveweight 
(kg) 
350 
450 
550 

Dry Matter Requirement per Head (kg/day) 

First month of 
lactation 

6.5-7.0 

7.5- 8.0 

8.5- 9.0 

Third month of Fifth month of 
lactation2 lactation3 

about 7.5 at least 7.0 

about 8.5 at least 8.0 

at least 9.0 at least 8.5 
2 Plus~ 0.9 kg grass eaten by calf 

3 Plus ~ 2. 7 kg grass eaten by calf 

L.iveweight Gain: In general, mature cows of medium breed size require an extra (over 
maintenance and maternal requirements) 6.5 kg of drf matter to gain 1 kg ofliveweight. 
Smaller breeds may require more feed, and larger breeds less feed, to achieve the same 
increase in liveweight. 
Uveweight Loss: When cows are losing liveweight, their feed requirement is reduced by 
approximately 2.5 kg DM for each kilogram of weight lost. 

1.4.1.3 Optimum Cow Liveweight and Condition Score 
It is inefficient to run over-weight cows. Earlier liveweight guidelines have since proved to be 
about 10 %higher than necessary. Recent research* showed that with Hereford I Friesian 
crossbred cows: (*reference: "R & D Brief" 35, Meat NZ- see Section 1.4.4) 

o Bigger cows eat more (in line with their liveweight). 
• Up to 420 kg of mating weight, cow reproductive performance and calf growth 

improved. 
o Above 420 kg liveweight, calf growth continued to improve in a linear response to cow 

weight (0.2 kg of calf weaned weight per kg of cow mating weight). 
• Above 420 kg, cow reproductive performance showed little improvement. 
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Therefore, the assertion is that a cow liveweight profile centred around an average mating 
weight of 420- 440 kg is optimum, as shown in Table 1.27. Running cows at higher 
liveweights is a waste of grass. 

Table 1.27: Optimum Cow Liveweights at Key Times 

Time Weight (kg) 

Immediate pre-calving 

Post-calving 

Mating 

Weaning 

Mid-winter 

Body Condition Scoring of Beef Cows 

440 

390 

430 

430 

380 

Body condition score (BCS) is often a better guide to the state of a cow's well-being than her 
actualliveweight. 
Figure 1.16 gives guidelines for determining BCS by palpation of fat cover. Remember that 
gut-fill, and girth during late pregnancy, may make cows appear fatter than they actually are. 

Figure 1.16: Places to Touch when Assessing the Body Condition Score of Beef Cattle 
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Table 1.28: Body Condition Scoring (BCS) for Beef Cows - Description 

Group BCS Description 

Thin 1.0 Emaciated. No fat detectable over spine, hips or ribs. Tail-
head and ribs project prominently. 

1.5 Poor. Still emaciated. Tail-head I ribs less prominent. Spine 
sharp but some tissue over spine. 

2.0 Thin. Ribs still identifiable, but not as sharp to touch. Some 
fat along spine and over tail-head. 

Borderline 2.5 Borderline. Individual ribs no longer obvious. Spine still 
prominent but it feels round rather than sharp. Some fat 
cover over ribs and hip bones. 

Good 3.0 Moderate. Good overall appearance. Fat cover over rib feels 
spongy and areas on either side of tail-head have fat cover. 

3.5 Moderate plus. Firm pressure must be applied to feel spine. 
A high amount of fat is present over the ribs and around the 
tail-head. 

4.0 Good. Cow appears fleshy and carries some fat. Spongy fat 
cover over the ribs and around tail-head. Fat patches 
becoming obvious. 

Fat 4.5 Fat. Fleshy and over-conditioned. Spine almost impossible 
to palpate. Large fat deposits over ribs, around tail-head, 
and below vulva. Patchy fat. 

5.0 Extremely fat. Tail-head and hips buried in fat. Bone 
structure no longer visible. Animal's mobility possibly 
impaired. 

Condition Score Target for Mating 
Successful reproduction is the key to profit from beef cows and heifers. Having targets for 
body condition score is important for optimum performance. 

Mating at a condition score of3 or more should give 95% conception (or better) in 52-55 
days. 

1.4.1.4 Breeding Policies and Other Management Options 
(Adapted from "AgFact" 65- see Section 1.4.4) 

Breeding Policies 

The efficiency of a beef breeding system can be measured in weight of calf weaned per 
hectare (the area required to winter the herd), or per kilogram of cow wintered. Many aspects 
of herd policy contribute to efficiency and profit. A breeding herd policy is influenced by: 

Breed options - dam and sire breeds, cross-breeding. 
Mating options - first mating at one or two years of age. 
Other management options - calving date, mating duration, pregnancy testing, cow culling 
age and replacement rate, cow liveweight and feeding level. 
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Breed Options 

Dam Breed: Weight of calf weaned per hectare depends mainly on reproductive performance 
and milk production, which are both influenced by cow breed. 
Sire Breed: Sire breed affects age of maturity, liveweight gain and carcass characteristics such 
as leanness, fat marbling and conformation. Because sire breeds also affect calf size at birth, 
large breeds should be mated to mature cows only, and sires known to cause few calving 
problems should be chosen where possible. 
Cross-breeding: Cross-breeding can lift herd efficiency by introducing desirable traits from 
each breed with the added benefit of hybrid vigour ('heterosis' -see Section 1.2. 7.2, 
page A-27). Crossbred cows, especially dairy crosses, have higher reproductive rates and milk 
production than the traditional beef breeds, but their winter feed demand is higher. Research 
has shown that 12% more Angus cows can be wintered on the same area compared with 
Hereford I Friesian crossbred cows under the same mating policy. Allowing for this, 
Hereford I Friesian cows still show 8 % higher efficiency than Angus if both breeds are first 
mated as two year olds, and 13 % higher efficiency if first mated as yearlings. 

Further crossing with a terminal sire adds sire breed characteristics and more heterosis 
- see also Section I. 2. 7. 3, page A -27. 

Mating Options 

Yearling Mating: If heifers are first mated at 15 months old, good feeding after calving is 
important to ensure a high re-breeding rate at two year old mating. Table 1.29 shows 
recommended pre and post-grazing pasture masses (as kilograms of dry matter per hectare), 
by season. These figures apply to 'improved' cattle I sheep pastures. Indicative heights are 
also shown - note height varies with season. 

Table 1.29: Recommended Pre and Post Grazing Pasture Mass for Yearling Mating 

Seasons Pre-Graze Post-Graze 
(kg DM per ha) (kg DM per ha) 

Spring (mating) 2 500 (7 em) 1 500 (3 - 5 em) 

Summer/ Autumn 2 000 (5+ em) 1 200 (2 em) 

Winter (pregnant) 1 500 (5 em) 1 000 (2 - 3 em) 

Early spring (pre-calving) 2 500 (10 em) 1 000 (2 - 3 em) 

Spring I Summer (lactation) 2 500 (7+ em) 1 500 (2 -3 em) 

The aim is to achieve conception rates of 85 %in yearlings and· over 90% in mixed age cows 
mated for six to eight weeks. Low rates may indicate problems with feeding, time of mating 
or bull fertility. 

The liveweight chart over page (Figure 1.18) show liveweight targets for heifers. 

Mating at 27 Months: First mating at 27 months reduces efficiency, but the value of yearling 
mating is questionable for some traditional beef breeds. If the required liveweight as yearlings 
cannot be achieved, then two year old mating is necessary. Heifers need to reach 380 - 400 kg 
by two year old mating. They can then be used to control summer pasture after mating and 
need no special attention over winter. 
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Figure 1.18: Beef Heifer Liveweight Chart for Yearling Mating 
(Source: NZ Beef Council) 

The chart shows liveweight targets for the successful mating and rebreeding of yearling beef heifers (medium breed size). 
Liveweights will differ according to the type of farm and breed of cattle. 
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Other Management Options 

Calving Date: Calving too early restricts winter stocking rate and therefore reduces the number 
of calves born. Calving should coincide with the start of the spring pasture flush. This will 
give good calf growth and short post-calving anoestrus. 
Pregnancy Testing: Pregnancy testing allows early sale of empty cows and increases herd 
efficiency, as all cows wintered carry calves. Testing is most reliable from 2 to 3Yz months 
pregnant. 
Wintering Replacements: Most farmers breed and rear their own heifers. On the other hand, 
buying replacements allows more breeding cows to be wintered and hence higher calf 
production. Females can then be mated to a terminal sire. Quality of replacements is 
important, and the most reliable way to ensure this is by contracting a breeder, specifYing the 
weight of heifers at purchase date. 
Culling and Replacement Rate: Typical replacement rate is somewhere between 15 - 20 % for 
New Zealand herds. Culling cows at a young age can reduce efficiency because it requires the 
wintering of more replacements. It may provide less scope to cull poor producers unless the 
number of replacements is high. This in turn allows little scope to select the best heifers 
unless replacements are purchased. 

Choosing the Right Policy Mix 

Figure 1.19 (over page) shows the relative effect of each option, or combination of options, 
on overall weight of calf weaned per hectare. 
The graph indicates that the best Angus combination (see no.11) can produce gains of 61 % 
without changing the cow breed, and that fine-tuning several aspects of management may be 
worth more than any single major alteration. 
Referring to the numbers, etc., at the left hand side of the graph: 

1. The 'Angus base'(100): 
Uses Angus dams and sires. 
Mates heifers at two years and culls at 7Yz years. 
Winters yearling replacements. 
Does not pregnancy test (empties are not culled). 
Calves one month before spring growth starts. 

2. 'Calving Later': Shows the advantage of calving one month later, to better match 
spring growth. 

5. 'H x F Crossbred Cow': Hereford I Friesian crossbred cow comparison. 
6. 'Bull Breed Change': Shows the effect of using a different breed of bull over the 

Angus cows. 
7. 'Herd Age': Shows the effect of culling cows later, at 10 Yz years of age. 
8. 'No Yearlings Wintered': Shows the benefit of not wintering replacement heifers on 

the home farm. 
9. Combination 1 ('Combo 1 ')includes options 2, 6 and 8. 

10. Combination 2 ('Combo 2') includes options 2, 4, 6, and 8. 
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Figure 1.19: Graph showing Relative Weight of Calf Weaned per Hectare 
(Source: "AgFact" 65 -see Section 1. 4.4) 
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1.4.2 Beef Finishing Systems 
(Adapted from: "AgFact" 67- see Section 1.4.4) 

1.4.2.1 Factors Affecting Productivity 

Beef finishing policies vary tremendously. Factors to consider include: 

Breed 

Breed 
Sex 
Age at Slaughter 
Carrying Capacity I Stocking Rate 
Feed Supply 

Breed has a major influence on liveweight gain, slaughter weight potential, carcass 
conformation and characteristics like fat depth and marbling. 

Table 1.30 shows the relative growth potential and carrying capacity of beef-breed 
crosses, compared with the base value of' 1 00' for pure Angus cattle. 

Table 1.30: Relative Growth Potential and Carrying Capacity of Beef Breed Crosses 

Relative 
Carrying 

Sire Breed Dam Breed Growth 
Potential Capacity 

Angus Angus 
100 100 

Murray Grey A+H 1 

Hereford 
A+H 106 - 107 96 

Limousin 
Large Terminal 

A+H 112-116 91 
(e.g., Charolais, Simmental) 

Angus HxF 2 112 92 

Hereford 
HxF 124- 125 85 

Limousin 

Large Terminal HxF 130- 133 81 

1 A + H refers to Angus or Hereford dams. 
2 H x F refers to Hereford I Friesian crossbred dams. 

The offspring of large terminal sires have the highest growth potential. <;alves from Hereford 
I Friesian cross dams are heavier at weaning and have greater growth potential than calves by 
the same sire born to either Hereford or Angus dams. Fast growing crosses need more feed to 
achieve their potential, as shown with their lower carrying capacities (see table). 

At a given weight, cattle of large mature size are more efficient ( in terms of converting 
feed to liveweight gain) than those of small mature size. For example, a 300 kg beast with an 
expected mature size of 900 kg is more efficient than a 3 00 kg beast with a mature size of 
only 600 kg. On the other hand, a 200 kg beast with an expected mature size of 600 kg will 
normally have the same feed conversion efficiency as a 300 kg beast with a mature size of 
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900 kg. This is because both are 30 % mature. 

Sex 

Bulls have a relative growth advantage (compared to heifers of the same breed) of about 
30 %; steers 15 %. This is, however, compromised by lower carrying capacities of 82 %for 
bulls, 90 % for steers - compared with heifer numbers on the same area. 

Age at Slaughter 

Beef policies are typically one-year systems (slaughtering at 18 - 20 months of age) or two 
year systems (28- 30 months). Age at slaughter depends on liveweight gain, sex and breed, as 
well as target carcass weights. See also Figure 1.21, over page. 

Carrying Capacity I Stocking Rate 

There is a balance between age at slaughter and carrying capacity. For example, Friesian bulls 
can be grown quickly and slaughtered at 18 months but fewer can be carried, compared with 
beef-breed steers for slaughter at 24 months. Within a policy, stocking rate affects meat 
production and profit. 

High winter stocking rate reduces liveweight gains but produces more beef per hectare 
over the longer term. Profit, however, is lower because lighter carcass weights receive a lower 
price per kilogram. Pasture damage and behavioural problems are also worse. 

Mix of Breeding and Finishing Stock on the Same Farm 
The curve in Figure 1.20 shows the typical high spring and summer feed demand, and lower 
winter requirement, of breeding systems. Increasing the number of finishing stock (at the 
expense of breeding stock) raises winter feed demand and reduces the peak spring7summer 
demand. Keeping up liveweight gains through autumn and winter extends the period of high 
feed demand into autumn and reduces the winter feed-bank. 

Figure 1.20: 
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Typical Feed Demand of a Breeding System, Modified by some Finishing Stock 
(Source: "AgFact" 67- see Section 1.4.4) 

More finis ng T Faster finishing 

Spring Autumn 

Matching Feed Supply and Demand 

Breeding enterprises tend to suit the usual seasonal fluctuations in feed supply better than 
finishing policies (see above), although two-year finishing suits better than one year. One
year systems tend to penalise other (breeding) stock in order to feed the finishing cattle. 

Beef cattle grow more efficiently at some times of the year. Cattle gain weight more 
readily in the spring than in the autumn, at the same feeding level. Therefore, there may be 
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advantages in simply 'maintaining' cattle over the winter when feed is short, then growing 
them very rapidly when spring pasture growth increases. In other words, farming for 
'compensatory growth'. By doing this, farms with low winter grass growth can maximise 
winter stocking rate and use the spring pasture flush more efficiently. Compensatory growth 
in the spring may allow cattle to 'catch-up' with those that gained weight steadily through the 
winter. 

1.4.2.2 Feed Requirements of Growing Cattle 
(Adapted from "AgFact" 69 & 98- see Section 1.4.4.) 

Young stock for slaughter at 18 - 20 months of age must not lose weight at any time - see 
Figure 1. 21. Animals slaughtered at 26 months or older may be held at maintenance or even 
lose weight over the winter. 

Figure 1. 21: Typical Liveweight Gain Pattern 

500 

100 

1 2 3 

Years 

The key to profit and flexibility of beef finishing is to grow stock fast where possible. Rapid 
liveweight gain provides sale flexibility, as more animals are ready for sale at a..t1y time. 

A fast growing animal produces more beef per kilogram of feed eaten over its lifetime, 
because it uses less feed to reach the same final weight as a slower growing animal. This is 
because less feed goes into 'maintenance' over its lifetime. For example, a 300 kg beast 
gaining only half a kilogram per day uses 67% of its feed to maintain its weight. A 300 kg 
beast gaining 1.5 kg per day uses only 40% of the feed for majntenance -the rest is used for 
growth. 

Table 1.31 (over page) shows the daily feed requirements for growing steers. These figures 
are for 'improved' pasture, having a M/D value of 11.0- see Section 1.1.2. 
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Table 1.31: Feed Requirements of Steers (kg DM I day) 

Live 
Weight Liveweight Gain (kg/day) 
(kg) 

0.0 0.25 0.50 0.75 
100 2.0 2.0 2.5 3.0 
150 2.5 3.0 3.5 4.0 
200 3.0 3.5 4.5 5.0 
250 3.5 4.0+ 5.0 6.0 
300 4.0 5.0 5.5+ 6.5 
350 4.5 5.5 6.5 7.5 
400 5.0 6.0 7.0 8.5 
450 5.0 6.5 8.0 9.0 
500 5.5+ 7.0 8.5 10.0 

Note: Add 5% to the values for heifers. 
Deduct 5 % for bulls. 
Add 5 - 10 % for small breeds. 
Deduct 4 - 8 % for large breeds. 

Pre and Post Grazing Pasture Levels 

1.00 
3.5 
4.5 
5.5 
6.5 
7.5 
8.5 
9.5 
10.5 
11.0 

1.25 1.50 
3.5+ 4.0+ 
5.0 5.5 
6.0+ 7.0 
7.5 8.0 
8.5 9.5 
9.5 10.5 
10.5 11.5+ 
11.5 13.0 
12.5 14.0 

Pasture length affects feed intake and hence liveweight gain, as cattle cannot harvest enough 
short feed for fast growth (see also Section 1.8.5.2). To obtain satisfactory liveweight gains on 
'improved' cattle I sheep pasture, stock should go on to pasture having approximately 2500 
kg of dry matter per hectare, and should be moved on when it has been grazed down to 
1500 kg DM /ha. The height of pasture (to achieve these DM levels) varies with the season. A 
paddock containing 2500 kg DM!ha has an average pasture height of about 10 em in winter
spring, and 7 em in summer-autumn. 1500 kg DM!ha pasture measures about 5 em in winter
spring and 3 em in summer-autumn. 
Feed Quality 

Most cattle in New Zealand are grazed on pastures dominated by browntop and other low 
quality grasses, and with a low content of white clover. Daily growth rates of cattle on this 
type of pasture are restricted to less than 1 kg per head in the spring, and 0 to 0.5 kg in 
summer, autumn and winter. In contrast, cattle on improved and well-managed pastures can 
grow at 1 kg during the winter, in excess of 1.5 to 2 kg in the spring, and 1.0 to 1.5 kg in the 
summer and autumn. · 

Pasture species, stage of growth and the proportions of green leaf stem and dead material 
within the pasture all affect feed quality. Dead material is an important constraint to 
performance. For every 2% increase in dead material, digestibility drops by 1 %. With 40% 
dead material, digestibility is as low as 60 - 65 % - see Section 1. 8. 3. 3. As digestibility drops 
from 80 to 60 %, intake falls by one third from maximum levels. This means that although 
young cattle may be offered a higher allowance (of long, rank feed), their intake (and 
liveweight gain) declines. At 40 - 50 % dead material, young cattle can achieve little more 
than maintenance. Pasture quality problems are common from January to April. 
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Temperature Effect 

Data on the effect of cold on the growth rate of young cattle are very difficult to find, but the 
following table is included from a paper published on a Colorado feed-lot (Reference: New 
Zealand Beef Council). A steer at 2° C requires 45 %more feed, yet has a reduced liveweight 
gain. 

Table 1.32: Temperature and Predicted Performance of a 400 kg Steer 
Exposed to Different Magnitudes of Cold 

Temperature kg of dry matter required 
------------------~~-~-

12 degrees 10.3 for liveweight gain of 1.25 
7 degrees 10.6 for liveweight gain of 1.2 
2 degrees 15 for liveweight gain of 1.1 

Some recognition of the energy demand in cold climates needs to be built into feed budgets. 

Grazing Management 

Spring and Summer: Good grazing management is vital to reduce the build-up of dead material 
in pasture over this period. Pastures should be kept between 5 - 15 em height (see 'Pre and 
Post Grazing Pasture', on previous page). If pastures become rank, finishing cattle cannot 
restore pasture quality. Young cattle will 'patch' graze unless forced eat to low levels (2 - 3 
em), with correspondingly poor liveweight gains. Cows and ewes are best for removing these 
patches by occasionally grazing these 'finishing' paddocks down to about 1000 kilograms of 
dry matter per hectare (about 2- 3 em height, depending on the season). 
Autumn: Autumn sets up the winter grazing rotation. Adjust stock numbers to reach winter 
stocking rates and target pasture cover at the start of the winter, e.g., 1 May. 
Winter: Winter is especially critical for intensive finishing. Without supplements, pasture cover 
in the cattle block should average 1500 kg of dry matter at the beginning of the winter. Cover 
should not fall below 1100 kg of dry matter per hectare for live weight gain of 0.5 or more. 

1.4.3 Monitoring Beef Cattle Performance by VVeighing 
(Source: "AgFact" 128 -see Section 1. 4. 4) 

Monitoring the liveweights of cattle is important in identifying problems and achieving 
targets. 
Regular weighing can determine: 

How quickly animals are gaining (or losing) weight. 
Expected date and numbers at the next draft. 
How liveweight gains compare between mobs or on different areas of the farm. 
How cattle from different sources or of different breeds or from different sires 
compare. 
Whether stock may have some sub-clinical health problems. 
Expected conception rate in 15-month heifers. 
How breeding cows compare, based on the weight of calf weaned. 
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Numbers to Weigh 

For high performance beef systems, usually all animals are tagged and weighed at the start. 
With less intensive systems, groups or samples from mobs may be weighed to obtain an 
indication of how the whole group is performing. Twenty animals per mob is usually 
adequate. 

When regularly weighing heifers or cows, a sample group can be marked or have their tag 
numbers recorded, so the same ones are weighed each time. 

Gut-fill 

Because gut-fill can make up 10 % of the weight of a beast, it must be similar each time 
weighing takes place. Variation in gut-fill can lead to faulty estimation of weight gain or loss. 
For example, the gut content of a 300 kg steer can weigh more than 30 kg. Cattle should be 
off grass for the same length of time before each weighing. If the furthest paddock is one hour 
from the yards, then cattle coming from that paddock can be weighed immediately. If a mob 
is only 30 minutes away, they should be held another 30 minutes before weighing. 

Access to water is also important. A 400 kg beast can quickly drink 30- 40 litres (30 - 40 
kg). Thirsty animals will appear light. Stock should have unrestricted access to good clean 
water before weighing. 

Suggested Weighing Times 

Finishing cattle: As required to check progress; 6-weekly intervals for animals that are 
growing rapidly; prior to slaughter to check the drafting cut-off weight has been achieved. 
Breeding cows: W earring, mating, strategically in winter for weight control. 
Calves: Marking, weaning, six weeks after weaning. 
Yearling Heifers: During winter, if the objective is to mate at 15 months. Spring. 
2-yearo/dHeifers: Autumn, then as cows (see above). 

Pre-Slaughter Cattle Management 

Pre-slaughter stress in cattle can affect carcass weights and raise the pH level in the meat. 
High pH meat tends to be firm and dark, and produces more variable colour in the product. 

Cattle confined on pasture are more interactive or agitated than cattle fed hay. Interactive 
cattle become stressed, increasing the chance of dehydration and carcass weight loss. It also 
greatiy increases the risk of bruising. 

Trials have indicated that feeding hay or silage for more than 12 hours prior to transport 
reduces the stress response to transport, in comparison with fasted cattle and those transported 
straight from pastures. In turn, fasting for up to eight hours before transport is less detrimental 
than transporting straight off pasture. 

Recommendations 

Plan unit loads of stock well in advance to prevent mixing of unfamiliar cattle. 
Keep yards, gates and loading ramps in good order to prevent bruising cattle. Regular 
handling and familiarity to yards will reduce stress pre-slaughter. 
Bring cattle off pasture at least four hours before transport (easier handling). 
Provide plenty of clean water and do not fast the cattle for more than eight hours. 
Feed hay or silage to reduce stress and maintain carcass weights. 
Avoid transporting unfit stock. Break up longer journeys; transporting cattle for more 
than eight hours will cause dehydration. Any more than 24 hours can seriously affect 
welfare and productivity. 
Work closely with the trucking company to ensure cattle are handled well in transit. 
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1.4.4 Beef References and Web-sites 

AgResearch produces bulletins called "AgFacts" that can be down-loaded from the 'web' (see 
web-site below). The following "AgFacts" have been referred to in this section. 

Beef Breeding Herd Policies (No. 65). 
Beef Finishing Policies (No.67). 
Feeding Finishing Cattle (No. 69). 
Feeding Breeding Cows for Production (No. 71). 
Pasture Decisions for Beef Finishing (No. 98). 
Monitoring Beef Cattle Performance: Liveweight (No.128). 

The Beef Council produces many publications; some are listed here. They can be ordered by 
telephoning 0800-64 7-000. 

Beef Briefs Vol. 1 (7). 
Intensive Beef Production. 
Intensive Beef, Extensive Dollars. 
Up the Dam Beef$: Keys to More Profit from Cows. 
North Canterbury Monitor Farm and Northern South Island Beef Council Field Day. 

Meat New Zealand R & D Briefs can be obtained by telephoning 0800-647-000; they are free 
to Meat New Zealand levy payers. 

Livestock Feeding on Pasture * (Nicol, A.M., ed.). NZ Society of Animal Production (1987). 
Supplementary Feeding* (Drew, K.R. and Fenessy, P.F., eds.). NZ Society of Animal 

Production (1980). 

* These booklets can be purchased from the Lincoln University Bookshop. 

Some Useful Web-sites: 
www.agresearch.cri.nz/agr/publications 

Great page within the AgResearch site, including down-loadable AgFacts (see above), 
Science Quarterly, and Annual Reports. 

www.meatnz.co.nz 
Meat New Zealand web-site. 

www.maf.govt.nz/MAFnet (choose topic) (links) 
Substantial page providing links to other New Zealand sites 

www.fencepost.com 
An up to date New Zealand site containing information aimed at farmers and those 
working in the rural sector. Includes access to sources of other farming information and 
services. Membership is free. 
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1.5 DAIRY CATTLE MANAGEMENT AND FEEDING 

Information Sources 
Various information sources were used in the compilation of this chapter. They are listed in 
Section 1.5.12, page A-104. 

1.5.1 Cow Feed Requirements 
(Assumes quality pasture & easy farm contour- see Section 1.1.2, page A-3) 

1.5.1.1 Feed Requirements of Dry Cows in Winter 

Dry Cows in Adequate Condition 

The figures given in Table 1.33 are for cows that do not require any increase in body 
condition. The assumption is made that the pasture has an M/D value of 11 (see above). 

Table 1.33: Feed Requirement of Cows Approaching Calving 
(allowing for the growing foetus) 
(figures are in kilograms of dry matter per day) 

Weeks from Calving- 12 8 4 

Cow Liveweight 

370 kg 5.5 6.0 7.5 

470 kg 7.0 7.5 9.5 

570 kg 8.0 8.5 10.5 

Dry Cows in Poor Condition 

0 

9.5 

11.0 

12.5 

For cow 'body condition score' (BCS) to improve by 1 (say, from BCS 4 to 5 - see Section 
1.5. 6, page A-90), 'true' body-weight must increase by 25 kg for Jerseys, and 40 kg for 
Friesians. This increase is over and above the weight gain associated with pregnancy. In the 
average situation, 60 to 70 days of increased feeding would be required to put on this weight. 

Maximum possible gain in cow 'condition' in early winter is about 1.0 kg liveweight per 
day, and in late pregnancy about 0.5 kg liveweight/day. Therefore, the best time to improve 
cow condition is in autumn/early winter. 

In general, for mature cows, an extra 6.0 to 6.5 kg of pasture dry matter is required for 
every 1.0 kg gain in liveweight. Therefore to put 1 condition score on a Friesian cow in 
60 days requires: 

6.0 kg DM for maintenance (per day) 
4.0 kg DM for condition score gain 

Means the cow has to be fed 10 kg DM per day 

To gain 1 condition score in 45 days requires feeding 6.0 + 5.3 = 11.3 kg DM per day 
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1.5.1.2 Feed Requirements of Cows in Milk 

Feed Requirements According to Level of Production 
Table 1.34 shows estimates of the feed quantities required by milkers. Feed M/D value of 11. 

Table 1.34: Feed Requirements of Cows in Milk (no weight gain or loss) 
(figures are kg DM per head per day) 

Cow Milksolids Production per Cow per Day 

Liveweight 0.7kg 1.0 kg 1.4 kg 1.7kg 2.0kg 

370 kg 9.0 11.0 13.5 15.0 17.0 

470 kg 10.5 12.0 14.5 16.0 18.0 

570 kg 11.5 13.0 15.5 17.0 19.0 

Note: No allowance has been made for the demands of pregnancy. This only becomes 
significant from about three months pre-calving. 
An allowance for walking 3 km per day has been included 

Liveweight Loss 
In early lactation, it is common for cows to lose approximately 0.5 kg liveweight per day, and 
to consume less feed than they require (1.0 to 1.5 kg DM less per day) while maintaining high 
milk production. These liveweight losses (immediately after calving) may occur regardless of 
the level of feeding offered to the cow. 
Liveweight Gain 
Later in the season, an additional2.5 to 3.0 kg DM/day would be required to gain 1 condition 
score (about 30 kg liveweight) over a period of 60 to 70 days. This represents a very high 
level of feeding- see Table 1.35. 

Table 1.35: Feed Requirements of Cows in Milk and Gaining 0.5 kg Liveweight per Day 

Cow Milksolids Production per Cow per Day 

Liveweight 0.7kg 1.0 kg 1.4 kg 1.7kg 2.0kg 

370 kg 11.5 13.5 15.5 17.5 19.5 

470 kg 12.5 14.5 16.5 19.0 20.5 

570 kg 13.5 15.5 18.0 19.5 21.5 

Younger cows, in the process of 'growing out' to their mature body-size, will require 
additional feeding through the season to account for the increase in liveweight. It also takes 
more feed to increase the condition score of heifers than it does for older cows. 

Supplementary Feeding of Cows (During the Milking Season) 
If cows are fully fed on good quality spring pasture, then it is unlikely that feeding 
supplements during early lactation will increase milk production. This may be because 
the supplementary feed simply substitutes for pasture. 

Responses to spring supplementation have been obtained in trials, but the cows were 
generally underfed so no substitution (for pasture) took place. 
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High quality supplements, such as grain, may help the cow to maintain a higher peak level 
of production. This is because the high energy levels in grain I concentrate help when pasture 
quality declines through spring (see also Section 1.8.9, page A-163). 

There is some evidence there can be milk production responses from supplementary 
feeding in late lactation, mainly through extending lactation length. Again, in situations where 
cows are fully fed on good quality pasture, it is unlikely that supplementary feeding will 
influence reproductive performance or milk production in subsequent lactations. 

1.5.1.3 'Post-Grazing Pasture Mass' Guidelines for Dairy Cows 
(Residual Dry Matter) 

Recommended residual dry matter levels (the dry matter left behind after grazing) vary 
according to the time of year and are dependent on cow liveweights and milksolids production 
targets. 

As an approximate guide, for a spring-calving herd producing about 320 kg MS per head 
per year, the following figures can be used: 

Residual Dry Matter (kg DM per hectare) 

Spring (earlylactation): 
October: 
Autumn: 
Winter (dry): 

1500 
1800 
1200-1500 
800 - 900 (not allowing for any increase in cow condition) 
1800 - 2000 (allowing for rapid increase in condition) 

1.5.2 Heifer Calf Rearing 

The objective is to have all calves achieve target liveweights, and calve at 24 months of age. 
Colostrum 
Colostrum is important to a calf because it carries the immunoglobulins (antibodies) from its 
dam to help fight infections. It is important that calves obtain two to three litres of colostrum 
in their first six hours. In a recent study it was found that about half of New Zealand dairy 
calves may not receive enough colostrum from their dams even when they are together for 24 
hours. Therefore it is good practice to remove all calves from their dams at six hours of age 
and feed them colostrum (from cows that have calved in the last 24 hours) to ensure they have 
received suffic1ent immunoglobulins. 

By about 24 hours of age, immunoglobulin absorption has ceased, but colostrum is still 
more easily digested by the young calf and protects it by fighting infection in the gut. 
Therefore: it is essential that calves obtain colostrum up to at least three or four days of age. 

Immunoglobulins start decreasing in the milk from the first day after calving until about 
four days (eight milkings) when thereis little. The milk from the second and third day's 
milkings can be stored and fed to calves that are older than 1 day. 
Colostrum management: 

Colostrum can last up to six months if frozen - it can be thawed in a microwave or 
warm water. Do not heat higher than 56°C. 
Adding yoghurt or a fermenter will assist with storage. 
Mix colostrum with warm water (2:1, colostrum:water@ 3JOC). 
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Colostrum quality can be tested with a colostrometer. 
Clean colostrum vats and piping regularly. 
Mix colostrum twice daily. 

Encouraging Development of the Digestive System 
At birth, calves do not have an active rumen. Food they consume bypasses the rumen via the 
oesophageal groove, and travels directly into the abomasum. At this early stage a calf can only 
utilise proteins, carbohydrates and fats when they are provided in a liquid form (e.g., milk) 
that triggers the oesophageal groove. 

As the calves grow and are given access to dry feeds the rumen develops. Therefore, 
before weaning, their rumens must be sufficiently developed to cope with a forage-based diet. 
If the rumen is not developed sufficiently at weaning then they are likely to suffer a growth 
check. Calves given large quantities of milk will have a slower rumen development, primarily 
because the milk satisfies their appetite so they eat less pasture, hay and concentrates which 
must be digested in the rumen. Some rearing systems use concentrates with high fibre content 
to encourage early rumen development and growth of the papillae on the rumen wall. This 
increases the surface area of the rumen and hence its ability to absorb the end-products of 
rumina! digestion. Feeds with high fibre content also initiate rumination which adds extra 
saliva to aid digestion. Consumption of hay increases rumination and increases growth I 
strength of the rumen 'muscle', whereas concentrates increase papillae growth by increasing 
volatile fatty acids, especially butyrate. Two recent studies have indicated that growth rates 
from calves with access to good quality meadow hay were greater than those that had access 
to straw. Chaffing the hay or straw increased growth rate and pellet intake. Care should be 
taken, however, to ensure that calves are not fed too much high quality hay, because it will 
provide energy and thus reduce the appetite for concentrates. 

Immediately after weaning, young calves must have access to high quality pasture and 
concentrates. After adjusting to being weaned, pasture is the cheapest feed available on the 
farm, and as long as the calves were reared well before weaning they will grow adequately on 
high quality pasture alone. 

Outdoor and Indoor Rearing 
The method used to rear the calves has to be simple but effective. 
Outdoor rearing is one of the cheapest and most effective. Some simple rules must be followed 
for the system to work effectively -

Leave the calf with its dam for the first six hours. 
At six hours, remove the calf from its dam and give it two to three litres of colostrum. 
Temporarily house the calves in a draught-free environment, on clean shavings with ad
lib stored colostrum from a calfeteria. 
Give the calves access to calf meal or pellets, plus a roughage (hay or straw). 
When the calf is drinking by itself it can be moved outdoors ( 5 - 14. days) and fed either 
ad-lib on a calfeteria, or twice daily. 
If the weather is wet and cold, or the calves are small, they should stay indoors longer or 
have shelter provided: 
Calves should be grouped in similar ages and sizes. 
Groups should not be greater than 16 - 18 on a 20-teat calfeteria. 
On larger calfeterias, great care should be taken to ensure all calves obtain a drink 
(surveillance at all feeding times is essential). 
Continue feeding calf meal or pellets in bird-proof containers, or feed high quality hay 
(though meal or pellets are best). 

A- 85 



Indoor rearing is a method that is best suited to large scale rearing. A common method is as 
follows, where water and ad-lib straw are available at all times: 

Pens are open sided for maximum ventilation, with one calf to 1.5 square metres. 
Limit numbers to 15 - 20 per pen, to make surveillance of calves easier. 
Assuming the calves have had a good feed of colostrum from their mother, for the first 
four days feed them two litres of stored colostrum. If there is no colostrum available, feed 
them two litres of whole milk plus 3 00 g of a proprietary milk replacer. Allow access to 
concentrate (meal). Over the next week, gradually increase the whole milk powder ration 
to 500 g/calf/day, feeding as a mixture in two litres of water. 
By four to five weeks, and when calves are consuming about 1 kg/day concentrates, stop 
milk feeding. The intake of concentrates should double to 2 kg per day. 
At 10 - 11 weeks, concentrate intake will be about 5 kg/day, plus straw or hay. 
Calves can be put out onto pasture at 10 - 11 weeks, but for the next two to three weeks 
continue feeding concentrate at 2 - 3 kg and reducing. 

1.5.3 Heifer Liveweight Targets and Feeding 

Target liveweights for young stock are relative to the weight they should grow to as mature 
animals. It is important to achieve these targets for all animals and not just the average for the 
group. Failure to meet target mating weights will result in reduced submission rates. 

Table 1.36: Key Liveweight Targets (as a Proportion of Mature Weight) 

Age %of Mature 
Liveweight 

6 months 30% 

9 months 40% 

15 months 60% Mating age 

24 months 90% 

Table 1.37: Heifer Target Liveweights (kg) for Differing Mature Weights 

Age of Heifer (months) 
Mature Weight 

(of Cow) 2.5 6 9 15 24 

400 80 120 160 240 360 
450 90 135 180 270 405 
500 100 150 200 300 450 
550 110 165 220 330 500 
600 120 180 240 360 540 
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Feed Requirements 
The approximate feed requirements of Jersey and Friesian heifer calves I yearlings are as 
follows: 
(Note: Assumes good quality pasture with an M/D value of 11 -see Section 1.1.2). 

kg DM per head per day 
Time of Year 
First summer I autumn (5 - 9 months old) 
Winter I early spring 
Mid spring I summer (14- 17 months old) 
Second autumn I winter 

Feed Quality 

Jersey 
3.0 
3.5- 4.0 
5.5- 6.0 
5.5 

Friesian 
3.5- 4.0 
4.5- 5.0 
6.5 - 7.5 
6.0- 7.0 

Young stock do not have the appetite of older animals, so they need to be offered a large 
allowance of high quality pasture. They must have access to high quality feed at all stages. 
Table 1.38 shows the effect of feeding poor quality feed. A 200 kg animal gaining 0.75 kg/day 
will require 4.5 kg DM/day of high quality pasture, but if the quality drops, then the same 
animal will require 6.2 kg DM/day, an increase of 40 % more DM. As can also be seen from 
the table, the 200 kg animal actually requires 20 % more energy to achieve the same 
liveweight gain. In other words, the energy requirement for this liveweight gain varies greatly 
with the quality of feed offered. In this example, the high quality pasture has an MID value of 
11 (i.e., it contains 11 MJME per kg of DM) and the low quality pasture has an MID value of 
9.5. Most summer pastures have a M/D value ofless than 10, therefore supplementation with 
high quality conserved feeds may be necessary to ensure targets are met. 

Table 1.38: Daily Energy and Dry Matter Requirements of Growing Dairy Heifers 
Aiming for 0.75 kg LW gain per day 
Grazing High or Low Quality Pasture 

Requirements- Energy (MJME/day) Pasture (kg DM/day) 

Pasture Quality* - High Low High Low 

Liveweight 

100 kg 37 47 3.4 5.0 

200 kg 49 59 4.5 6.2 

300 kg 60 70 5.5 7.3 

400 kg 69 79 6.2 8.3 

500 kg 78 88 6.8 9.3 

*Assumes: High quality pasture with an MID value of 11. 0, and low quality pasture with 
an MID value of 9. 5 - see Section 1. 8.1 0, page A -166. 
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Off-farm Grazing 
There are dangers in grazing young stock off the farm. We have all heard of the problems and 
wonder why they occur. The main reason is through the grazier' s lack of understanding of the 
owner's requirements, or the lack of checking to ensure that the stock are meeting target 
liveweights. 

Where young stock are kept on a home farm, the worm burden on the pasture is generally 
low because it is grazed by mature stock. Where young stock are reared off the farm, the area 
is often only grazed by them, or other young stock, so extra care is needed to control the worm 
levels and avoid disaster. 

If your young stock are grazed off the farm, ensure you have a contract which sets 
liveweight targets and includes: 

a sound worming programme, 
a good mating programme that also has enough bulls, 
facial eczema control. 

Then ensure the conditions of the contract are met, by staying in touch. Do not wait until the 
heifers come home to find that the contract has not been met! 

Summary 
Low growth rates in early life will reduce the proportion of animals that start cycling by 
the stmi of mating. Although many will start cycling after the start of mating, these are 
likely to be late calvers. 
Small skeletal size at puberty can lead to an increased incidence of calving difficulties. 
Therefore calves should have attained 30% of their mature liveweight at six months and 
60 % at 15 months of age. 

1.5.4 Estimation of Liveweight of Dairy Heifers 

The liveweights of dairy heifers can be estimated by measuring either (a) around the chest girth 
(the circumference around the chest immediately behind the front legs); or (b) the height of the 
withers/shoulder (the highest point above the front legs). 

One reference* gives estimates which apply to both Jersey and Friesian calves, as follows: 

Girth 
(metres) 

0.85 - 0.87 
1.00- 1.05 

Height 
(metres) 

0.75- 0.76 
0.90-0.92 

Bodyweight 
(kg) 

50 
100 

continued over page 
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For heavier animals, figures from another source** are shown in the table below. Although they 
are intended for use with Friesian heifers#, the figures correspond closely with others* which 
apply to both Jerseys and Friesians (apart from a small discrepancy at the 100 to 120 kg level). 

Girth Height Bodyweight 
(metres) (metres) (kg) 

1.03 0.896 120 
1.12 0.949 140 
1.19 0.987 160 
1.25 1.018 180 
1.31 1.046 200 
1.36 1.071 220 
1.41 1.093 240 
1.45 1.114 260 
1.48 1.124 270 
1.50 1.134 280 
1.54 1.152 300 
1.59 1.170 320 
1.62 1.187 340 

*Milk Production From Pasture (1984) Holmes, C.W. and Wilson, G.F. 
**Estimating the Body-Weight ofFriesian Heifers (1980) Fulkerson, W.J., in Journal of 

Agriculture, Tasmania Vol. 51 No.4. 
# Friesian Heifers: Not pregnant, condition score about 4.0 

1.5.5 Herd Replacement Rate 

Replacement rate is defined as the percentage of heifers in the herd when cow numbers are at 
their peak during lactation. A few extras may need to be reared to allow for calving losses. 
The ideal replacement rate will "maximise the number of cows in the four to nine year old 
bracket in herds, while minimising the nuinber oftvvo-year olds needed to be brought into the 
herd". 

Table 1.39: Possible Target Age Structure for a Herd 
(% of Herd for each Age Group) 

Age (years) 2 3 4 5 6 

%of herd 18 16 13 12 11 

7 8 9 10+ 

9 8 7 6 

New Zealand dairy cows have an average life of 4.5 lactations, thus requiring a replacement 
rate of22 %. Ifthe average life of cows is only 3.5 years then a replacement rate of close to 
30 % is required. There has to be a focus on minimising the number of 'involuntary' culls to 
make substantial productivity gains. An involuntary cull is a cow that calll).ot be used the 
following season because of its death, failure to get in calf, disease or injury (see over page). 
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Table 1.40 shows the typical reasons for culling cows from New Zealand herds. This shows 
that, commonly, there is 19% ofthe herd culled 'involuntarily'. If20% replacements are 
reared, only 1 %of the herd can be culled on production, therefore the genetic improvement 
of the herd will be slow. 

Table 1.40: Typical Culling Reasons for New Zealand Herds 

Reason %culled 

Mastitis 4 

Empties 8 

Lameness 1 

Disease 1 

Deaths 4 

Misadventure 1 

Total 19 

1.5.6 Dairy Cow 'Body Condition Score' 

On the following pages, photographs of Jersey and Friesian cows with differing condition 
scores have been provided (source: Dexcel). 

A cow's body condition score is an assessment of its 'body fatness'. It may be assessed 
visually, by inspecting the hind quarters of the cow from behind the animal, or by feeling the 
amount of body fat over the backbone, hips, ribs and around the base of the tail and the 
prominence ofthe pin bones. The thighs and short ribs (loin) are also assessed for 'fatness'. 
Each animal is given a score, based on a ten point system in which 'I' represents a severely 
emaciated cow, and '1 0', a grossly obese animal. 

Key examination areas for assessing cow body condition score 
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Jersey Cow Body Condition Scores 

Notice the three prongs of the pin 
bones and the 'V' appearing at the 
tail-head. 

Notice the individual prongs 
of the pins are less obvious and the hips 
are less angular than BCS 3.0 

Notice that the line between the hips 
and the backbone is nearly flat, the area 
around the tail-head is filled in and the 
hips are rounded. 



Friesian Cow Body Condition Scores 

Notice the three prongs of the pin 
bones and the 'V' appearing at the 
tail head. 

Notice the individual prongs of the pins 
are less obvious and the hips are less 
angular than BCS 3.0 

Notice that the line between the hips 
and the backbone is nearly flat , the 
area around the tail head is filled in and 
the hips are rounded. 



Many studies have shown that BCS influences both productive and reproductive performance. 
An increase of 1 BCS (from, say, 4 to 5) has been shown to increase production by 15 kg of 
milksolids per cow per season (mostly in spring). Increased BCS will also reduce the number 
of anoestrus cows in the herd at the planned start of mating, give increased days in milk, and 
minimise animal health problems. 

It is important that cows are in adequate body score condition at calving. This is ideally 5.0 
to 5.5 for mature cows and 5.5 to 6.0 for heifers. If heifers are not fully grown, and are in poor 
condition at calving, they will have difficulty maintaining adequate condition after calving. 

Ideally, cows need to be in 'calving condition' by the end of May. For a Friesian cow it 
takes 240 kg DM over and above maintenance requirements to achieve a 1 BCS increase. 
Therefore it will take 60 days to gain 1 BCS when feeding an extra 4 kg DM/cow/day (see 
Section 1. 5.1.1, page A-82). Time-lines for drying-off in order to maintain ideal BCS 's are 
vital. These guidelines need to take into account the locality and stocking rate, to ensure that 
sufficient time is available for the cows to reach target BCS. 
Key Information 
• One body condition score (BCS) equals approximately 25 kg liveweight in Jerseys and 40 

kg in Friesians. 
• 1 BCS gain costs approximately: 150- 160 kg ofDM for Jerseys. 

240- 260 kg ofDM for Friesians. 
• To gain 1 BCS, dry cows should be fed like milkers for five to six weeks. 

1.5. 7 Drying-off Milking Cows 

1. 5. 7.1 Introduction 
The question that has to be asked is, when should a cow be dried-off? 

Cows that maintain sufficient body condition and milk production can be milked until 50 
days (7 weeks) prior to their expected calving date. Milking for longer than this results in 
insufficient dry time, which can detrimentally affect the subsequent lactation. 
Plans for the drying-off date should therefore allow for: 

Calving date. 
Low cow body. condition score. 
Milk production ofless than 5 litres/day. 

Table 1.41 shows the minimum body condition score allowable (before drying-off) for 
individual cows for a high stocked farm in the Waikato. These figures should be adjusted for 
other regions, to account for different pasture growth rates and calving dates. 

Table 1.41: Minimum Drying-off BCS for Individual Cows (Waikato) 

Minimum Body Condition Scores 

Cows Heifers 

Early March 2.5 3.0 

Start April 3.5 4.0 

End April 4.0 4.5 

Mid May All All 
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The information below indicates the herd criteria for drying off, taking into account the BCS 
of the herd as a whole, and the level of milk yield. As with the table above, these figures are 
for a high stocked farm in the Waikato, so they should be adjusted for other regions to account 
for different pasture growth rates and calving dates. 

Herd Criteria for Drying-off (Waikato) 
Third Week of March 

1.5.7.2 

If milk yi~ld is 5 litres/cow/day or less for two consecutive weeks. 
If more than half of the herd have a BCS of3.0 or less. 

First Week of April 
If milk yield is 5 litres/cow/day or less for two consecutive weeks. 
If more than half of the herd have a BCS of 3.5 or less. 

Third Week of April 
If milk yield is 5 litres/cow/day or less. 
If more than half of the herd have a BCS of 3.5 or less. 
If the BCS average for the herd is less than 3.75. 

First Week of May 
If milk yield is 5 litres/cow/day or less. 
If more than half of the herd has a BCS of 4.0 or less. 
If the BCS average for the herd is less than 4.0. 

Drying~Off, and Mastitis Prevention and Treatment 

At drying-off, it is essential to ensure that the teat canal is sealed rapidly after milking ceases. 
As an important barrier to infections, a keratin plug forms in the teat canal after drying-off. 

Mastitis Prevention Strategies . Treatment of Dry Cows 
Treat Whole Herd with Antibiotics 
Treat all quarters of all cows to deal with pre-existing infections and prevent new ones 
occurring. Obtain advice from your veterinarian as to the type of antibiotic to use. See 
'After Drying-off, over page. This option is best if the herd has a relatively high level of 
clinical mastitis or high Bulk Milk SCC (see over page). 
Use of "Teatseal®" 
An alternative to treating all the cows with antibiotics, is to treat only the infected cows 
with antibiotics, and use "Teatseal®" on the remainder of the herd. "Teatseal®" can be 
used on the 'uninfected' cows in the herd. These are the ones that have an average 
individual cell counts below 150 000 for cows and 120 000 for heifers, and have had no 
mastitis during the current season. 

Possible actions: 

Before Drying-off 
A short period (seven days) of once-a-day milking before dry-off. 
Reduce feeding levels over the last three days of lactation to lower milk output (but do 
not starve the cows or restrict water supply). 

At Drying-off 
Dry cow antibiotics or teat seals can be used (as above). 
Treat all four quarters. 
Care must be taken to ensure the teats are aseptic when administering, so as to not 
infect the cows. Scrub teat ends with 70% alcohol soaked cotton wool, teat wipes or 
spray with alcohol spray and wait until dry. 
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Only partially insert the antibiotic or "Teatseal®" tube into teat canal to avoid damage 
to the teat sphincter. · 
Gently massage antibiotic up into the quarter (but not the "Teatseal®"). 
Teat spray thoroughly. 

After Drying-off 

1.5.8 

For first week, keep cows on maintenance rations of feed. 
Once a week, for at least four weeks, run the cows through the dairy: 
· Check for mastitis by palpating all cows quarters. 
· Teat spray thoroughly. 
- Identify and treat cows that have mastitis. Use a 'lactating cow' antibiotic. Note: 

'dry cow' antibiotics should only be used on cows that are clear of infection). 
Cows known to have mastitis will need at least daily stripping (twice daily if possible) 
of infected quarters. 
Keep accurate records. 
Be aware of the withholding period for the antibiotic used. 

Somatic Cell Counts in the Milking Herd 

Somatic Cell Count (SCC) 
Somatic cells can always be found in milk. They are white blood cells that are there to fight 
infection in the udder, and also include a small number of epithelial cells. Because mastitis is 
an inflammation of the gland, cows with mastitis generally have a higher sec. 

Somatic cell counts are expressed as the number of somatic cells in a millilitre (ml) of 
milk. Cows that have never had mastitis will normally have 'counts' of20 000 to 
100 000. Cows that have had mastitis, or are still infected, have counts higher than 120 000 
(heifers) and 150 000 (cows). 

The somatic cell count varies over a season and it tends to rise towards the end of 
lactation. The countincreases following calving for several days before dropping to normal 
levels. Short-term rises can be in response to stress factors such as under-feeding and being on 
heat. These rises are normally more noticeable in cows with mastitis. 

The Bulk Milk Somatic Cell Count (BMSCC) is the somatic cell count of milk in a vat. It 
is a good measure of rriilk quality, and can indicate the proportion of cows infected in the 
herd. Table 1.42 provides a general indication of the percentage of infected cows in a herd 
(clinically or sub-clinically). 

Table 1.42: Indication of the Percentage of Infected Cows in a Herd 

Bulk milk somatic cell count Estimated % of herd infected 

100 000 20 

500 000 45 

900 000 55 
Source: Massey University 

Individual cows that have an infection can be identified during the season when they are herd 
tested. 
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At Calving 
Newly calved cows should be checked at each milking for clinical signs of mastitis, by 
examining the fore-milk of each quarter. 

1.5.9 Farm Dairy Hygiene and Safety 

MAF has new standards (2002) that will be a check to ensure that the product received is safe. 
These standards will be incorporated in dairy companies' product safety plans (PSP). 

Dairy companies will require on-farm recording. Typically, companies require that farm 
dairies are kept clean and tidy to eliminate odours, airborne contamination and pests that 
could affect milk quality. Results of a weekly sanitation check must be recorded. So must all 
repairs and maintenance to the shed, including milking plant and vat or silo. 

Milking machines must be tested annually by a registered tester, and vacuum checked 
monthly. The results of milking machine efficiency checks must be filed. 

The shed surrounds and tanker loop must be tidy with no water ponding, rank growth or 
litter. 

The PSP will not allow, within 45 metres of the milking area, the following: 
Effluent ponds, offal holes, dead animals, whey pits, silage pits or balage. 

They do not allow within 20 metres: 
Feeding pads, hay barns, livestock housing, loafing barns, dog kennels. 

Every farm dairy must have an adequate supply of water of sufficient quality to ensure milk 
remains safe. Water must be tested for faecal coliform and turbidity. 

If the farmer has a communicable disease they should not milk. 
A record must be kept of all milkers at the dairy, and any relief milker must follow the 

farm's set procedures. 
Before milking starts, the milk temperature in the vat I silo should be below 7°C, and it 

must be cooled to 7°C or lower within three hours of milking. Milk entering the vat I silo 
should be l8°C or lower. 

Handling of Treated or Sick Cows 
Cows that have been treated with an inhibitory substance should be milked separately from 
the main herd. The farm must have a documented system to ensure that milk from treated 
cows does not pass into the vat I silo. 

Milk that has been withheld must not be fed to stock that will be slaughtered within 28 
days. 

Documentation 
The farm must have documented: 

Use of teat sprays 
A dairy cleaning routine 
Stock treated, remedy used, and day of return to vat 
Details of withheld milk 
Mastitis measures for drying-off 
Details of all antibiotics, animal remedies and chemicals used on the farm. 
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1.5.10 Milk Matters 

1.5.10.1 Definitions of Milk Products 

Milksolids (one word) are the valued solid components in milk - at present it is milkfat and 
protein. Therefore, milksolids is simply the milkfat and protein production added together. 
Example: 
Total farm production of 30 000 kg milkfat 

22 000 kg protein 
52 000 kg milksolids 

Milk solids (two words) are all the solid components in milk, i.e., milkfat, protein, lactose and 
minerals. 

Colostrum is the milk produced by a newly calved cow. Milk from newly calved cows must be 
withheld from the vat for four days (eight milkings), and for five days (ten milkings) for 
heifers. It is generally recommended that newly calved cows are run as a separate mob. 

1.5.10.2 Milk Quality Tests 

The standards required by differing companies may vary, but they use similar tests. 
Sense: A sample of the milk is smelt, tasted and looked at to identify any contaminants, such 
as blood, chemical and feed taints. 
Inhibitory Substances: A sample of the milk has 'standard' bacteria added to it, to identify the 
presence of inhibitory substances. If they are present the bacteria will not grow. 
Inhibitory substances can be antibiotic residues in the milk from mastitis or animal health 
treatments. It is important that the correct with-holding period for milk is observed. 
Standard Plate Count I Bactoscan: This test assesses the number of live bacteria in the sample 
of milk, on an agar plate. The test generally takes three days, but some companies use a 
quicker bactoscan test by counting in a machine similar to a cell counter. Grading and 
problems are due to poor hygiene and plant washing. 
Thermoduric Bacteria Count: This test gives a measure of the number of bacteria that survive 
pasteurisation, at 72°C for 15 minutes. Grading generally indicates a hygiene problem. 
Coliform Bacteria Count: This is a measure of the coliform bacteria. These bacteria are 
associated with dung ar{d contaminated water. 
Somatic Cell Count {SCC): This is a measure of the white blood cells in the milk. White blood 
cells can always be found in milk. They are there to fight infection in the udder, and when an 
infection occurs the number of white blood cells rises dramatically (see also Section 1.5.8). 
Sediment: This is a measure of the amount of sediment in the milk made up from soil, dung, 
hair and skin, etc. 
Colostrum: This test is performed to ensure that the bulk milk does not contain milk from 
cows that have had less than eight milkings after calving. Colostrum creates manufacturing 
problems. 
Freezing Point: This test indicates whether water has been added to the milk to increase 
volume. 
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Table 1.43: Typical Raw Milk Quality Tests in New Zealand 

Test Minimum Standard Demerit 
Frequency Points 

SPC or Bactoscan Three per month Less than 50 000 0 
50 000- 100 000 1 
100 000 - 500 000+ 2-5 

Thermoduric plate count One per month < 1500 per ml 0 
1500- 4990 1 
5000- 14990 2 
15 000+ 3 

Coliform plate count One per month < 1000 per ml 0 
1000- 1990 2 
2000+ 3 

Organoleptic (senses) Three per month, Per MAF standard 0-3 

plus visual 

Cress As required 5 

Sediment One per month Per MAF standard 0- 3 

Colostrum Three per month at 1.3 5 g/1 or less 0 
start of season over 1.35 g/1 3 

Inhibitory substances Three per month < 0.003 IU/ml 0 
0.003 - 0.006 IU/ml 13 
0.006 - 0.03 IU/ml 20 
0.03 + IU/ml 25 

Freezing point Daily computer scan 3 

Somatic cell count (SCC) Per consignment < 400 000 0 
400 000 - 499 999 5 
500 000 - 599 999 11 
600 000+ 14 

Note: The above criteria may change from time to time and may vary between companies, 
so check with your own company for details. 

1.5.11 Breeding Matters 

1.5.11.1 Measures Used To Evaluate Dairy Cattle 

Breeding Worth (BW) 
"Breeding Worth is the expected ability, on average, of an animal or herd to breed 
replacements which are efficient converters of feed into profit". Along with the breeding 
worth (BW), the reliability of the evaluation is calculated. The higher this value, the more 
reliable the BW is expected to be - see below. 

A cow, bull or herd with a BW of 48 is expected to generate progeny which will earn an 
extra $48 per year, per 4.5 tonnes of dry matter (DM) consumed. They will do this by being 
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more efficient converters of feed into profit, above the base of 0 (which is the measure of an 
'average' New Zealand cow in 1985). 
Production Worth (PW) 
Production Worth is the expected life-time ability of a cow or herd to convert feed into profit. 
Again there is an associated reliability value (see below). A cow or herd with a PW of 48 
would be expected to generate an extra $48 profit per year per 4.5 tonne DM, over her 
lifetime, above the base of 0. 
Lactation Worth (LW) 
Lactation Worth is the expected ability of a cow to convert feed into profit in a particular 
season. A Lactation Worth of 48 means that the cow will generate an extra profit of $48 per 
4.5 tonne DM in the current season, above the base ofO. 
Breeding Value (BV) 
The Breeding Value is the genetic merit of an animal, for individual traits, relative to a base 
cow of 0 (born 1985). A Breeding Value of+ 10 kg protein indicates that the bull will have 
daughters that are genetically superior by 5 kg of protein per lactation above a base cow (a 
bull can pass on half of its BV, on average, to offspring). 
Reliability 
The reliability value is an estimate of how accurate the data will be. A bull having several 
thousand recorded daughters will have a reliability in the order of 95 %. Whereas a bull with 
only 65 daughters will have a reliability of approximately 80 %. 

If a bull has an estimated BW of 100 and a reliability of 95 %, then that the actual BW 
could be as low as 85 or as high as 115. If the bull's reliability was 80 %, then the actual BW 
could be anywhere between 70 and 130. 

The reliability estimate of a cow is also based on family information, e.g., dam, grand-dam 
and siblings. So cows with a large number of relatives that have been recorded will have a 
higher reliability. 
Longevity 
Longevity is the genetic merit of an animal for days of herd life, from calving until completion 
of milking life. A longevity breeding value of +200 days indicates the bull's daughters are 
expected to last 100 days longer than a base cow (a bull can pass on half of its breeding value 
to offspring). 

1.5.11.2 Making Use of Animal Evaluations 

The considered correct use ofBW, PW and LW evaluations in making decisions on breeding, 
culling, buying and selling, are in the following table: 

BW PW LW 
Breeding Yes 
Culling Yes 
Buying I Selling Yes Yes 

Breeding Worth, Production Worth and Lactation Worth for different animals can be 
compared across all ages, sex, breeds, herds and seasons. For example, a cow with a PW of25 
in one herd is expected to be equally as profitable and efficient as a cow with a PW of 25 in 
another herd, given the same opportunities (based on 4.5 tonne DM consumed). 
The Effect of Pay-out on Evaluations 
Breeding Worth and Production Worth are based on future price predictions for milk 
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components, while Lactation Worth is based on predicted end-of-season prices. 
Production I Evaluation Comparisons 
Production differences between cows can occur for many reasons, including differences in 
herds, age, days in milk and season of calving. Estimates of BW and PW take these factors 
into account when measuring the differences between cows. 
Liveweight 
Liveweight is now used to measure the efficiency of dairy cows. Big cows can have lower 
evaluations than smaller ones if their extra production does not outweigh their extra 
maintenance (feed) cost, and smaller cows can have higher evaluations if they are producing 
well relative to their body size. 
No Liveweight Records: A cow with no liveweight record on herself receives a liveweight 
estimate based on recorded rehtives. If in reality this estimate is vastly different from the 
cow's actual size compared to her herd mates, her evaluation will give an inaccurate ranking. 
Weighing the cow will increase the reliability of the liveweight evaluation. 
Ancestry and Progeny Records 
An animal's Breeding Worth is strongly influenced by ancestry and I or progeny records. If a 
cow has ancestors or progeny performing at a different level to herself, her evaluation can be 
at apparent odds with her own performance. This is because the information on relatives, 
particularly progeny, provides a good measure of an animal's own genetic merit. Production 
Worth is less affected by information on relatives. 
Calving Difficulty Breeding Value 
The calving difficulty breeding value gives an indication of which bulls are likely to cause 
more frequent calving problems. It is reported in terms of the percentage of assisted calvings 
expected when a bull is mated to yearling heifers. The average calving BV of sires born in 
1985 is set at zero, so the higher the BV the higher the expected percentage of assisted 
calvings. Calving difficulty BVs are published in the Dairy Sire Summary, available from the 
Animal Evaluation Unit, LIC, Hamilton. The BY's are also available on the AE website at 
www.aeu.org.nz 
Fertility Breeding Value 
The fertility BV was incorporated into BWs from mid-2002. It represents the ability of a cow 
to get in calf during the AI period. Weighting in the BW will be based on the estimated dollar 
value of achieving this. 

1.5.11.3 Breeding Management Terms and Guidelines 

Tail Paint 
Tail painting is the practice of painting a strip of paint along a cow's tail-head, so that when 
the cow is mounted by another, the paint is disturbed and rubbed giving an indication that the 
cow is on heat. It is a cheap and effective aid to identifying cows on heat. 

When cows have been identified as being on heat they can then be repainted with a 
different colour to make it easier to identify unmated cows. Therefore, start by using red, then 
change to yellow and then green. 
Planned Start of Mating (PSM) 
The PSM is the chosen date to start mating the herd. The average gestation period of a dairy 
cow is 282 days, therefore all cows must be mated 80 to 85 days after calving, to maintain a 
365 day calving interval. 
Planned Start of Calving {PSC) 
The PSC is the chosen date for the herd to start calving. It is simply 282 days after the PSM. 
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Submission Rate (SR) 
The SR is the proportion of the herd that is submitted for mating in either the first 21 or 28 
days after PSM. When discussed, the number of days used in the calculation should be stated, 
i.e., SR21 or SR28. Typically a figure of 90 - 95 %for SR21 is required to ensure that a 365 
day calving interval is achieved. To achieve this, there needs to be 4- 5% of the herd 
submitted each day for mating. The calving spread through the spring prior to mating will 
have a major impact on this. 'Late' cows that have calved within 40 days ofPSM are less 
likely to cycle in the first three weeks to contribute to a SR21. Table 1.44 indicates the 
percentage of cows that need to be submitted for mating to achieve target submission rates. 

Table 1.44: Percentage of Cows to be Submitted for Mating 

Percentage Days* 

30-40 7 

60-65 14 

90-95 21 

95+ 28 

* Days from start of mating 

Conception Rate (CR) 
The CR is the proportion of cows in the herd that conceive at their first mating. Typical targets 
are 60% for the first 3 weeks and 90% for the first six weeks of mating, respectively. 
Empty Rate 
The empty rate is the proportion of all cows put up for mating that do not become (or stay) 
pregnant. Most people use the final pregnancy diagnosis in winter as their reference. Typically 
the empty rate for New Zealand herds is 7 - 8 %. 
Calving Spread 
The calving spread is a function of the SR and CR for the previous mating period. The higher 
the SR and CR, the more condensed will be the calving spread. In New Zealand herds, the 
typical period from PSC to when 50% of the herd has calved, is 22 days. An optimal calving 
spread is shown in Table 1.45. 

Table 1.45: Optimal Calving Spread (Days from Planned Start of Calving • PSC) 

Days from PSC 

PSC to 50% of 15 
herd calved 

PSC to 75% 32 

PSC to end 63 (9 weeks) 

Non-Return Rate (NRR) 
The NRR is the proportion of cows in the herd not returning to heat after mating. The NRR 
can be calculated after the first three weeks of mating, but often a 49-day NRR is used (from 
the seven week AI period). Target NRR should be 75% (in 21 days) for cows mated to a 
spontaneous (natural) oestrus only. A high NRR will not give a high CR unless there was at 
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least a 90% SR (in 21 days). This is because the NRR could include cows that are not in calf. 
CR is about 10 % less than NRR. 

If using NRR with anoestrus cows that have been treated to cycle, then it should be at least 
50 % for a 49-day period, otherwise there may be a problem with the response to anoestrus 
treatment. 
Anoestrus 
Cows generally have a period of anoestrus (non-cycling) after calving - see guidelines below. 

General Guidelines 
Anoestrus, or non-cycling, and poor heat detection are the main causes of reproductive failure 
in New Zealand herds. To maintain a concentrated calving pattern, non-cycling cows must be 
accurately identified and treated so that all cows are cycling normally at the plarmed start of 
mating (PSM) or within 30 - 40 days of calving if late calvers. Factors that can contribute to 
anoestrus are age, breed, body condition score at calving and feeding level after calving. 
Cows to watch are: 

Young cows, particularly Friesian first calvers, which take on average 10 days longer 
to start cycling than older cows. 
Friesians ( 42 days) take longer than Jerseys (35 days). 
Cows that calve in lower body condition score. 
Cows that are poorly fed after calving. 

Recommendations 
Non-cycling cows must be accurately identified at least one week before the plarmed start of 
mating. Cows should be tail-painted four to five weeks before the plarmed start of mating 
(PSM), then checked one week before PSM. Cows with undisturbed paint should be put up 
for veterinary inspection. A CIDR is one possible treatment the vet may use for treatment of 
anoestrus. At the end of three weeks mating all cows that have not been mated should be 
checked by a vet. 

Mating of the herd should continue for 12 weeks after the PSM. Tail painting should 
continue to be used as an aid to heat detection. Grazing management must ensure that the herd 
is well fed prior to and during the mating period. 

To help counteract the longer anoestrus period of Friesian heifers after calving, they could 
be mated (as yearlings) one week earlier than the cows. 

Bulls 
Bulls are usually run with the herd after the insemination period. Bulls can typically be with 
the herd for four to five weeks. It is important that these bulls are fertility checked by a vet one 
week prior to their entering the herd. A number of bulls should be run with the herd, not just 
one by itself. Run one bull per 12- 15 heifers (non AI) and one per 75 cows after AI. If the AI 
period is only four weeks, then it is possible only half the cows will be in calf, so more bulls 
will be required than if AI is used for seven weeks. 

Pregnancy Test 
Cows should be pregnancy tested to ensure that an adequate number of cows are in calf. This 
can be done by a veterinarian in batches through the mating period by the use of ultrasound 
(scanning) or manual palpation. Often about 14% of the cows believed to be in calf will 
return to oestrus, so early pregnancy testing by ultrasound will identify these animals early. 
Dating a pregnancy is most accurate when the foetus is between 30 and 90 days. The first visit 
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from the veterinarian should I could be 30 - 60 days after mating starts, and the second visit at 
least 30 days after the bull has been removed. Having the herd tested in batches has the 
advantage that it provides confirmed records of how many are in calf, before mating for the 
season has ended. Scanning early also has the advantage that problems are identified early, 
allowing remedial action to be taken early. 

Summary 
• Mating targets are as follows: 

- 95% of herd submitted in the first four weeks of mating. 
100 % submitted within seven weeks of PSM. 

- 90% in calf within seven weeks ofPSM. 
• Calve cows in at least a 5 body condition score. 
• Grow young stock to recommended target liveweights. 
• Tail paint the herd four weeks prior to the PSM. 
• Veterinarian check non-cyclers one week prior to PSM. 
• Continue to tail paint through the mating period. 
• Veterinarian to check non-cyclers three weeks after PSM. 
• Check bull fertility. 
• Re-paint the tails of mated cows. 
• Pregnancy test the herd early as it gives time to deal with any problems. 
• Pregnancy test again six weeks after the bulls have been removed. 
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1.5.12 Dairy References, Further Reading and Web-sites 

The Editor gratefully acknowledges the contribution that K. MacDonald (Dexcel, Hamilton) 
made in providing much of the data for this section on Dairy Cattle Management and Feeding. 
The following sources of information were referred to during the compilation of this section: 

Farm Facts. Produced by Dexcel, these can be down-loaded from the 'web'. See their web
site address, below. 

Planned Mating Management 
Calf Rearing 
Recommended Liveweights For Young Stock. 
Tail Painting 
Understanding Milksolids 
Feed Requirements of Dairy Stock 
Feed Requirements of Milking Cows 
Feed Requirements of Dry Cows 
Somatic Cell Counts (SCC) 
How to use Somatic Cell Count Information 

(No. 1-3) 
(No. 1-4) 
(No. 1-6) 
(No. 1-10) 
(No. 2-1) 
(No. 5-18) 
(No. 5-22) 
(No. 5-23) 
(No. 8-1) 
(No. 8-2) 

AgFacts. Produced by AgResearch, these can be down-loaded from the 'web'. See their web
site address, below. 

Feed Requirements of Dairy Cows 
Understanding Milk Quality Standards 
Feed Intake Tables for Dairy Stock 
Planning a Successful Dairy Cattle Mating Progranune 
Feeding and Managing Dairy Heifers 
Calf Rearing 

Feed to Succeed- Heifer Rearing. NRM Occasional booklet. 

(No.l63) 
(No.l92) 
(No. 216) 
(No. 223) 
(No. 233) 
(No. 234) 

Managing Mastitis ~A Practical Guide for New Zealand Dairy Farmers (3'd Edition). 
Livestock Improvement. 

Milk Production .from Pasture (Holmes, C.W., Brookes, I.M., Garrick, D.J., Mackenzie, 
D.D.S., Parkinson, T.J., and Wilson, G.F.). Massey University (2002). 

NZ Dairy Exporter. 
SAMM- Seasonal Approach to Managing Mastitis. Livestock Improvement (200 1-2002). 

Web-sites 
www.aeu.org.nz 

Animal Evaluation Unit of the Livestock Improvement Corporation 
www.dexceLco.nz 

Dexcel 
www.lic.co.nz 

Livestock Improvement 
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1.6 

1.6.1 

DEER MANAGEMENT AND FEEDING 
(Contributed by K. Drew, 137A Shetland St., Dunedin) 

Introduction 

Deer are not just big sheep or small cattle! They are strongly seasonal in their physiology with 
day-length being fundamental to reproductive cycles, body growth, antler development and 
even coat shedding and growth. 

While deer, like sheep and cattle, are ruminants they are able to cope with a wide range of 
plants including browse from trees and shrubs as demonstrated by feral deer survival in the 
mountain country ofNew Zealand. Given the opportunity, however, deer will graze on 
grassland as a first preference. Weight-for-age performance from farmed deer is generally 
superior to that shown by feral deer. 

Deer can handle all feedstuffs that are suitable for sheep and cattle with the comment that 
very poor quality roughage such as straw or low quality hay will largely be wasted by deer 
and turned into bedding material. The high feed intake demonstrated on legumes and herbs 
(such as chicory) by deer, when compared with ryegrass I white clover, has been shown to be 
mainly due to the very rapid rate of passage of food down the gut. 

In good feed conditions, mature hinds will lay down fat reserves. They will lose this condition 
during periods of under-feeding, especially if it occurs during lactation. Stags, on the other 
hand, have extremely seasonal levels of body fat. Irrespective of feed offered in the autumn, 
stags will lose most of their condition during the mating period which makes them very 
vulnerable to under-feeding in winter. On the other hand, spectacular growth is seen in late 
winter I early spring if quality feed is provided. Young deer have very seasonal appetites in 
which there are potentially high growth rates in spring I summer and lower growth in winter. 

There is some general confusion about the terms 'Wapiti' and 'Elk'. The terms are 
interchangeable but 'Wapiti' is the more correct word for the large animal originally from 
North America and, along with Red deer, is part of the Cervid family. While there is some 
common usage in New Zealand of the word 'Elk' to mean imported animals from Ccu'lada 
and their progeny, this text will only use the term 'Wapiti'. 

Strictly speaking, Red deer have calves and Fallow deer have fawns and although 'fawns' is 
now common terminology for the young of Red deer, this section will use the term 'calves' 
for all deer offspring. 
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1.6.2 Hind Feeding and Body Condition 

1.6.2.1 Seasonal Feed Requirements 

Table 1.46 shows the seasonal feed requirements of hinds, covering the range of breeds from 
Red deer to the large Canadian NV apiti. The assumption is made that the pasture is of good 
quality, with an MID value of 11 (see Section 1.1.2, page A-3). 

Table 1.46: Feed Requirements of Mature Hinds 

Feed Requirements (kg DM/head/day) 

Breed Liveweight in Winter Spring Summer Autumn 
Winter 

Red 100 kg 2.4 2.5 4.5 2.5 

Wapiti I Red 160 kg 4.2 4.6 7.7 .4.4 
Hybrids 

Canadian 220kg 5.6 6.1 10.9 5.8 
Wapiti 

In the case of all three of the breeds or genotypes, feed requirements are similar for the 
seasons of autumn, winter and spring but summer feed requirement goes up dramatically. 

Figure 1. 2 6 shows the typical seasonal pattern of pasture growth and the daily feed 
requirement of hinds, based on a stocking rate of 6.5 hinds per hectare. It is clear that 
supplementary feeding (including autumn saved pasture) is necessary in winter, that spring 
pasture growth is greatly in excess of hind requirements and that hind requirements exceed 
pasture production in summer. Summer feeding is also discussed in Sections 1. 6.2.2 (over 
page) and 1.6.5.3 (page A-114). 

Figure 1.26: The Annual Feed Requirements of Breeding Hinds, in Relation to a Typical 
Seasonal Pattern of Pasture Growth 
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1.6.2.2 Feed Requirements for Lactation 

Since deer have their young in late spring I early summer their feed requirements for lactation 
are high during the summer. 

High weaning weights are a function of high milk production which itself reflects feed 
quality. Scottish work shows that improved pasture, when compared with heather as forage 
ten to twelve weeks after calving, gave almost double the milk production and calf liveweight 
gain. (Differences were much less in early lactation because early spring growth in heather, 
rather like browntop, is surprisingly high in energy). In summer-dry areas of New Zealand, 
poor lactation will be common unless high quality supplements such as grain are fed. 

Table 1.47: Feed Quality and Hind Milk Production 

Milk Yield (kg/day) Calf Growth Rate (g/day) 

Days after Improved Heather Improved Heather 

Calving Pasture Pasture 

0. 20 1.9 1.6 400 370 

40.60 1.9 1.3 360 260 

80. 100 1.2 0.7 350 185 

(from Loudon and Milne, 1985) 

1.6.2.3 Weaning to Mating (see also Section 1.6.5.2, page A-113) 
Where calves are weaned pre-mating, there is a period of only a few weeks in which to 
improve the feeding of hinds before putting out the stag. This period can be critical because 
hind condition is often low, due to a dry summer and feeding a calf. 

Body condition scoring is of real value. The body condition scoring system (BCS) rates 
hinds on a 0 - 5 scale, with 0 being very poor and 5 being very fat (see Section 1. 6. 4, page 
A-ll 0). A BCS score of at least 3 is needed at mating. If hinds are being weaned in early 
March with a BCS ofless than 3, preferential feeding on good pasture and I or a grain 
supplement is important until the stag goes out in late March. Hinds with a BCS of less than 3 
will show a delayed mating date of about five days when compared with those with a BCS 
greater than 4. 

1.6.2.4 Mating to Calving 
Body condition loss should be avoided during the mating period and increasing BCS of very 
poor hinds (less than 3) during the mating period will have a beneficial effect on reproductive 
rate. 

After the mating period and through the winter, hinds can be fed maintenance rations of 
short or mature pasture, hay or silage. If they have a BCS of 4 or more then it is safe for them 
to lose half a condition score during the winter without detriment to performance. 

Since late pregnancy is in springtime it is not difficult to feed hinds well at that time. A 
balance needs to be established between luxury feeding on lush spring grass (which may 
produce over-fat hinds at calving) and severely restricted feeding (to avoid over-fatness). 
Recent research suggests that good feeding in late pregnancy probably has more benefits in 
terms of earlier calving and good udder development, than disadvantages from the risk of 
calving difficulties. 
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1.6.3 Improving the Reproductive Efficiency of Hinds 

1.6.3.1 Introduction 
Reproductive efficiency (sometimes called calving rate), or weaning percentage, refers to the 
number of hinds mated which successfully wean a calf. Performance among herds ranges 
from 70% to 95% in mixed age (MA) hinds and from 40% to 90% in rising two year old 
hinds (R2YO). Every farmer should have information from their own farm to know their 
reproductive efficiency figures. 

In the mixed age herd, all hinds should have calved by the end of December and the vast 
majority by Christmas. This means putting the primary stags out in early March, withdrawing 
those sires and replacing them with 'chasers' in mid April and removing all sires by 10 May. 

It is a bit different in R2YO hinds which tend to cycle about two weeks later than the 
mixed age ones, requiring sires to remain with the group for an extra reproductive cycle of 18 
days (removal of stags by the end of May). 

Calving in January- February should be avoided in the interests of whole herd 
management. 

Three areas of concern in reproductive efficiency: 
• Conception rate - has there been a successful mating? 
• Conception loss- has the calf been lost before calving? 
• Calf lost between birth and weaning. 

1.6.3.2 Conception Rate 
• ForMA hinds a majority of hinds conceive between I April and 17 April although 

some high producing herds have 7 5 % of hinds in calf before 1 April. This means that 
stags should be joined with hinds very early in March and this probably means early 
weaning (late February). 
For R2YO hinds a majority of animals conceive after 17 April although there is 
evidence some herds have the potential to conceive earlier than this. 
Hind body condition score (BCS) needs to be 3 or better at mating. There could be a 
10% difference in pregnancy rate between poorly-conditioned and well-conditioned 
hinds. 

• Fat R2YO hinds (BCS greater than 4.5) have quite variable conception rates. 
• Increasing condition of very poor hinds (less than 3) during mating will have a 

beneficial effect, and the loss of condition during mating should be avoided. 
• Stags should be removed about the 1oth of May, to avoid late calves. R2YO hinds 

require a later stag withdrawal date to coincide with their later conception profile (see 
above). 

• Mating options for R2YO hinds: 
single sire 
single sire after 'priming' with spiker stags 

- using many spikers at high ratios (I: 7- 1 0) 
- high ratios of two year old stags (1: 10 - 20) 
- using CIDRS to synchronise cycles 
- It is possible to treat a few stags with melatonin in December - I anuary so that 

they will develop an early rut. These 'teasers' will induce early cycling in hinds. 
Analysis of the above options does not show a clear preference although many 
farmers now find that using multiple yearling spikers is a good procedure. 
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• Weaning before or after the rut has an effect on both the hind and the calf. Conception 
date will be 1 0 - 14 days earlier in hinds that are weaned before the rut compared with 
those weaned in late May, and the condition score will be about half a unit higher at 
mating in hinds that have been weaned early. On the other hand, calves that are late 
weaned at the end of May usually grow better from weaning until September, than 
those weaned before the rut. 

• For proven Red sires, it is possible to go out to 100 hinds per stag in a single sire 
system, although common practice is 40 - 60 per stag. Stags with large mating groups 
should be backed up. (A single sire group of 100 hinds per experienced stag is 
recommended, with a replacement mid-April). 

• In R2YO hinds, mating weight should be at least 70 % of expected mature body 
weight. This is probably the reason that many Wapiti hybrid yearlings do not get 
pregnant. 

• There is no evidence to suggest that hinds mated to either Red stags or Wapiti bulls 
consistently differ in their reproductive performance. 

1.6.3.3 Conception Loss 
Loss of the calf between conception and birth is a source of reproductive loss but all evidence 
says this loss is very small and not subject to variations in management. 

1.6.3.4 Calf Losses Between Birth and Weaning 
In intensively farmed deer, calflosses soon after birth are reckoned to be about 10% for adult 
hinds and 12% for 2YO animals. The common causes ofloss are dystocia, starvation and 
misadventure. The following things are important in minimising calf losses: 

• Have calf-proof fences to prevent new born deer from moving between paddocks and 
being unable to return (line the bottom of calving paddock fences with chicken netting 
or overlaying existing netting to greatly reduce the effective fence mesh size). 
Provide space and isolation in calving paddocks (minimise stock density at calving). 
Provide ground cover for calving and hiding - the young calf spends its first few days 
hiding in covered sites while its mother grazes far away, returning to suckle two to 
four times a day. Ideas for providing cover are: 

- long weedy areas of pasture 
- rough terrain 

scrub 
- tussocks 

access to tree lanes beneath fences 
supply cut branches or large hay bales 

• Calve the deer in the least disturbed part of the farm. 

1.6.3.5 Pregnancy Diagnosis 
Pregnancy diagnosis is done by rectal ultrasound scanning. The technique, when applied 
correctly, is quick, minimally invasive, safe and accurate. 

The scanning is accurate from 28 days after mating to beyond the mid-point of 
pregnancy (about 130 days). 

• The best time for scanning is 28 - 60 days after mating. 
The technique is not responsible for calf losses during pregnancy, or for dry hinds at 
weaning. 
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1.6.4 Body Condition Scoring of Hinds 

The system of body condition scoring (BSC) is now widely used with deer. It is an essential 
monitoring tool when used in conjunction with liveweight. The condition of an animal is 
assessed mainly through the process of palpation (touching I handling). An excellent chart was 
developed from Massey University and is shown in this section as it relates to breeding hinds. 
The changes in BCS in relation to reproduction are discussed in Section 1. 6. 3. 2, page A -1 08. 

Figure 1.27: Body Condition Score Chart for use in Red Deer 
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wings of pelvis 

Tuber coxae 

rump area 

Ilium r 
Ideally, deer should be standing straight and quiet. The three landmarks used for body 
condition scoring are 

- wings of pelvis: estimation of the depth of tissue over the tuber coxae. 
-sacrum: appraisal of the sharpness ofthe spinous processes. 
- rump areas: appraisal of muscle mass and fat cover beside the sacrum. 

If deer bend their back legs under the palpation pressure, the assessment of the wings of 
pelvis should be ignored. 

Scores range from I to 5 as described below, with half unit increments. 

Score 1: Very Poor Condition (Cachexia) 
Wings of pelvis are extremely prominent and sharp. Sacral spinous processes are very sharp. 
There is little muscle in the rump and no fat cover, the rump areas are very concave at 
palpation. 
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Score 2: Poor Condition (Leanness) 
Wings of pelvis are prominent, and very easily felt by palpation without finger pressure. 
Sacral spinous processes are also prominent. The rump areas are slightly concave. 

Score 3: Moderate Condition 
Wings of pelvis are prominent but rounded and can be easily felt by palpation with slight 
finger pressure. Sacral spinous processes are slightly enveloped and not prominent. The 
rump areas are flat. 

Score 4: Good Condition 
Wings of pelvis are rounded and can be felt by palpation under a thin layer of fat. Sacral 
spinous processes are ~nveloped and are felt by palpation only with firm finger pressure. The 
rump areas are slightly convex. 
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Score 5: Very Good Condition (Fat) 
Wings of pelvis are concealed under a thick layer of fat and cannot be felt by palpation with 
firm finger pressure. Sacral spinous processes are well enveloped and cannot be felt by 
palpation. The rump areas are convex. 

1.6.5 Feeding and Management of Young Deer 

Young deer have very seasonal appetites in which there are potentially high growth rates in 
spring /summer and lower growth rates in winter. A feeding strategy is necessary to maximise 
growth in some seasons but minimise cost in others. 

1. 6.5.1 Feed Requirements 
Tables 1.48a and 1.48b define the seasonal feed requirements of young stags and hinds. These 
cover the weight range spanning breeds from small New Zealand Red deer to the large 
Wapiti. The numbers can be put into the context of sheep feeding where one ewe requires 
about 1 kg ofDM per day for three seasons of the year and about 2.5 kg ofDM per day 
during lactation in the spring. The assumption is made that the feed is good quality pasture, 
with an MID value of 11 (see Section 1.1.2, page A-3). More information on feed quality is 
provided later in this section. 

Table JA8a: Feed Requirements for Growth of Stags 
(kg DM per day) 

Liveweight (kg) 
Liveweight 
Gain (g/d) 40 60 80 100 120 

0 1.2 1.6 2.1 2.5 2.8 

50 1.4 1.8 2.3 2.6 3.0 

100 1.5 2.0 2.4 2.7 3.2 

150 1.7 2.2 2.5 2.9 3.3 

200 1.8 2.3 2.7 3.1 3.5 

300 2.3 2.6 3.1 3.5 3.8 

400 2.5 3.0 3.5 3.7 4.2 
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Table 1.48b: Feed Requirements for Growth of Hinds 
(kg DM per day) 

Liveweight (kg) 
Liveweight 
Gain (g/d) 40 60 80 100 120 

0 1.2 1.6 2.1 2.5 2.8 

50 1.4 1.9 2.4 2.7 3.1 

100 1.7 2.2 2.6 3.0 3.4 

150 1.9 2.4 2.8 3.2 3.5 

200 2.2 2.6 3.1 3.5 3.8 

250 2.5 2.9 3.4 3.7 4.1 

300 2.7 3.2 3.6 4.0 4.4 

350 2.9 3.4 3.8 4;2 4.5 

1.6.5.2 Weaning 
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Recent research indicates that farmers have two options in relation to weaning. 
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Pre-rut Weaning: This is the more traditional system where calves are removed from their 
mothers early in March (at three to four months of age) before setting up hind mating groups. 
Social and nutritional stress is likely because calves are still getting some milk from their 
mothers. Pacing along fence-lines is common. On the other hand, weather conditions are 
usually favourable in March, and removal of hinds allows them to be preferentially fed for a 
few weeks before putting out the stag. 
The following are guidelines for good weaning practice: 

Confine the newly weaned calves indoors for a few days. 
Hand feed the calves on good hay or grain (if they have been introduced to this form 
of feed pre-weaning). 

• Wean in good weather and provide shelter. 
• Minimise handling. 
• Keep hinds and calves as far apart as possible. 
• Consider introducing unrelated adults to the calf group. 
• Consider progressive weaning by removing successive groups of hinds. 
• Maintain environmental and social familiarity, for example, try to keep calves from 

the same calving group together after weaning; use paddocks with which the calves 
are familiar. 

• Provide high quality and familiar feed. 
Post-rut Weaning: Deer in their wild environment do not normally wean their calves until well 
through the winter. Weaning farm-raised deer can be done after the rut in May I June. Calf 
growth rate from March to August has been shown to be higher from post-rut than pre-rut 
weaning. On the other hand, winter weather can often be adverse in relation to the weaning 
process, hinds tend to conceive later and have a poorer winter body condition than hinds in a 
pre-rut weaning system. 
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1.6.5.3 Growth of Young Stock 
Target Weights: 
Target weights for stags and hinds from weaning to maturity are given in Tables 1.49a and 
I. 49b, covering a range of breeds or genotypes (see below). 

When considering the joining of yearling hinds to the stag at 16 months of age it should be 
remembered that deer should reach at least 75% of their expected mature body weight to 
achieve a good conception rate. This means the 'average' needs to be higher than 75% since, 
by definition, half the animals will be below the average. 

As the strains of deer get larger (e.g., Red to Wapiti) the gap between the sexes at each 
target weight gets smaller. For example, mature New Zealand Red hinds are about 50% of 
the weight of stags while Canadian Wapiti females are more like 70% the weight of Wapiti 
males. This has some important implications for venison production. 

Table 1.49a: Target Liveweights for Stags from Weaning to Maturity (kg) 

NZRed Half-bred Canadian 
Wapiti/ Red Wapiti· 

4 months (weaning) 53 75 140 

9 months (end winter) 67 107 168 
16 months (end summer) 109 160 260 

2 years of age 145 180 320 

Mature (summer) 200 300 400 

Table 1.49b: Target Liveweights for Hinds from Weaning to Maturity (kg) 

NZRed Half-bred Canadian 
Wapiti/Red Wapiti 

4 months (weaning) 48 66 120 

9 months (end winter) 60 95 150 

16 months (end summer) 85 130 220 

2 years of age 95 180 270 

Mature (summer) 100 220 330 

Growth Pre-weaning 
Obviously pre-weaning growth in calves is dependent mainly on the hind's milk production. 
Since deer calve from mid-November until about Christmas the first half of lactation is at a 
time when pasture quality is high and calf growth rates reflect this. Through January and 
February feed conditions are very variable between seasons and in different parts of the 
country. This is reflected in calf growth rates which can vary from 250 g/day to over 700 
g/day. The variation could cause a 25 kg difference in weaning weight. Figures 1.28a and 
1.28b (over page) show information from a range of South Canterbury deer farms. A growth 
rate of 700 g/day was measured for the first half of lactation but the average dropped to under 
200 g/day in late lactation. (Source: "Deer Master Manual"- see Section I. 6.11). 
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Figure 1.28a: Growth of Stag Calves between Birth and Weaning 
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Figure 1.28b: Growth of Hind Calves between Birth and Weaning 

(+ shows average growth; ll shows highest; o shows lowest) 
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Impact of Feed Quality on Pre-weaning Growth 
• When red clover was compared with ryegrass I white clover during lactation, liveweight 

gain was best on red clover, as seen in Table 1.50. The 'medium' ryegrass I white clover 
allowance (9.9 kg DMiday) was about equal to the medium red clover allowance and 
double that of the low red clover allowance, yet calfliveweight gain was 12- 23 %lower 
on ryegrass I white clover than on red clover pastures. 

Table 1.50: Ryegrass I White Clover Pasture Compared with Three Levels of Red Clover 
Allowance with Hinds and Calves at Foot 

Red Clover Rye grass 
Allowance Allowance 

High Medium Low Medium 

DM allowance (kg DMipairlday) 16.4 10.8 5.4 9.9 

Pre-grazing mass (kg DM!ha) 3420 3420 3420 3660 

Post-grazing mass (kg DMiha) 1390 950 420 1270 

Calf weaning weight (kg) 51 50 47 43 

Calf liveweight gain (g/day) 461 433 380 333 

Hind weight change (g/day) 53 58 5 -52 

(From Niezen, et.al. 1993) 

• Diet quality is very important for milk production and calf growth rate. Variation in this is 
seen in Figure 1.29 and shows the change in calf growth with improving energy content 
of the diet. The calf growth from chicory (690 g/day) was outstanding but not included in 
the generalised graph. 

Figure 1.29: Calf Growth Rate in Late Lactation is Predicted by Pasture Metabolisable 
Energy Concentration (M/D Value) 
(Source: "Deer Master Manual" - see Section I. 6.11). 
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• The quantity of green leaf offered in pasture in late lactation is closely related to calf 
growth which increases about 60 g/day for every 10 % increase in the proportion of green 
leaf. 
To achieve calf growth rates greater than 400 g/day requires: 

- Green leaf content greater than 60% ( 45 %will give< 300 g/day). 
- Feed energy content greater than 10.5 MJME/ kg dry matter. 
- High quality component in diet greater than 15% (legume and I or chicory). 
- Pasture mass greater than 2500 kg DM/ha. 
- Offering high pasture allowances at high pasture masses. 

While there is often plenty of bulk in calving paddocks, quality is the limiting factor on most 
farms. 

Calf Growth in Autumn 
For the purpose of this section the assumption will be made that calves have been weaned pre
rut. In the event of winter weaning, the winter feeding section (see page A-119) is relevant. 

• The dramatic nature of seasonal changes in the appetite of young deer is shown in 
Figure 1.30. Despite being offered unlimited amounts of top quality feed, the intake 
of young stags dropped from 2.3 kg DM/day in April to a low of 1.7 kg DM/day in 
mid-winter, before climbing again to 2.3 in late spring. 

Figure 1.30: Voluntary Feed Intake of Young Red Deer Stags Offered a Pelleted Diet in Pens 
(Source: Webster et al., 2000) 
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• In the context of seasonal pasture supply, the feed requirements of young stags 
stocked at 13 hd/ha is shown in Figure 1.31. There is an obvious feed deficiency in 
late autumn/winter and a surplus in spring. Pasture supply is barely adequate in 
summer, and quality is often inadequate due to pasture seeding in dry conditions. 

Figure 1.31: Feed Requirements of Weaner Stags (13/ha) in Relation to a Typical Seasonal 
Pattern of Pasture Growth (Source: Nicol and Barry) 
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• The liveweight calves are able to reach by I June is a good indicator of eventual 
slaughter date as yearlings. The reason is that, apart from very early spring (late 
August), when appetite is increasing rapidly and quality feed is often not available, 
there are few opportunities to influence liveweight gain between 1 June and early 
November. Rate of gain can, however, vary from 0 to 300 g/d in the period March to 
May. It is therefore vital to promote gain in calves over those months. Potential for 
rapid growth is greater in early rather than late autumn. Figure 1.32 (over page) 
demonstrates the performance of weaned stags in early and late autumn when offered 
a range of pasture diets varying in energy content. The figure shows that if the pasture 
is good quality (contains 11 MIME/kg DM), then calves can be expected to grow 
about 400 g/d during lactation, about 240 g/d in early autumn and about 140 g/d in 
late autumn. 
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Figure 1.32: Calf Liveweight Gain on Pasture in Late Lactation, the Six Weeks Post-Weaning 
(March ·April), and the Six Weeks before 1 June over a Range of Pasture 
Metabolisable Energy Concentrations (MID Values) 
(Source: "Deer Master Manual"- see Section 1. 6.11) 
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• It is advisable to use the best available feed (e.g., summer feed crops) for weaners in 
early autumn rather than in late April/May. 
To obtain autumn growth rates greater than 150 g/day requires: 

- Green leaf content greater than 90 % (a change in green leaf content of 10 % 
will change weaner growth by 40g/d). 

·Feed energy content greater than 11.5 MJME I kg DM, e.g., leafy pasture with a 
component of red clover or chicory. 

- Careful weaning management. 
- Note: There is more benefit to calf liveweight gain through feeding high quality 

feeds to lactating hinds than to weaners. 
-The effective use of high quality feeds before winter, as winter liveweight gain is 

low, regardless of feed availability and quality. 
Weaner Growth in Winter 
The potential for high growth rate in weaners during the winter is strictly limited by appetite 
even when high quality feed is available (see Figure 1.30, page A-117). 

• Much information shows that practical winter gain in weaners is 40 - 60 g/day growth. 
This can be achieved on a wide range of diets, and on pasture feeding where: 

- pre-grazing height is about 5 em 
- post-grazing height is about 2 em 
- pasture allowance is 2 kg DM/head/day. 

Increasing pasture allowance to greater than 8 kg DM/head/day with a post-grazing 
residue of 10 - 12 em is necessary to lift weaner liveweight gain to about 150 g/day. 
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In other words, there is little economic benefit to be gained by feeding more generous 
winter allowances. 

• From mid-August, weaner appetite increases rapidly over a period of six weeks. This 
late winter period, particularly in the South Island, is one in which there is a good case 
for feeding high quality supplements. Feeding an extra pasture allowance or half a 
kilogram of grain/head/day, for four weeks from late August, will give an extra gain 
of at least 5 kg l_iveweight. In striving to meet a chilled venison contract by early 
November, the extra late winter gain may well be necessary to ensure stock reach the 
liveweight target of 92 kg. 

Young Stock Growth in Spring 
Variation in growth rates between herds is not great, with gains of about 250 g/day usual in 
Red deer through spring. 
Key points for high weaner growth in spring: 

• Liveweight gain in spring is about four to six times that achieved in winter on 
comparable pasture allowances. 

• There is much higher benefit to liveweight gain by providing high allowances in 
spring as opposed to winter. 
Increasing pasture allowance from 2 to 4 kg DM/head/day increases growth from 50 
to 200 g/day. 
During spring, hybrids require a higher allowance than Red deer to achieve maximum 
liveweight gain (see Section 1.6. 7.2). Because of these different requirements, Red 
deer and hybrids should, ideally, not be grazed together. 

• Maximum gain per hectare occurs at about 80 % of maximum gain per head 

1.6.6 Mature Stags 

Stags are extremely seasonal in their natural feed intake cycle. At the approach of the 
breeding season in autumn, stags greatly reduce their feed intake and concentrate on breeding. 
Even in the absence of hinds, feed intake in autumn is massively reduced. This feature has the 
consequence that stags enter the winter with little body fat and since they are not very well 
insulated, together with having a high basic metabolic rate, they are extremely vulnerable to 
cold winter conditions. Stags need good \Vinter feeding v;ith high quality feed, and this also 
applies to spring-time, when the antlers are growing. More mature pasture of lower quality 
(M/D value of 9) is satisfactory for summer rations. 

Table 1.51 shows the requirements of different breeds. Autumn requirements are quite low 
due to inappetance, but feeding levels need to be high over the other three seasons. These 
rates assume good quality pasture with an MID value of 11. 

Table 1.51: Seasonal Feed Requirements of Mature Stags 

Feed Requirements (kg DM/headlday) 
Liveweight Winter Spring Summer Autumn 
in Winter 

Red Deer 170 kg 3.2 3.8 3.4 1.7 

Wapiti I Red Hybrids 210 kg 4.3 5.1 4.6 2.3 

Canadian Wapiti 245 kg 5.6 6.4 6.0 3.1 
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1.6. 7 Weighing Deer 

Knowledge of liveweight is essential in monitoring the state of the deer herd and in knowing 
if target weights are on track. 

Weights should be recorded at the following times: 
Hinds -at weaning pre-rut 

- in mid-winter 
Stags - in mid-winter 

- near the time of velvet removal 
-mid January 

Calves - at weaning 
-where calves are weaned pre-rut, in mid April 
-end of May 
-mid-winter 
-mid August 

Consistent weighing methods are necessary so that weight changes are meaningful. This is 
particularly important in relation to time off pasture to make gut-fill comparable at each 
weighing. 

Where the mob of deer is large it is possible to weigh a random group as long as it is at 
least 1 0 % of the herd. 

Make sure the scales are checked from time to time with something of certain weight, 
such as a bag of sand. · 

1.6.8 Deer Breeds or Genotypes in New Zealand 

In recent years there have been major imports of European Red deer to extend the New 
Zealand Red base. The imported deer are substantially larger than New Zealand Reds and this 
is having an effect, not only on the growth rate of progeny (faster), but also on the size of the 
breeding hinds. Through weight records from individual farms, and information provided 
eariier in this chapter, it is possible to work out correct feeding levels. 

1.6.8.1 Breeds I Genotypes and Indicative Stock Unit Measures 
Table 1.52 (over page) gives the expected animal size, and stock unit figures, for the range of 
deer currently being farmed in New Zealand. (Note: The stock unit figures provide a rough 
estimate of the annual feed requirements of deer. See Section 1.11, page A -179, for further 
information). 
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Table 1.52: Breeds I Genotypes, Liveweights and Stock Units (Mature Animals) 

Females Males Velveting Breeding 
Stags Stags 

Winter Stock Winter Summer Stock Stock 
Weight Units Weight Weight Units Units 

(kg) (kg) (kg) 

New Zealand 95 -100 1.9-2.1 170 240 2.8 3.2 
Red 
English/ 110-130 2.0-2.2 190 280 3.0 3.4 
German 
East European 120- 140 2.1 -2.2 205 320 3.2 3.6 
X Red 
East European 130-150 2.2-2.6 215 340 3.6 4.0 
New Zealand 150- 180 2.6- 2.7 235 350 3.6 4.0 
Wapiti 
Elk I Wapiti 200-240 2.8- 3.0 245 400+ 4.2 4.6 

(From A.JPearce - Unpublzshed) 

1.6.8.2 Wapiti Hybrids 
Some wild captured Wapiti-type animals were brought out ofFiordland, and Canadian Wapiti 
(Elk) were imported during the 1980s to provide products such as velvet antler and to 
establish sires for cross-breeding with Red hinds. The use of Wapiti hybrid sires is now 
widespread and the hybrid progeny reach marketable weights at an earlier age than Red deer 
for the venison trade. 
Autumn Performance 
Tablel.53 shows the extra feed required and growth rate achieved with increasing amounts of 
Wapiti blood in autumn-weaned males (weaned pre-rut). 

Table 1.53: Feed Requirements of Weaner Males of Different Breeds or Genotypes 

Liveweight Autumn Growth kgDM/day _llelative .._Tieed 
at Weaning Rate (gld) of feed Requirement 

Typical NZ Red 49 150 1.9 100 

% Wapiti % Red 57 175 2.2 119 

Y, Wapiti Y, Red 74 200 2.6 138 

Elk I Wapiti in 120 250 3.6 190 
Canada 

Winter Performance 
Winter depression in growth rate of Wapiti hybrids appears to be proportionately less than in 
Red deer. Growth rates of up to 345 g/day can be achieved, which is much greater than Red 
deer run under the same conditions. TabU; 1.54 (over page) gives some comparative 
information from Red and hybrid deer in winter and the following spring. The feed bill is 
high, and feeding Wapiti to potential in winter is probably not economic. 
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Table 1.54: Variation in Liveweight Gain, in Winter and Spring, between New Zealand Red 
Deer and Red x Wapiti Hybrids 

Liveweight (kg) Liveweight Gain (g/d) 

NZRed Hybrid NZRed Hybrid 

Winter 68 84 144 262 

Spring 82 110 272 389 

Spring Performance in Yearling Males 
Although Red deer growth rate does not seem to increase with pasture allowances greater than 
about 4 kg DM/head/day in spring, Wapiti hybrid growth continues to respond to DM 
allowance even as far as 11 kg DM/head/day. Compared to Red deer, hybrids need to be 
offered almost three times the pasture allowance to maximise liveweight gain. Table 1. 55 
indicates the recommendations for feeding young males in spring. 

Table 1.55: Spring Requirements for Red and Hybrid Weaners to Maximise Liv.,eweight Gain 
(Source: "Deer Master Manual"- see Section 1. 6.11) 

Red Deer Red/ Wapiti 
Hybrids 

Pre-grazing height (em) 13 22 

Post-grazing height (em) 8 18 

Feed allowance 4 10.3 
(kg DM/head/day) 

Liveweight gain (g/day) 250 320 

1.6.9 Venison Production 

1.6.9.1 Introduction 
In the 2001 - 2002 year, New Zealand venison export values were in excess of $200 million, or 
78 % ofthe deer industry's earnings. The continuing challenge in the venison industry is 
matching procurement to export demand. The industry has been plagued with under-supply 
followed by over-supply as farmers try to maximise their returns and processors attempt to 
procure deer to meet supply contracts. There has always been an element of procurement 
competition among processors and exporters, made complicated by the volatile velvet antler 
industry. You cannot have your stag earning money as venison and still have him around to 
produce a velvet antler head! 

1.6.9.2 Achieving Premiums 
There has been a general pattern that a premium is paid for young deer from August to early 
November, when chilled product has been sent by boat to the lucrative German market for 
pre-Christmas consumption during the 'game meat season'. This has left New Zealand 
farmers with the challenging task of growing their deer out to at least 92 kg liveweight (50 kg 
carcass weight) at one year of age. From December onwards, the trade has reverted to frozen 

A- 123 



product into Europe at reduced prices. New industry marketing initiatives into Europe aim to 
promote New Zealand farm-raised venison as an all-year-round, top quality, cafe I restaurant 
product where it will not compete with variable quality 'game products' such as wild boar, 
hares, South African game and wild shot European game animals. As this trade grows, a more 
stable venison production environment should be established for farmers. 

Well fed and managed red deer stags can reach a carcass weight of 50 kg (92 kg 
liveweight) as rising yearlings, and hybrids will reach that weight four to six weeks earlier. 

1.6.9.3 Basis of Payment 
Farmers are paid on a hot carcass-weight basis, with premium prices paid for 50- 70 kg 
animals. Fatness is measured as the depth oftissue over the twelfth rib at a point 1.6 em from 
the midline (GR). Fatness grading standards vary from company to company, but generally 
conform to the following: 

Grade 

AP (prime) 

AT 

AF1 andAF2 

Description 

Good quality and undamaged carcasses 
with maximum GR-

up to 70kg: 10-12mm 
70-80kg 14mm 
80 - 90 kg 16 mm 
90 - 1 00 kg 18 mm 
100+ kg 20 mm 

(Discounted) trimmer grade where small amounts of fat are trimmed. 

Over-fat grades, with major discounting. 

There is generally a penalty for animals which are presented for slaughter when older than 
two years, but this varies between companies. Some companies use a full mouth of teeth as an 
indicator of 'mature' age or 'lower' carcass quality, and discount on that basis. The process of 
age identification by teeth in deer is not sound because research has shown that some stags 
will achieve a full mouth of teeth as early as 16 months of age, and there is no evidence to say 
that carcass quality (tenderness) decreases until after a stag is aged greater than two years. 

1.6.9.4 Carcass Composition 
Venison carcasses are high in lean meat and iron, and low in fat, when compared with 
traditional livestock. Table 1.56 (over page) gives some comparative data among livestock. 

When deer are compared with sheep and cattle at marketable weights they are very 
low in fat. 

• Wapiti hybrid deer tend to be even leaner than Red deer. 
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Table 1.56: Carcass Composition (Males) of Deer and Other Livestock 

Carcass 
Age Weight Carcass Composition 

(kg) %Lean %Fat %Bone 

Red Deer 26 mth 63 73 7 20 

Red Deer 9- 10 130 71 14 15 
years 

Hybrids 26 78 74 5 22 
(NZ Wapiti I Red) months 
Hybrids (Canadian 11 68 76 5 19 
Wapiti I Red) months 

Lamb 4-6 mth 15 58 23 19 

Cattle (Angus bulls) 2 years 250 63 22 15 

1.6.9.5 Stock Handling 
The consequences of poor management and handling on the farm, in yards, on the truck and at 
the deer slaughter plant (DSP) are more severe in deer than other livestock. The following 
points are important if damage, bruising and carcass down-grading are to be avoided. 
• Handle deer in yards on a regular basis to minimise animal stress when animals need to 

be worked. 
Feed animals well before trucking. 
Do not attempt to send older stags to the works as the rut approaches. 
Make sure any antler is removed before trucking. 
Have experienced people move deer into the yards, do the drafting and loading onto trucks. 
Minimise stress and excitement. 
Have excellent loading facilities rather than a few hay bales in an open corner of a pen to 
provide a ramp onto a truck or trailer. 
Employ an experienced and accredited deer transporter who will follow Deer Industry 
~Je\v Zealand transportation guidelines re animal density, loading procedures and dista..11ce 
to be travelled. Br1,1ising is much more of a problem when animals are trucked more than 
150 km. 
Visit the DSP when your deer are processed to see that the staff employ best practice in 
handling your deer off the truck, in lairage and in the yarding I slaughter process to 
minimise bruising and other damage. 
Look carefully at your work's kill sheet for the incidence of animal damage and compare 
with industry standards. 

1.6.9.6 Returns to the Producer 
Returns are extremely variable, ranging in the last three years (2000 - 2002) from $6.50 to 
$10.20 per kg of hot carcass-weight, for a prime 60 kg stag carcass in the peak pre
Christmas season. 
From late November through the summer the price to the producer usually drops at least 
$2 per kg. 
Regular updates on current and past prices are available in the deer industry publications 
or 'on-line' under Deer Industry New Zealand or "Agrifax". 
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1.6.10 Velvet Production 

1.6.10.1 Feeding for Velvet Antler Production 
Velvet antler is living tissue comprising cartilage which eventually becomes mineralised and 
is finally converted to bone. It is a marketable health food product that is harvested after about 
60 days of growth, before significant mineral deposition occurs. 
Can specific feeding il}fluence the yield and quality of velvet antler? 
As with many complicated biological systems, the answer is both Yes and No! 

Under-nutrition of stags during autumn and winter lowers subsequent antler 
production by about 10 %. 
Under-nutrition of stags during the antler growing season of spring can reduce antler 
production by up to 20 %. 

• Feeding highly nutritious traditional supplements during the winter does not increase 
antler production. 
The feeding of some specially formulated supplements in late winter I early spring has 
been shown to improve yield and quality of velvet antler. 

1.6.10.2 Velvet Antler Yield 
Yield of velvet antler increases progressively from two years of age to peak at around eight to 
nine years, after which yield begins to diminish. Table 1.57 indicates 'typical' and 'target' 
yields that can be expected from Red deer and Canadian Wapiti. The various Red I Wapiti 
hybrids will be between the figures given. The yield figures assume that the antler is cut 
according to Deer Industry NZ (DINZ) guidelines given in the grading charts that are 
available from DINZ. 

Table 1.57: Typical and Target Velvet Antler Weights for Red Deer and Canadian Wapiti 

Stag Age Typical Weights Target Weights 
(years) (kg/head) (kg/head) 

Red Deer Canadian Wapiti Red Deer Canadian Wapiti 

2 1.3 - 1.6 2.6- 3.2 2.0 4.0 

3 1.5 - 1.9 3.0- 3.8 3.0 6.0 

4 3.2 6.4 4.0 8.0 

5+ 4.0 - 4.4 8.0- 8.8 5.0 10.0 

One year old stags grow 'spikes' which in some animals may be branched. These are of much 
lower value than older heads. There is a complex grading system for all velvet antler and 
information is available from DINZ and on its web-site (nzgib.org.nz). See also Section 
1. 6.1 0. 4, over page. 

1.6.10.3 Harvesting Velvet Antler 
Velveting of deer is the removal of a highly vascular living tissue with many nerves from a 
live animal. Any person that removes velvet antler has a legal responsibility (according to the 
Animal Welfare Act) to provide general or local anaesthesia of sufficient power to prevent the 
animal feeling pain. 

Stags should be brought quietly into the yards, preferably in the early morning before the 
heat of day, and allowed to settle. 
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Velvet is removed by either chemical restraint with a sedative and local anaesthetic, or 
physical restraint (often in a crush) and local anaethesia. 

Farmers have the option of calling in their veterinarian to do the work or becoming a 
registered velveter through a course of study, oral examination and a practical test. The latter 
course of action needs to be established through Deer Industry New Zealand in Wellington. 

It is now legal to use a pressure analgesia system to remove velvet antler from yearling 
deer and this does not require any drug. The process requires a rubber ring to be placed over 
the spike antler and located just above the pedicle I antler junction, rather like a lamb tailing 
ring. The pressure from the ring eliminates the pain of antler cutting. Research is on-going to 
extend the system to branched antlers from mature stags. 

1.6.10.4 Velvet Antler- the Product 
The velvet antler head in a mature stag grows through the stages of brow, bez, trez tynes to 
the royal top in about 60 days when it is harvested. Figure 1. 33 shows the stylised shape. 

Figure 1.33: Velvet Antler Head of Typical Mature Red Deer 
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bez tyne 

browtyne 

/) 
~------ cut surface 

The thickness of the main stem between the bez and trez tynes (beam diameter) is an important 
statistic for grading which goes along with length and stage of growth in determining value. 
The grades as set out in the comprehensive DINZ grading chart are constantly reviewed as 
changes in the market become known. 

1.6.10.5 Recording Velvet Yields for Breeding and Selection 
Two year old velvet records are used to: 

evaluate progeny from different sires 
select stags for breeding or the velvet herd 
cull for venison. 
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The following records should be kept: 
the date the previous year's hard antler 'button' is cast off (casting date) 
velvet harvest date 
velvet yield. 

For practical reasons, mobs of two year stags may be harvested all together at many stages of 
growth. The weights should then be adjusted in order to compensate for the differing growth 
stages between animals. The following chart can be used to standardise two year velvet 
records. The actual ve!vet weights are divided by the appropriate adjustment factor to 
standardise the yields to 55 or 65 days of growth. 

Table 1.58: Adjustment Factors to Convert Two Year Old Velvet Antler Yields to a Standard 
Period of Growth 

Actual Growth Period Adjustment Factor for Standard Growth Period of: 
(casting to harvest- days) 55 days 65 days 

40 0.63 0.51 

50 0.88 0.71 

60 1.12 0.90 

70 1.37 1.10 

Example: A stag cuts 1.1 kg at 40 days. Therefore, its estimated yield (to a standard growth 
period of 55 days) would be 1.1 + 0.63 = 1.75 kg. 
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1.7 GOAT MANAGEMENT AND FEEDING 
(Contributed by G. Batten, Caprinex Enterprises Ltd., Brightwater) 

I. 7.1 Introducing Goats to Mixed-livestock Farms 

Goats need the same level of care and attention as sheep, cattle and deer, but in different 
ways. For example, goats are less hardy and more easily stressed than sheep and cattle from 
cold, wet, exposed conditions. They are better suited to drier conditions that also minimises 
potential feet problems. 

Goats can need much less input than other stock so labour costs are less. Mating can be 
short, sharp and controlled, and kidding unsupervised. There are few misadventures. Goats 
move quickly, are easy to muster and readily trained to handling and routines such as in yards. 
Appropriate grazing I feeding management can minimise stress and consequent husbandry 
work. 

Goats can have a specific role as miniature cattle. They can eat similar coarse pasture as 
part of mixed grazing, plus other weeds. They have lower stock and facilities capital cost. 
They are handled more easily. They will cope with drier conditions better and not cause 
pugging I treading damage or losses on very steep country. Compared with both cattle and 
sheep they have advantages of early maturity, high prolificacy, good mothering ability, 
extended breeding season, wide foraging ability and greater diet range. There is, however, a 
major negative due to the internal parasite cross-contamination with sheep. 

Goats are as food efficient or more so than sheep or cattle when they can choose what to 
eat, but less efficient when high feed use is critical. Their growth rate is generally less than 
other farm animals and maintenance food requirement is higher. However their feed cost can 
be less as they can eat plants or plant parts that are otherwise waste. At low stocking rates of 
goats, there will be negligible competition for feed with other farm animals. There is a 
liveweight level of about 25 kilograms of breeding doe per hectare (see footnote 1) that seems 
to be a simple stocking plateau to work to. Below this there will be few feeding conflicts or 
management difficulties. On hill country with lower overall stocking rate, the goats' diet will 
have more 'browse', and on high producing land they will eat more seed-heads and pasture 
weeds. At the '25 kglha' level it is considered that other stock will not be losing any feed, and 
in fact their feed quality will be improved by the goats. If wether goats are being farmed, the 
figure can be increased to 30 kg liveweight per hectare. 

A major factor affecting goat productivity is stress. A lot of the 'goat problems' of the 
1980s will not occur if stress is minimised. A good way to do this is to spread the goats 
around the farm and let them get on with eating weeds, grooming pasture and growing meat. 
Do not treat them like sheep and cattle, or even think in the same feed management terms. 

Goat management becomes more difficult if the goat liveweight per hectare exceeds 50% 
of the total animalliveweight per hectare, so 40% is often suggested as a realistic maximum. 
If goats are being farmed with cattle and to some extent deer, with no sheep present, goat 
density can increase more easily because worm problems are less and pasture better suited. 

Footnote: 1There is a huge variation between goat size, breeds, needs and diets. A common 
factor between all livestock species and classes is liveweight. This is better than 'stock units' 
when planning to add goats to a sheep, cattle or deer farm. 
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Farm factors to consider for adding goats to a farm are: 
Soils: Dry soils are better than wet soils. Goats can do better than other stock on poorer 
soils. 
Climate: Drier climate favours goats. 
Contour: Steeper, broken country favours goats. 
Pasture: Goats can produce satisfactorily on lower fertility species. 

Goat policy and management is dictated by clear identification of farmer objectives. These 
could be maximum meat production, fibre production, weed control or eradication, or pasture 
grazing synergy. Emphasis on any one of these could prejudice another, and some are difficult 
to measure for evaluation. For example, an emphasis on scrub weed reduction will result in 
lower kidding and growth rates. On the other hand, chemical use will be reduced, and pasture 
feed for other stock will be increased. 

Key benefits from farming goats identified by farmers: 

I. 7.2 

An effective non-chemical alternative for weed control. 
Cheaper weed control. 
Improved pasture quality and productivity. 
Goat meat income at low cost. 
Fibre income (where applicable- see Section 1. 7.11). 
Milk income (where applicable- see Section 1. 7.12). 

Goat Stocking Rates 

Liveweight, rather than stock units, is the basis for managing goat feeding, with adjustments 
for different types of goats and farms (see previous page). The stock unit (SU) system is a 
questionable basis for pastoral enterprise comparison, budgeting and feed management, and 
there is no data for goats under New Zealand conditions. The amount of pasture consumed is 
the basic measure of the stock unit system. This is valid only if the pasture is of the same 
quality, type and cost. Goats, however, eat 'browse', weeds and pasture rejected by other 
stock. Quantities of this type of feed varies between farms and can only be guessed. Grazing 
efficiency, especially on steep banks, also varies between goats and other stock. 

There are also obvious size differences between and within breeds and types of goats. 
There is a wide range in kidding rate and milk production. These factors complicate the 
description of a 'standard' goat. 

As goats are usually part of a mixed stocking system the degree of competition also 
confounds any calculation. Goats and sheep can have similar feed requirement patterns 
through the year, and are therefore different to cattle. However goats eat more cattle-type feed 
although their grazing behaviour and diet is different to both sheep and cattle in some 
respects. Goats kidding in August will compete for feed more strongly than those kidding in 
October. 

On a mixed sheep and cattle farm with ample browse and rough feed (such as on hill 
country), a 3 5 kg doe with 130 % kidding might rate at about half of a sheep stock unit (if run 
at a low stocking rate). The same doe on flat land eating only high quality pasture might be 
rated at 0.87 of a sheep SU (but not cattle equivalent). However this guide is crude and 
misleading. At a low goat stocking rate, of say 25 kg L W per ha (in addition to other stock), 
there may be a SU feed cost of nil (see Section 1. 7.1). 
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1. 7.3 Feeding Goats 

1.7.3.1 Feed and Grazing Management 

Although goats are pastoral ruminants, their diet, feed preferences, feeding behaviour and 
management are different to sheep and cattle. New skills and standards are needed. Goats 
have advantages with their preference for a varied diet, their browsing habit and use of 
roughage. Their ability to seemingly thrive on lower quality feed is, however, more farmer 
perception than reality. High goat performance needs high intakes of high quality feed. 

Goats are opportunistic feeders, taking the 'best' (in their terms) of what is available, although 
the proportion left varies. Sometimes that means competition with other livestock, although 
this may not occur with low goat stocking rates. 

Goats are 'finicky'. They do not like eating food damaged by browsing, trampling or 
soiling. 

They have a different eating pattern compared to sheep and cattle, spending most of the 
day eating and walking relatively long distances, especially in the afternoon, and resting and 
ruminating at night. They will stop eating more readily because of rain or disturbances. They 
have a different eating 'horizon' of up to 1.5 metres compared with sheep at 0.3 metres and 
cattle at one metre. On hill country they will spend up to half their time grazing banks that are 
ignored by other stock. They can use plants and plant parts that are ignored by other stock. 
Although they can graze lower quality feed, they have no real advantage over other stock in 
their ability to digest it. 

Introducing goats to farms can improve pasture quality and production (and therefore increase 
sheep and cattle production), as well as lowering weed control costs. This benefit will be 
greater on hill country. Goats grazing mixed pasture will improve the overall proportion of 
desirable species with more clover and higher producing grass species. It is commonly stated 
that goats do not like clover but research shows that sheep, cattle and goats prefer clovers 
over grasses. Reasons for the myth might include: Goats look for variety so less of the daily 
diet is clover. Goats graze at a higher level of a pasture horizon where there is less clover. 
Nevertheless at low to medium goat stocking rates, goat grazing enhances the clover 
component of mixed pasture. 

Goats are best farmed with other livestock, as less desirable grass species such as 
browntop and Yorkshire fog can increase with goats alone. 

Goats graze pasture from the top down, and if the top is seed heads, that is where they 
start. Therefore, they will graze more evenly than sheep and cattle, preferring longer to shorter 
parts. However if all pasture is short they will adapt to that. 

When planning pasture feeding, a basic point is that goats will only eat 60 - 65% of 
pasture on offer, so pasture height is the most critical factor. If only pasture is available, goat 
daily food intake will drop more quickly than sheep, cattle or deer once there is less than 7 em 
(2500 kg DM I ha). At 4- 5 em they will reduce bite size and the number of bites taken. 
Intake will be severely restricted at 3 em but goats can use their mobile lips to eat down to 
1 em. Just because they eat at that level does not mean they are being fed enough. 

Although goats eat a wide range of plants they still like daily choice. This can have more 
influence on intake than how much is available, and they are more selective than sheep and 
cattle. They can be stressed by a major diet change at critical times such as mating and 
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kidding, yet they might appear to be eating enough because of their wide diet range. Time for 
rumen adjustment is needed, especially on low quality feeds. 

Goats 'see' plants differently from sheep, cattle and deer (and farmers' traditional 
experience), and therefore graze different plants, plant parts, and growth stages. 'Browse' 
includes pasture seed heads, weeds such as thistles, rushes and ragwort, and shrub species like 
manuka, gorse, blackberry and brier. On many hill country farms a lot of goat feed will come 
from shrubs as part of their productive diet and in weed control programmes. Their browsing 
preference at any one time will however reflect the plants available, how much is available, 
relative succulence, what the goats are used to eating, and whether they can get at it. Goats 
prefer to eat 'browse' at eye level. They will rarely eat only one species at a time, even if it is 
strongly preferred, as diet variety is also important. They can also rapidly change between 
plants depending on availability and seasonal chemical and food value. One day thistles will 
be untouched and the next day the whole flock is eating them! 

In animal feeding terms, pasture is roughage. More roughage as weeds or hay just adds 
variety and choice that goats appreciate. There is, however, a big difference between goats 
being able to eat fibre, and their needing it. 

Cattle digest a low quality diet such as 'browse' better than sheep and goats because their 
larger rumen can hold it longer. However they digest higher quality 'browse' less efficiently 
than goats because they ignore some of the higher quality parts of plants that goats choose and 
eat with their mobile upper lip and narrow muzzle. 

Goats need to be fed for their needs. They do not need weeds but they will eat them for 
variety and because they are the best feed available at that time (in goat terms). They can 
select high quality from feed that most farmers would describe as low quality. 

Feeding supplements to goats needs some planning. Goats are fussy eaters and can reject 10 -
15 % of apparently good quality supplements that sheep or cattle would clean up. Goats will 
'pick' at supplements all day, and probably leave some. When fed on the ground, goats will 
reject any that they or other animals walk on or soil. Even hungry goats will reject lower 
quality feed. 

Feed quantities and qualities are the key to understanding goat feeding behaviour, diet and 
performance but there is little research for New Zealand pastoral conditions. Farmer's own 
goat farming experience is of their individual farm and this calL.'lOt necessarily be applied to 
other farms. Some research-based recommendations are also suspect, especially when 
extrapolated from sheep. 

It is difficult to compare goats, sheep, cattle and deer feeding because of the range of 
feeds eaten, differences in eating, intake and digestion. Comparisons may not be relevant with 
lower quality feeds. With medium to high quality feeds, however, total goat feed requirements 
are similar (per kg L W) to sheep, cattle and deer. 

The need for goats to be part of a mixed animal regime is another complication. High goat 
productivity needs preferential feeding. On good pasture, a stocking rate guideline is about 
100 kilograms of goat liveweight per hectare for high production. This is in addition to the 
other livestock being run on the farm. Goats can be run at a maximum of 600 kg goat L W per 
hectare. 

Goats need different pasture feeding systems to allow for the way they graze. For 
example, when young goats are offered three kilograms of pasture dry matter per head, they 
will only eat about 20 %. Milking goats need to be offered seven kilograms of dry matter per 
head, but will eat only one third of this. 
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Grazing options are: 
• Graze after cattle, or with calves. 
• Shuffle graze ahead of rotationally grazed sheep. 
• Graze ahead of deer. 
• Rotate goats through set stocked sheep. 
• Let goats graze most of the whole farm. 

There is a complication with transfer of internal parasites with sheep that is discussed 
elsewhere. 

Under set stocking, especially with higher rates of goats during November-December, does 
and kids will leave mature grass leaf in preference for green growing parts. This leads to a 
build up of mature grass and dead litter which will need clearing out by other stock. 

With feral or low quality goats, pasture feed conversion efficiency is not as high as other 
stock. Energy content is the main factor for focus. On pastoral farms, there is usually enough 
protein in the diet unless stock are made to eat too much 'browse', which will lead to weight 
loss. Goats can gain and lose weight readily with up to plus or minus 20 % not uncommon. 

'Stasis' or autumn I winter growth plateau occurs in feral goats and those with feral blood. It· 
also occurs in other goat breeds. This sets a management target to minimise animal numbers 
and feeding through winter. This growth slowdown, similar to deer, is balanced by rapid 
growth September- January. 

Feeding during pregnancy is important for kid birthweight, survival and subsequent growth. 
The foetus grows 90% in the last six to seven weeks of pregnancy, so the does' live weight 
must increase at least five kilograms for a single and eight kilograms for twins, regardless of 
doe size. They need 40 - 50 % more feed but it cannot be bulky like scrub or hay because of 
reducing rumen capacity. Nor can it be high moisture grass with a high energy cost to digest 
at a time when keeping warm is also a priority. 

Goats are also prone to 'stress abortion'. Underfeeding causes stress and in goat terms can 
be from too much bulky, low quality feed reducing intake, wet weather restricting feeding 
times, cold weather needing more food for warmth, increasing body demands from pregnancy 
or just not enough feed. Weighing goats will monitor liveweight; but not blood glucose that 
should not fall below 40 rng %. The late winter is probably the most critical time. 

If does are not bagging up by kidding, they have not been fed well enough. Increasing doe 
liveweight by 25% in the last seven weeks will increase kid birthweight by 20 %. 

More than half of the kid weaning weight is set by doe condition at kidding. This is 
because does need to draw on body fat reserves after kidding, particularly if milking well and 
with multiple kids. It may be easier to gain weight before kidding than to fully feed after 
kidding. Most goat fat reserves are internal and difficult to see. Weighing will give a better 
idea than condition scoring. 

Twin-bearing females need priority feeding. They are also likely to be carrying more 
worms. They need even more care than twin-bearing ewes to get the best from them. 
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1.7.3.2 Feed Intake Requirements 

Feeding after kidding is important. Feed levels can affect milk production by over 400% at 
this time so the aim is maximum intake of high quality feed. With pasture, this means at least 
70% of 'green' DM, offering 2500 kg DM!ha (7 em high, ignoring seed heads) and grazing 
no lower than 5 - 6 em. · 

To produce maximum milk, does should be fed 250% above maintenance for the first six 
weeks after kidding. From then, good feeding is needed for kid growth and to help maintain 
doe liveweight. From kidding to weaning a doe can typically lose 10 % of liveweight. They 
should not be allowed to lose more than this if mating liveweight targets are to be met. This 
can be achieved on good pasture more than 7 em high. Supplements may be required if 
pasture is short. 

Goats cannot utilise short pasture as efficiently as sheep. 
Doe liveweight, milk production, fecundity and fertility all benefit from offering about 

2000 kg DM per ha or better. 

Guidelines for Post-grazing Pasture Mass Could Be: 

April to late August 
Does 
Hoggets 

September to December 
Does (and kids) 
Hoggets 

January to April 
Does 
Kids 

Post-grazing Height* 

4cm 
5-6cm 

5-6cm 
4-5cm 

5-6cm 
5-6cm 

Post-grazing Dry Matter 

1300 kg DM/ha 
1800 kg DM!ha 

1800- 2000 kg DM!ha 
1600- 1800 kg DM/ha 

1800 kg DM!ha 

*Height is a more critical measure for goats than pasture cover in kg DM 

Table 1.59: Suggested Daily Feed Requirement for Maintenance (kg DMidayj 
(Note: Assumes 'improved' pasture, having a MID value pf II MJME/kgDM 

-see-Section 1.1.2) 

Liveweight (kg) 

20 30 40 50 60 

Easy Terrain 0.5 0.6 0.8 0.9 1.0 

Steep Terrain 0.6 0.7 0.9 1.1 1.2 
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Table 1.60: Suggested Daily Feed Requirements of Does During Lactation (kg DM/day) 

Live- Single Suckling Twin Suckling 

weight 

(kg) 

40 
45 
50 
55 
60 
65 
70 

Table 1.61: 

Liveweight 
Gain (g/d) 

0 
50 
100 
150 
200 
250 
300 

Week of Lactation: Week of Lactation: 

One Three Six Nine One Three Six Nine 

1.8 2.1 1.8 1.7 2.1 2.4 2.1 1.8 

1.9 2.2 1.9 1.8 2.2 2.6 2.2 1.9 

2.2 2.4 2.2 1.9 2.4 2.8 2.4 2.0 

2.3 2.6 2.3 2.0 2.6 3.0 2.6 2.1 

2.4 2.7 2.4 2.0 2.7 3.1 2.7 2.2 

2.4 2.8 2.4 2.1 2.8 3.2 2.8 2.3 

2.5 2.9 2.5 2.2 2.9 3.3 2.9 2.4 

Suggested Daily Feed Requirements of Young Goats (kg DM/day) 
(Note: Asswnes 'improved' pasture, having a M/D value of 11 

-see Section 1.1.2) 

Liveweight (kg) 
20 25 30 35 40 

0.6 0.7 0.8 0.9 1.0 
~-

0.7 0.9 1.0 1.1 1.2 

0.9 1.0 1.2 1.3 1.5 
-~ 

1.0 1.2 1.4 1.5 1.7 
- --

1.1 1.3 1.5 1.7 1.9 
1.., 1 c 1.7 1 (\ ,.., 1 
l.J 1 . .J 1.:1 L.. 1 

1.4 1.6 1.9 2.1 2.4 
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1. 7.4 Goat Husbandry 

Target Liveweights 
Suggested minimum target liveweights are shown in Table 1.62 

Table 1.62: Target Uveweights (kg) 

Male Female 

Birth Weight 2.75 (+/- 0.3) 2.45 (+/- 0.3) 

Weaning Weight 16.0 (+/- 3.0) 15.0 (+/- 3.0) 

5 Month Weight 20.0 (+/- 3.0) 17.0 (+/- 3.0) 

8 Month Weight 25.0 (+/- 3.0) 22.0 (+/- 3.0) 

12 Month Weight 25.0 

18 Month Weight 30.0 

2 Year Weight 35.0 

Mating Management 
Goats have a naturally longer breeding season than sheep. Kids can be born from March to 
November, although does are less fertile at each end of that period. Angora goats are more 
seasonal in their breeding pattern than dairy or meat breeds. 

The period prior to mating is often a bad time for worms and trace element deficiencies 
(see Sections 2.3 and 2. 7). These must be dealt with at the start of the two month countdown 
period, and bucks should be monitored and redrenched when necessary prior to mating. An 
injection of vitamins A+ Dis sometimes given about three weeks before mating. 

Bucks need more looking after than rams and bulls because they travel more and work 
harder, even in small paddocks. They need to be in very good condition at the start of mating. 
A flushing programme has several benefits and liveweight can be increased as a store for the 
future by increasing feed levels four to six weeks before mating. Breeding bucks should be 
hand reared or tamed to quieten them for paddock handling. 

Under commercial conditions, ratios for bucks to does of about 1:30 for yearlings, 1 :70 
for two tooths, and 1 : 1 00 for adults is suggested. However synchronised mating will require 
strategic buck use and numbers. 

Later mating increases kidding percentage, especially with maiden does, probably due to 
heavier weights. After the first oestrus cycle, egg shed increases by 15 %. The oestrus cycle is 
usually between 15 and 21 days with does showing signs of heat up to 24 hours before oestrus 
by bleating, tail twitching, restlessness and inflamed vulva. Oestrus lasts for 20 - 30 hours 
(average 24). 

Puberty comes at about six months of age, but liveweight is a factor at 40 - 70% of mature 
liveweight with most does at the lower end. About 18 kg liveweight seems the minimum. 

Most New Zealand meat and fibre goat farmers have kidded does at two years old, but 
commercial dairy goat farmers around the world kid their does at one year old. Ideally does 
should reach target liveweights (and age) before mating as kidding limits females' growth 
under extensive grazing conditions, and is undesirable with young does. Target liveweights at 
mating should be at least 25 kg, or two-thirds of expected adult weight for younger does. 

For every kilogram of increased liveweight over a range of 25 - 40 kg, kidding percentage 
can increase by 3 - 6 %. The greatest increase comes from lighter does due to the strong 
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positive link between liveweight and twinning. Twinning also increases with age up to six or 
seven years. 
Kidding 
On mixed farms a common practice seems to be to start about one month after ewe lambing, 
but this must fit in with expected kidding concentration and the type of feed to be used. 

The abortion mechanism in goats is different to most other domestic animals. Stress is a 
common cause, often from dog chasing/worrying, long transport, bad weather and big 
changes in diet or feed quantity. 

Pregnant does should be well settled in familiar paddocks at least two weeks before 
kidding so that they have adjusted to feed, shelter, contours, camping areas and potential 
nursery sites. 
Weaning 
Weaning management will depend on overall flock management and may happen naturally. 
Entire buck kids must be removed or castrated before three months of age. A guide to 
weaning weight is half of the expected adult liveweight, or a quarter of the parents' combined 
liveweights. 
Culling 
Dairy goats have a productive life at least as long as beef cows and farmed meat goats are 
similar. Although performance may decline after five kiddings there are many commercial 
does on farms for up to seven or eight kiddings. The main physical factors for culling does 
will be breakdown of feet, teeth or udder. Fibre production could also be a factor. 

1.7.5 Goat Health 

(Editor's note: See also Section Two, in particular Section 2.4.4). 

General 
Farming goats on an exclusive area at a high stocking rate should be avoided if health and 
management problems are to be minimised. 
It is preferable to: 

Farm goats in conjunction with other livestock- cattle, dairy cows, horses, deer, or sheep. 
Integrate the grazing programme with other livestock, rotating through separate blocks, 
using them to help prepare and 'clean' the pasture for goats. 
Graze in conjunction with only cattle or deer where the aim is to minimise cross infection 
with sheep. 
Initially target a limit of 10% oftotalliveweight per farm or per hectare farmed as goats. 
Limit goats to a maximum of 40% of total stock liveweight on the property, even when 
there is a high level of management experience. 

Goats require higher pasture heights to achieve their feed intake and sound health than do 
sheep or cattle. When combined with their lower level of body fat and different fibre 
characteristics, this means that compared to sheep, they are especially susceptible around 
shearing and kidding. When animals are young or particularly susceptible because their 
natural immunity is low, additional protection can be provided by either vaccination or 
parasite treatment programmes. 
Parasites 
A particular problem is that goats have the same worms as sheep and they contaminate each 
other. As with other animals, anthelmintics will be the main method of controlling problems, 
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grazing management is the basic strategy and breeding resistance is a longer term approach 
(see Section 2.3.2). 

Compared to sheep, which develop a strong natural immunity around 12 months of age, 
goats have so far developed a lower level of immunity to gastrointestinal parasites. This can 
result in goats having greater populations of adult parasites with high egg output. 

Goats can have specific lice that are different to sheep lice, but lice control and 
management are the same (see Section 2.3.2.3). 
Foot Problems 
Feet are more important to goats than other animals because they walk so much further in a 
day. If they are lame, both food variety and intake are reduced, stress increases, other health 
problems appear and production falls. Limping goats need fixing quickly. 
Poisoning 
There are variations in the published lists of plants that poison goats. Some are well known, 
like rhododendron, yew and goats rue. However goats can eat and handle others like tutu, 
ragwort and buttercup species if they are able to gradually learn about them. They will then 
know how to eat them for the rest of their lives, and teach their offspring. Note, however, that 
if hungry goats are introduced to these plants as a plentiful supply of green feed, they could 
die in minutes. 

1.7.6 Shelter 

Goats need shelter from cold and heavy rain in New Zealand for their welfare, but they can 
adapt to local climate over time. Different breeds and ages have differing skin thickness and 
young goats are more susceptible to wet and cold weather. A goat has little subcutaneous fat, 
other fat reserves are less mobile and available and it cannot thicken its skin. 

Kids do not like wet weather, and wind chill is especially severe on goats. Contour and 
natural shelter from dense bushes are basic protection but may need to be added to. 

Good plantation shelter or buildings are needed to keep goats dry. A pine plantation with 
some undergrowth feed supply is one choice. Goats can quickly access shearing sheds or feed 
barns from several paddocks away if they know where to go. 

1. 7. 7 Fences and Yards 

(Editor's note: See also Section 9.1). 

There must be a completely goat proof fence around that part of the farm that is running 
goats, and this should preferably be the boundary. There are legal fencing requirements of the 
Wild Animals Control Act that classes goats as wild unless they are held by effective fences. 
The Code of Practice has minimum Standards. All orthodox fences must be tight, hollows and 
strainers goat proofed. A bottom barb wire could be necessary. Goats need training to the 
standard of farm fences and consciously shepherded onto new areas to learn about them. Any 
goats that cannot be trained should be culled. 

With electric fencing, the goats' innate inquisitiveness and intelligence can be used (by 
capitalising on fear) through proper training. There should be a specific training paddock 
using farm type fencing and not too much feed. It could take up to a week for a complete 
lesson. An electrified outrigger wire 25 - 30 em off the ground can be effective, or two 
outrigger wires at 30 em spacing on a one metre stake 25 em inside a 'leaky' fence will goat 
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proof it. Electrifying one or two wires on an existing fence is more expensive, not seen as 
easily, but there is less problem from shorting with long grass or weeds. With well-trained 
goats, the outrigger can be higher to avoid shorting. It may be necessary to disconnect low 
outrigger wires at kidding to avoid killing new, wet kids. 

Trained goats will respect four to five wire electric fences but these cannot be classed as 
goat proof as goats can be panicked through them and young kids will wander. 

Electric fencing technology and construction is the same for goats as other animals. The 
key is high voltage all the time with attention to insulators, proper earth, proper joins and 
other critical factors met. 

Bucks can be a particular problem to contain. A deer fence is ideal, or an electrified 
outrigger wire 50 em off the top wire as well as lower outrigger wires so as to make jumping 
and climbing difficult. 

Yards need to be able to handle agile goats especially when pressured. They need to be 
higher than for sheep, or more closely boarded than for cattle. A building with grilled 
windows could be suitable. Limited handling does not warrant special facilities, however. 

Goats are sensitive and can become irritable and difficult to handle when they do not 
understand or are confused. They are worse if they are hungry such as being yarded for more 
than five to six hours. They do not like bright shining objects or surfaces, undue noise or dogs 
in yards. Novelty is a stress factor. 

1. 7.8 Water 

Goats are as fussy about the water they drink as they are about their feed. They will not drink 
dung-polluted water, or dirty dam water if they can avoid it. They do not like swamps. They 
seem to need less water than other stock, although they have similar moisture needs as sheep 
of the same size (see Section 9. 5). However they can adjust their diet to water availability. 

1.7.9 Weed Control 

Goats are a four legged biological weed management tool! They can destroy plants by eating 
all the leaves, by ringbarking and breaking branches, and by stopping flowering &'ld seed 
spread. They are agile and can access areas inaccessible to other stock. They can reach to at 
least two metres high through standing and climbing; they have a narrow muzzle and mobile 
upper lip to selectively choose plant parts they want. They have a wider dietary choice and a 
higher tolerance of bitter compounds than other farm animals. Their ability to control weeds 
varies according to the type, sex, age and number of available goats, and the particular weed 
species. 

Farmers who run goats on typical pastoral farms often claim an annual saving in pasture 
weeds control costs of $5 - $6 per hectare (in 2001 ). Potential savings could be greater 
depending on the farm and weed situation. An important point is the quantity and variety of. 
weeds, as goats will daily choose a little of everything, and so a minor weed will soon 
disappear. It is not difficult to get rid of the last few bushes of less favoured species like 
kanuka. However they will not be happy in a block that is mainly one type of weed. 

Any scrub weed programme using goats should appreciate goats' needs and behaviour and 
give them long enough to do the job their way. They cannot get enough energy from scrub 
weeds alone to maintain liveweight, let alone to produce. The maximum for a maintenance 
diet is about two thirds scrub because of intake limit (bulk). 
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Strategic feeding on I off target weeds will provide a varied diet, help maintain liveweight 
and health and enhance complementarity with other livestock. 

Not all goats are suitable to use for weed control. Using goats younger than 18 months 
will prejudice their growth. Wethers are stronger, more able to buffer intake and liveweight 
variation, stress and less susceptible to misadventure. Angoras are best not used. Goats must 
first be familiarised with eating the target weed. 

Stocking rates depend on weed species, available goats and the systems that can be 
used. On a mixed livestock farm, a stocking rate of goats at 250- 300 kilograms of liveweight 
per hectare (set stocked) on mixed scrub weeds should stop them from spreading, whereas 
strategic stocking with larger mobs of 2000 kg L W per ha for short periods could reduce 
them. Over a period of years, gradually reducing weeds over the whole area can have the 
same overall clearing effect as blitzing a segment each year, but be less stressful on goats and 
fences, and not as spectacular. 

Gorse is a good goat feed. Control needs vigorous competitive pasture to prevent seedling 
regrowth. 'Top-down' grazing by goats encourages dense pasture. Gorse bush height, density 
and species mixture will determine goat stocking rates and methods. 

Manuka seedlings and large plants that can be barked are more vulnerable than one to two 
metre high bushes, and goats prefer manuka from March - August, and ahead of kanuka. 

Goats love sweet brier although it is more difficult to browse. They also prefer blackberry 
and have been used through the 201h century to eradicate it. 

Goats can also do a good job on pasture weeds. They are most successful on the range of 
thistles, preferring them when in flower. No viable seed survives and denser pasture 
discourages new seedlings. 

Goats will strategically control undergrowth in forestry blocks when tree leaders are 
higher than two metres and tree trunks protected by a skirt ofunpruned branches. They can 
also be used permanently after pruning when trunk circumference is more than 50 em and 
bark is corky. However the same care is needed with goats as with any livestock in forestry 
blocks. 

1. 7.10 Goat Meat Production 

While there are specific meat producing goats, goat meat also comes as a by-product of fibre 
producing or dairy goats, or harvested from feral and weed control stock. 'Chevon' refers to 
the meat of Angora goats, in particular. There is no real domestic market in New Zealand. 
Processors for the export market focus on weight, but downgrade emaciated and over-fat 
carcases. Schedules can vary from less than 6 kg through to more than 16 kg but most range 
between 11 - 16 kg (in 2001 ). Half of the national kill is 9 - 14 kg. Carcases heavier than 18 
kg are discounted. The minimum profitable carcase weight is about 12 kg although it is 
1 - 2 kg lower with some companies. Kids should be able to grow to this weight (27 kg 
paddock liveweight) before their first winter. 

New Zealand goat meat is a commodity and reflects commodity meat trade dynamics. 
Processing costs are higher than for sheep, and pelt returns are lower. Market supply and 
development to take advantage of opportunities in North American and European markets are 
hampered by lack of consistent supply. 

Most exported goat meat comes from feral goats that also form the basis of bred up 
cashmere flocks, the 1980s angora upgrading programmes, composite meat breeds and weed 
control flocks. 

The South African Boer meat goat breed has been available since 1997. Adult liveweight 
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is over 50 kg (does) and 100 kg (bucks). This breed offers an opportunity to increase growth 
rate and carcase weights through use as a terminal sire, as part of a composite dam breed or as 
a specialist meat flock. However they must be well fed to achieve potential. Under 
commercial conditions, up to 5 - 8 months of age, pure breed Boers can grow in the range of 
50- 250 grams per day whereas feral /cashmere I angora goats usually grow at 40- 100 gpd. 
Composite breeds like Kiko, and Boer crossbreds can match purebred Boers under more 
demanding feed conditions. There can be marked differences between grazing and browsing 
habits and dietary intakes of different breeds. 

Purebred Boers generally grow 50 % faster than feral base stock, and the first cross (with 
benefit of hybrid vigour) is about midway between them. A specific benefit can be heavier 
birth weights that improve early survival chances. 

At this stage of meat goat farming in New Zealand, breed itself is less important than 
production factors like kidding, survival to sale, growth rates to 8 - 10 months and farming 
costs. 

There are no significant grading standards to meet, so providing kids reach higher priced 
weight ranges, more kids mean more money. 

Individual commercial meat goat flocks should be able to produce 120 - 13 0 % kidding to 
sale and 150% with better feeding. National figures are not as high because of poor winter · 
feeding, stress abortions and early kid losses from bad weather and internal parasites. 

Feral goats generally have positive genetic factors of high fertility (from their dairy breed 
background), size, survivability, adaptability and tolerance to some health problems. These 
features have been masked by early mating and hunting targeting specific animals. 

Figure 1.34: Typical Feral Meat Goat Growth Rate 
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1.7.11 Fibre Production 

1.7.11.1 Mohair 
Mohair is a luxury fibre noted for high lustre, which enhances dyed colours. It is soft, smooth 
and silky to handle relative to fineness, and warm relative to weight. The industry has 
capitalised on fashion cycles of bright colours, textured surfaces and handknitting. Angora 
goats can be profitably farmed primarily for fibre production, however lack of fibre is a major 
problem of the New Zealand industry as small line volumes are not attractive to buyers. 

Goats are shorn twice a year for 100 - 175 mm fibre length with some producing up to 
seven to eight kilograms per year. 

Mohair grows continuously throughout the year from secondary fibres on goats that have 
been especially selected and bred to eliminate kemp and medullated fibres (these downgrade 
dyeing and 'handle' of finished fabrics). Imports of South African and Texan genetic material 
have largely overcome this previous fault and also increased fleece weight. 

Fibre growth rate increases to a maximum at three to four years of age and diameter 
increases by 8- 11 microns from six months to maturity. In New Zealand, the diameter of kid 
mohair can vary from 22 to 28 microns, depending on the flock genetics and feeding. Mohair 
growth rate and diameter also vary with season and nutrition. There is a direct genetic 
correlation between increased fleece weight and fibre diameter. 

Finer fibre fetches premium prices, and top grade mohair comes from first and second 
shearings of well bred and fed kids. Fibre lines are generally based on length above and below 
90 mm, four lines of fineness in the range from less than 26 microns to more than 34 microns, 
and absence of kemp. However there is some variation in line description between buyers. 
There can be a low priced market for low grade mohair in some years. 

In 2001, there were three specialised mohair warehouse companies operating five regional 
warehouses that handled, classed and integrated fibre for sale. They bought direct or sold on 
behalf through a pooled system. 

1. 7.11.2 Cashmere 
Cashmere grows seasonally as a short downy 14- 18 micron mean fibre diameter (MFD) 
undercoat from secondary skin follicles beneath coarse guard hair of 40 - 100 microns on 
some double-fleeced goats. It grows on some dairy goats, some Boer goats and a high 
percentage ofNew Zealand feral goats. 

Fibre return reflects the yield of dehaired down and there are tight quality specifications 
for minimum length (30 mm), fineness (maximum 18 microns MFD), diameter distribution, 
colour and lustre. There are premiums for finest fibre, no colour and no lustre. 
Production 
Important cashmere production factors are highly heritable, so rapid genetic progress can be 
made by selection and planned breeding. However MFD will increase rapidly with selection 
for down weight (DW). Unfortunately fibre testing is expensive but length is a good indirect 
measure ofDW. Feeding levels have much less effect on production than with other products. 

Commercial New Zealand Cashmere flocks have tripled per head fibre production over 
fifteen years. Whilst selected base feral goats could produce 50- 80 grams, commercial flocks 
now (in 2001) produce 200 g plus, with selected animals and small flocks exceeding 300 g. 

Cashmere wethers are particularly well suited to scrub weed control as they will produce 
profitable fibre at maximum potential until five to six years of age, are not at risk like does 
and can be 'poodle' shorn to harvest the most valuable part of the fleece. 

New cashmere farmers have the advantage of being able to use improved bucks selected 
to match their base flock needs. 
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Fibre diameter will increase by approximately one micron from one year.to two years and 
DW by about 40 - 50 %. Diameter will strengthen further by at least another micron to 
maturity. Pregnancy reduces cashmere growth. 
Harvesting 
Cashmere growth is initiated by reducing daylight and the main growth period is December to 
July. Natural 'shedding' starts in July but this is also influenced by hormones, feeding levels, 
stress and breed. New Zealand cashmere is harvested by shearing the whole fleece for later 
dehairing to separate the 20 - 40 % down component. Shearing needs careful planning and 
preparation, as goats will have no protective fleece for some weeks afterwards and no 
subcutaneous fat protection like sheep. The risk is heightened by the need to shear in winter 
(cold weather) and while does are pregnant. Rain has a more severe effect than low 
temperatures and both are worse than for sheep. Stock losses can be minimised by ensuring 
the goats are healthy, in good ·condition, are trained to accept supplementary feed and are 
provided with access to natural or artificial shelter. 

The cashmere market and processors require tight specifications of less than 17 microns 
MFD, white coloured, no lustre and easy dehairing to achieve high prices (2001). This 
requires much more careful handling than wool. There may be export markets for stronger 
and coloured cashmere. 

At least three weeks prior to shearing, goats should be removed from any potential 
vegetation contamination and those with any coloured fibre should be drafted for separate 
shearing. The shearing board and handling area must be spotless. It may be necessary to 
vacuum to remove any potential contaminants. 

White goats should be shorn first. Part coloured can then be shorn to harvest white fibre 
only and patch shearing for higher yielding fleece only might be desirable. As it is very 
difficult to eye estimate MFD to meet tight maximums, yearling goats should be shorn as a 
separate line, and possibly two year olds too. 

All urine stain, dags and vegetable contamination must be skirted. Lower yielding britch 
and belly fleece parts can be classed into a separate line. 

Raw Cashmere fibre can be consigned to regional warehouses or direct to dehairing or 
processing outlets. 

1.7.11.3 Cashgora 
Cashgora fibre of 19 - 23 microns mean fibre diameter evolved from Angora goat upgrading 
and also offered a G4 breeding route to cashmere in the 1980s that produced a stronger fleece 
with some lustre. This is not acceptable to the present (2001) New Zealand market, and there 
is a limited, low priced and variable export market for fine cashgora. 

1.7.12 Dairy Goat Farming 

Goat milk is versatile, with a wide range of products. Commercial production needs 
expensive multi-approved processing premises. The very small number of individual 'cottage' 
processors that manufacture cheese, milk, yoghurt and icecream are balanced by the tightly 
controlled Waikato-based New Zealand Dairy Goat Co-operative (in 2001). This has over 
30 000 does with tanker milk collection and centralised manufacture of powders and other 
products. 
Establishing a Dairy Goat Farm 
On the farm there are distinct differences with dairy cow production. A commercial dairy goat 
farm is much like a small dairy cow farm with high quality pasture, dairy premises, races, 
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water supply, plus barns for feeding and for shelter where necessary. Minimum economic size 
will reflect milk price. Most New Zealand farms are 20- 40 hectares, milking eight or more 
does per hectare plus cattle. Bought in feed can be economic on smaller properties. 

Dairies and associated services must meet dairy, health and local body regulations. There 
are various parlour designs and kitset platforms similar to sheep designs. Dairy set-up costs 
range upwards from $40 000 (in 2001). 
Breeds 
The predominant (70 %+)breed is Saanen with minor Toggenburg, British Alpine and Anglo 
Nubian representation. These have all been used to upgrade a 1970s feral goat and hobby herd 
base, resulting in large differences of per head production. Milk solids can vary from 
50 - 100 kg per goat per year with 60 kg as a reasonable average. Heritability of yields of 
milk, fat and protein are medium to high. 
Animal Dynamics 
Well fed dairy goats often average 200 % kidding, enabling rapid herd increase and 
improvement. Well grown kids are usually mated to start milking at 13 months. Goats can 
lactate for several years without further pregnancies but most commercial herds are seasonal. 
Effective commercial animal life can be five to eight years. 

Male kids have no commercial value. Surplus female kids can be reared for local and 
export sale. 
Feeding Dairy Goats 
High value goat milk justifies different feeding practices to those for dairy cows. Feed quality 
is at least as important as quantity. Concentrates at up to 300 grams per litre can substitute for 
deficient pasture. Body condition, as with dairy cows, influences subsequent production. 
Intake limits during late pregnancy, and during lactation, can justify more expensive 
concentrates. Whole grain should be introduced slowly to avoid metabolic problems. Higher 
producing does can also economically respond to supplementation. 

High quality pasture or lucerne properly conserved as hay or silage can also substitute 
within intake limitations (due to bulk). 

Pasture is cheapest if well managed to 8 - 18 em long, and kept growing rapidly under 
rotational grazing. The milking herd should be made to eat no more than one third of 
available dry matter on offer. Special purpose pastures, high soil fertility and possibly 
irrigation could be prerequisites. Lower quality weed feedstuffs do not produce milk. Cattle or 
horses should be grazed to maintain pasture composition, quality and length. 
Rearing Replacements 
Kids can be reared as for dairy calves with similar feeds, techniques and problems. Milk 
replacer can range from 12 - 18 % dry matter content, or higher with ad lib water. Fat content 
should not exceed 22 %. Kids should have constant access to meal, hay, and pasture from four 
weeks to supplement milk. Target growth rate is 200 gpd for a weaning target of 18 kg by ten 
weeks of age. 

Rapid kid growth before and after weaning is important. Every 5 kg extra liveweight at 
first kidding (in the range 30- 45 kg) can be expected to yield 70 kg (first lactation) and 100 
kg (mature lactation) extra milk. 
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1. 7.13 Goats References and Web-sites 

Goat InfoPak (introductory leaflets, case studies, management, calendar, meat marketing). 
Available from Meat NZ, PO Box 121, Wellington. Telephone: 0800 647 000. 

Simply Goats booklet (making money on commercial pastoral farms from goats). 
Available from Meat NZ (see above). 

Getting Started leaflet (for new Angora farmers and small farmers). 
Available from Moh,air NZ, Secretary (Federated Farmers), P 0 Box 665, Timaru. 
Telephone: 0800 327 646. 

Web-sites 
www.meatnz.co.nz (select 'Farming' and search 'Goat') 
www.caprine.co.nz (links to some goat sites) 
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1.8 NUTRITION IN PRACTICE 
(Contributed by Ken Drew, 137A Shetland St., Dunedin) 

1.8.1 Introduction 

Ruminant animals such as cattle, sheep, deer and goats are amazing in that they are capable of 
living on a great variety of plant material. They are really 'walking fermentation vats'. 
Without the wide range of bacteria and protozoans in their rumens, the animals could not 
survive. The bugs do their work on the feed components, producing volatile fatty acids which 
are absorbed into the blood providing the main fuel for maintenance, growth and milk 
production while the animal moves around harvesting the plant material. In mature cattle, the 
rumen is about the size of a 200 litre drum and like a portable concrete mixer the contents are 
being continually mixed. When the food particles are sufficiently small (less than 2 mm) they 
move on down the gut, making space for more ingested feed. 

Straw breaks down very slowly in the rumen, so the rate of passage through the gut is 
slow, thus limiting the speed of eating. On the other hand, root crops break down extremely 
quickly, liberating the high water content at a rapid rate and this goes straight through the 
rumen wall into the blood. About 15 minutes after sheep begin eating swedes or turnips they 
start urinating due to water loading and they stop 15 minutes after ceasing to eat the root crop. 
Things happen quickly! Because of the fast rate of passage down the gut with root crops, 
sheep can eat up to 50% of their body weight per day of that feed. 

Providing the best mix of feed quality and quantity needs an appreciation of the feed 
components, their interaction and the animal production purpose, be it maintenance feeding, 
feeding for growth, or feeding for meat, fibre or milk production. 

1.8.2 Components of Feed and their Digestion 

1.8.2.1 Feed Fractions 
All feeds are a mixture of water, energy, protein, minerals and vitamins. 

Water 
Animal requirements are met by water in the food and 'topped-up' by drinking water. 

Because water contains no energy or protein, it must be excluded from feed analysis and 
so we consider 'water-free' feed or 'dry matter'. 
Water can be tightly bound in some plants due to it being contained in a slowly digested 
plant cell wall, or readily liberated from a rapidly digested plant cell wall. This can have a 
marked effect on the rate at which feed is eaten. 

Energy 
Food energy is required by animals to maintain their body functions, produce body and foetal 
growth, and produce fibre and milk. Surplus dietary energy can be stored in the body as fat. 
Although feed is the main source of energy, fat stores can be mobilised to supply up to 30% 
of energy at times such as winter or summer drought. In stags, feed intake is drastically 
reduced during the breeding season and the animals may lose 30% of their body weight in six 
weeks. 

In New Zealand's farming systems, readily available energy is the main limitation to 
animal production. 
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Protein 
Amino acids (constituent of protein) are the essential building blocks that animals need to 
grow muscle, wool and produce milk. Protein nutrition in ruminants is complicated because in 
addition to the animal having enzyme systems in the lower gut that will digest proteins, the 
microbes in the rumen are able to synthesise their own protein, which is chemically digested 
(later, by the animal) as dead microbes pass through the lower gut. 
Minerals and Vitamins 
These items are essential to the production and performance of ruminant animals. Minerals 
are discussed in Section 2. 7. 

1.8.2.2 Digestion of Feed Fractions 

Feed Energy 
Most common feedstuffs contain about 18.5 megajoules (MJ) of energy per kilogram of dry 
matter (kg DM). The problem is that not all of that energy is available to the animal. This is 
because some of the energy is lost as undigested feed residues, methane gas, urine and some 
as wasted heat production. How can we quantifY this loss so that we can put meaningful 
'quality numbers' against our feed sources? 

The following is a simplified diagrammatic picture and 'balance sheet' of energy 
transactions: 

Food 
energy 
consumed 

1kgDM 

JJ 

Methane and 
urine loss 

2.3MJ 
(18.5 MJ energy) 

1 kg DM consumed 

Methane (belching) and urine 

Undigested feed 

JJ 
Nutrients 
absorbed 

and used for 
production 

J0.7MJ 

Feed energy 
consumed 

18.5 MJ 

18.5 MJ 

The energy available to the animal from this ration is: 
18.5 -7.8 = 10.7 MJ per kg ofDM. 

undigested 
food 

5.5MJ 

Losses of 
energy 

2.3 MJ 

5.5 MJ 

7.8 MJ 

This 'available' energy is called metabolisable energy, or ME. Therefore, the feed is 
said to contain 10.7 MJMEikg DM. The 'MJMEikg DM' description can be simplified 
(for convenience) to 'MID'; that is, the feed has an MID value of 10.7. 
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The 'dry matter (DM) digestibility' ofthe ration is calculated as follows: 

DM eaten- DM excreted x 100 
DM eaten 

In this example, the DM digestibility = 18.5-5.5 x 100 = 70.3% 
18.5 

The MID value is better than the digestibility figure, because it accounts for the loss 
of about 18 % of the digested feed energy through the passing of methane and urine. 

The relationship of DM digestibility% to the MID value is approximately as follows: 

DM digestibility % - 60 70 80 
MID (MJME I kg DM)- 8.8 10.6 12.4 

Metabolisable energy (ME) is our best measure of feed quality, but it is not perfect. For 
example, when considering the diet of dairy cows: 

Fats and oils are very high in ME but do not provide fermentable ME to the rumen 
microbes. 
Grass silage may have an MID value of 11 MJME I kg DM, but much of the energy is 
in the form of fermentation acids that cannot be used by microbes. Therefore, the bugs 
go hungry and milk production from the silage may not meet expectation. 
Rate of feed breakdown (in the rumen) is a major factor affecting how fast a cow will 
eat. ME does not give a good indication of the likely rate of breakdown and therefore 
cannot be used with accuracy to predict how much feed a cow can consume in a day. 
ME does not account for protein. Rolled barley is very high in ME but low in protein. 

From the point of view of ruminant digestion, plant carbohydrate is either soluble cell 
contents or structural cell wall. The former is quickly digested but the cell wall (cellulose, 
hemicellulose, lignin) is very variably digested depending on many factors such as plant 
species, season or stage of growth. The cell wall is the 'fibre' in a plant, and it can be 
measured in the laboratory by 'neutral detergent fibre' analysis (NDF). 

Example NDF values: 

Maize silage 
Lotus 

NDF(%DM) 
40.5 
33.1 

Further examples are shown in Table 1. 63 (over page). 

Up to 60% of the soluble plant carbohydrate can be released from fresh herbage through the 
process of chewing. The variable digestion of plant cell walls is covered in Section 1. 8. 3, over 
page. 

Feed Protein 
Green herbage is high in plant protein, and much of the digestion of that protein occurs in the 
rumen by the microbes. The feed protein is thus converted to microbial protein. Depending on 
conditions in the rumen, and feed quality, some of the feed protein is converted to ammonia 
and lost via the urine. If, however, much of the feed protein can be 'trapped' as microbial 
protein, the process is quite efficient with the animal digesting the microbial protein in the 
small intestine. Dead digested rumen microbes will provide 60- 85% of the animal's 
available protein. 
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The rumen microbes synthesise their own proteins from the break-down of feed or dietary 
protein. Some dietary proteins can be protected, however, so that they are not fermented in the 
rumen ('bypass proteins'). These pass into the small intestine where they are digested by 
enzymes which are active in acid conditions (pH about 2.5). For example, in an experiment 
with sheep, milk protein casein was treated with formaldehyde to protect it from digestion in 
the rumen. This resulted in a reduction in the production of rumen ammonia (showing that 
less protein was digested in the rumen). There was also less urinary nitrogen, more intestinal 
protein digestion and increased wool production (by about 30 %). 

Feeds having a high protein content end up with more protein arising where it is most 
needed, in the small intestine. 

Stock require different levels of protein in their feed, depending on their production levels. 
The following is a guide for protein requirements (as a percentage of feed DM): 

Maintenance 
Growth 
Lactation 

6-8% 
10- 14% 
15- 18% 

1.8.3 Nutritional Value of New Zealand Pastures 

1.8.3.1 Chemical Components 
Unlike 'total mixed rations' (TMR- grain and silage based diets), New Zealand pasture is a 
very mixed and variable source offeed. It varies from low DM content, highly digestible 
spring pasture with very high levels of protein, to mature summer pastures with reduced green 
content and high structural plant stem content (fibre). Factors such as plant species, season, 
soil moisture and plant maturity are all important in determining the balance between the 
maximum yield ofDM/ha (often low quality) and the highest possible quality DM (often 
lower yield). The farmer must manage the balance in relation to stock production objectives. 

1.8.3.2 Feeding Value of Different Plant Species 
Legume plants such as clover are generally higher in nutritive value than grasses. In a mixed 
sward, sheep and young stock can select the higher value legumes and achieve better quality 
feed intake than the total on offer. Dairy cows, under our intensive rotational grazing systems, 
are unable to graze selectively and it is therefore most important to provide uniformly high 
quality available feed. 

Table 1.63: Some Important Differences Between Plant Species 

Plant DM Nutritive Protein Soluble Fibre Metabolisable 
% Value* % Carbohydrate (NDF) Energy (ME) 

% % (MJ/kg DM) 

White clover 15 100 27 12 26 11.5 
Sulla 12 100 23 18 22 12.7 
Chicory 14 95 19 11 24 12.5 
Tama 15 83 21 16 36 12.7 
Lucerne 24 82 30 9 30 10.9 
Perennial 
Rye grass 19 52 15 9 49 11.0 

*Nutritive value relative to white clover = I 00. Source: Burke et al, 2002 
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Comments: 
Clover I sulla - very high in feeding value and protein. 
Chicory- high in feeding value and 'rate of digestion'. 
Tama- high in feeding value (especially ME). 
Lucerne- very high in protein (much lost as ammonia) but reduced ME. 
Perennial ryegrass - high in fibre, lower in protein and feeding value. 

While many of the specialist forage plants show excellent nutritional features they often 
require very careful management. Chicory and sulla need lax grazing or plants will be 
damaged. Perennial ryegrass, on the other hand, is very tolerant of variable grazing 
management and still produces adequate nutritive value feed. Ryegrass-based pastures will 
likely remain the basis of pastoral grazing systems because of their persistence and relatively 
high DM yields. 

1.8.3.3 Impact of Plant Maturity on Feeding Value 
Traditional ryegrass I white clover pasture changes dramatically in feeding value with plant 
maturity due to increasing proportions of slowly digested plant cell wall. 

Spring pasture is mainly green leaf with low quantities of fibre (NDF of 40- 45% of 
DM), high in ME (11.5- 12 MJ/kg DM) and protein (25- 30% ofDM). The young, flexible 
leaf requires little chewing or salivation to swallow, but the fibre in the leaf needs chewing to 
break it down into small pieces that will pass on through the rumen. 

With increasing maturity, seed-head, stem and dead matter increases relative to leaf. This 
process increases the DM% and fibre content (see Table 1.64). Soluble carbohydrate levels 
do not change much with increasing maturity, but protein levels drop dramatically and ME 
values fall to less than 10.5 MJ I kg DM. 

Table 1.64: Changes in Ryegrass Leaf Composition (from Late August) 

Leaf Age DM Protein Soluble Fibre (NDF) 
(Weeks) % % Carbohydrate % % 

3 19 22 7 42 
8 19 15 5 49 
15 32 5 7 62 

Source: Burke et al, 2002 

· Legumes differ from grasses in the effect of maturity on their structural and chemical 
composition and in digestibility. Most maintain a higher proportion of leaf: stem with 
advancing age compared with grasses, and the leaf retains a higher digestibility than grass leaf 
of comparable maturity. This is especially true of white clover. 
Green I Dead Matter 
Dead pasture is often rejected by stock because it tends to be in the lower part of the sward. 
The percentage of pasture mass as 'dead' will commonly increase from 7% in November to 
45% by March. When spring pasture growth is not controlled it will bec0me 'standing hay' 
in December, 'straw' in January I February and 'compost' by March I May. When grazing 
pressure is applied, stock consume significant amounts of very low digestibility dead matter. 
What are the consequences of this?: 

For every percentage unit increase in dead content of the pasture or diet, digestibility 
falls by 1.5 percentage units. 
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1.8.3.4 

For every 10% increase in the proportion of green leaf in the diet, there is (for 
example) an increase of 60 glday growth in young deer in late lactation. 

Influence of Season of the Year 
Typical ryegrass I clover pasture has a very pronounced seasonal fluctuation in nutritive value 
as shown in Figure 1.35: 

Figure 1.35: Effect of Season on Pasture Digestibility 
(Source: Sheep Council Lamb Growth Seminar 3100) 
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Winter and spring-grown pasture has a digestibility of around 80 % (ME content 
greater than 12 MJikg DM). 
Once grasses move towards the seed-head stage, feeding value falls dramatically. 
Green autumn growth rises rapidly in feeding value. 

Another way to view the seasonal decline in the quality of rye grass is to consider changes in 
leaf and stem over late spring I early summer: 

Figure 1.36: Seasonal Decline in Quality of Ryegrass 
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As a sward moves into its 'stemmy' growth phase it is obvious what is happening to nutritive 
value. Pasture which has gone to seed was once known as "standing hay", but in reality its 
nutritive value is very much lower than real hay. 

As summer approaches, 'quality pasture' can only be produced by keeping swards short 
and vegetative as well as increasing the amount oflegume (e.g., clover). 

Table 1.65: Approximate Energy Levels in Sward Components During Spring I Early Summer 

Plant Component 

Clover leaf 
Young grass leaf 
Young reproductive stem 
Dead matter 

Energy Content 
(MJME/kg DM) 

11.8 
11.5 
10.5 

8.0 or less 

Change in Energy 
Content per Day 

Little change 
0.03 
0.06 

1.8.4 Meadow Hay and Silage Quality and Use 

Conserving forages as hay or silage in New Zealand is too often a means of dealing with 
surplus pasture rather than a means of achieving an animal production objective. When 
farmers are making decisions about when to harvest the hay or silage, they must choose 
between obtaining either high quality I low yield, or lower quality I high yield. 
Feed for Animal Maintenance 
Much of the conserved feeds for sheep and beef cattle are required to cover the winter feeding 
period, and harvested quantity is usually more important than quality. Mature and weathered 
pasture hay, full bloom lucerne and ryegrass straw will give M/D values of 8 - 8.5 (MJME/kg 
DM) which is satisfactory for winter maintenance feeding. Cereal straws with MID values 
nearer 7 will generally not provide a maintenance ration. 

Some years ago, silage and balage samples submitted to the Lincoln University Feed 
Laboratory averaged 8.5 MID. This indicated farmers either had a poor understanding of 
conservation quality principles or they were mainly interested in harvesting to clean up 
paddocks and intended to use the supplement for maintenance of their livestock in winter. 
Feed for Liveweight Gain or iviiik Production 
The MID value of conserved feeds for boosting production needs to be greater than 10 in 
silages and 9.5 for hays. The higher the value, the better the productive gains (see Sections 
1.8.6 and 1.8.8). 

Field-drying has a major effect on feed quality. A period of24 hrs drying under good 
weather conditions will show small changes in plant nutrient composition. Prolonged wilting 
in damp, poor drying weather conditions can drop MID values in ryegrass from 10.7 to 8.2, 
and drop protein content from 12.8 to 9.9% ofDM, giving a loss of23 %in feeding value. 

The digestibility of pasture (for making hay or silage) decreases by 1 - 2 units/week during 
spring and early summer. This does not happen with maize to the same extent because the 
grain is such a major component of the final product. 

Features of high quality conserved hay and silage for growth and milk production: 
Plant material cut early with a high proportion of leaf and few seedheads. 
High clover content. 
Low proportion of dead matter. 
Short time period between cutting and conserving. 
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1.8.5 

1.8.5.1 

Chopping and wilting in silage making is expensive, tends to reduce harvested yield 
and does not guarantee quality. 
The better the quality of the conserved feed, the greater the substitution for pasture 
when it is fed as a supplement.· 

Feed Intake 

Overview 
With grazing livestock such as milking cows, and lambs or deer growing at a high rate of gain, 
it is most important to understand what 'drives' feed intake. There are three major factors that 
influence how much an animaf eats. 
Productive State 
Lactating stock in full milk have an enormous urge to eat. These animals, and young livestock 
growing at a fast rate, will consume 4- 5 %* of their liveweight per day.(* As kilograms of 
feed dry matter). 
'Fullness' of Gut 
When the gut is distended to a 'fullness' level, the animal stops eating. If the rumen is full of 
straw, then feed intake will be low due to the slow rate of clearance from the rumen. The 
capacity of the gut and the abdominal cavity reflect the size and maturity ofthe animal, 
modified by pressure from the uterus (in the case of pregnant females) or abdominal fat, in 
cases where that is relevant. At the opposite extreme from an animal eating straw is a dairy 
cow on 'Total Mixed Rations', where a meal is digested rapidly to allow further consumption 
of feed. 

Table 1.66: Digestibility and Speed of Digestion of Some Feeds 

Digestibility Speed of digestion 
% (hours) 

High fibre feeds 
Straw 40 45-55 
Hay 55 30-40 
Good grass 70 18- 24 

Low fibre feeds 
Clover 70 12- 18 
Grain 80 12- 14 
Turnips 85 2-6 
Molasses 95 0.5 

Forage Constraints 
When available feed on offer is limited, the quality is low or animal stocking rate is high, then 
there are limitations as to how much feed will be eaten. 
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Table 1.67: Estimated Maximum Daily Intake of Feed DM in Relation to Feed Quality 
(Intake ofDM, as a% ofLiveweight) 

Energy 
Content of Sheep Cattle 
Feed 
(MJME/kg DM) Young Mature Young Dry Lactating 

7 1.7 
8 2.5 1.7 
9 3.4 2.3 2.4 
10 4.3 3.0 3.1 1.8 2.6 
11 5.1 3.6 2.3 4.2 

11.5 5.5 3.6 2.3 4.2 

Editor's note: Unfortunately there is no reliable data available to 'jill the gaps' in this 
table, although it may be possible to make some inferences based on the data provided. 

The figures in Table 1. 67 broadly show: 

1.8.5.2 

Feed intake in young sheep changes greatly with increasing energy content of the feed 
(due mainly to the speed of digestion). 
At an energy content of 10 MJME/kg DM there is a wide range of DM intake between 
animal species, and between dry and lactating cows. 

Factors Influencing Pasture Intake 

Pasture Species 
The most important factor here is the proportion of grasses to legumes. 

Figure 1.37: Gains in Lambs on White Clover or Ryegrass 
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With high legume pastures, animals reach maximum feed intake at a lower level of 
feed allowance than when they are offered mainly grass swards. This is probably a 
direct result of the differing structure of the plant species, which influences the ease of 
eating. 
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Animals grazing a legume pasture have a higher maximum intake of feed than those 
grazing grass pasture. 

Pasture Mass 
This is a function of both height and density, and has a profound effect on pasture intake. 

Table 1.68: Ewe Feed Intake and Liveweight Gain on Pastures of differing Mass, when Feed 
Allowance is fixed at 4 kg of green OM/ewe/day 

Pasture Mass 
(kg green DM/ha) 

1000 
1500 
2000 
2500 

Feed Intake 
(kg DM!ewe/day) 

1.15 
1.4 
1.7 
2.0 

Source: Pappi eta!, 1987 

Liveweight Gain 
(g/ewe!day) 

40 
90 
150 
200 

More green pasture mass on offer means that it is easier for an animal to eat more rapidly. 
The information shows very clearly the advantage to the sheep from break-grazing small areas 
of high pasture mass, when compared with offering a low pasture mass even when the 
paddock is very large or the stocking rate is very low. 

Pasture Allowance 

Table 1.69: Ewe Feed Intake and Liveweight Gain when Pasture Allowance is increased, in a 
paddock having 2000 kg of available green DM/ha 

Pasture Allowance 
(kg green DM!ewe!day) 

1 
2 
3 
4 

Feed Intake 
(kg DM!ewe/day) 

1.0 
1.35 
1.6 
1.7 

Source: Pappi et al, 1987 

Liveweight Gain 
(g/ewe/day) 

10 
80 
130 
145 

It is clear that the biggest gains in intake and liveweight are made as pasture allowance is 
increased at the low end of the scale. For example, with a one hectare paddock or break that 
has 2000 kg of available green DM/ha: 

A mob of 500 ewes for four days will get an allowance of 1.0 kg DM/ewe/day, and 
can be expected to eat about 1 kg/day, gaining weight at about 10 g/day. 
A mob of250 ewes for four days will get an allowance of2.0 kg DM/ewe/day, and 
can be expected to eat about 1.35 kg/day, gaining weight at about 80 g/day. 

Pasture Residue after Grazing 
It is obvious that if animals on a rotational grazing system are forced to graze a pasture close 
to ground-level, their rate of feed intake will fall drastically towards the end of their time on a 
paddock or feed break. 
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Table 1.70: Effect of Post-Grazing Pasture Mass on Liveweight Gain of Hoggets 
(Rotationally Grazed on Hill Country in Spring) 

Post-grazing Pasture Hogget Liveweight 
Mass (kg green DM!ha) Gain (g/day) 

1200 104 
1600 125 
2000 145 
2400 150 

Source: Sheath et al, 1987 

Note: When high rates of growth are required in priority animals, and high post-grazing 
pasture mass is the result, then lower priority animals should be used to 'clean up' afterwards 
in order to preserve pasture quality. 

1.8.5.3 Effect of Feed Quality on Intake 
Young sheep will greatly increase their intake of feed DM as quality increases. For 
example, intake will increase by about 60% if the quality of feed offered increases from 
an M/D value of9.0, to 11.5, due mainly to the increased speed of passage of feed through 
the rumen. Conversely, reducing the MID value will reduce feed intake mainly because 
the speed of digestion in the rumen slows down and it takes a longer time for the digested 
particles to become small enough to move through the digestive tract. 
In dairy cattle, increasing feed value (pasture digestibility) seldom increases feed DM 
intake, but does improve milk production due to an increase in the quantity of digestible 
nutrients contained in the pasture (Holmes, 1987). 

1.8.6 Types of Feeds for Different Production Purposes 

Feeds used to 'maintain' stock do not have to be high in energy content (high M/D value). On 
the other hand, good quality feeds (M/D of at least 11 MJME/kg DM) are required for 
lactating or rapidly growing livestock. In these situations, the better the feed, the greater the 
efficiency of feed use (less energy is lost as heat production while the feed is being digested). 
For example, cattle fed a ration having an MID value of 12, converted 56% of the energy 
(ME) in the feed into body energy gain. The efficiency of gain dropped by half, to 28 %, 
when they were fed a poor quality ration having an M/D value of 8. 

See Table I. 71 (over page) for groupings of feeds according to their suitability for different 
production purposes. 
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Table 1.71: Types of Feeds for Different Purposes 

Purpose 

Maintenance Only 

For Liveweight 
Gain and for 
Young Stock 

For Boosting 
Production 

Types of Feeds 

• Ryegrass I white clover pasture when rationed or when the 
MID value is less than 9. 

• Browntop dominant pasture in summer or when rationed in 
other seasons. 

• Grazed Lucerne - when rationed. 
• Unwilted silages. 
• Most meadow hays - young leafy can be rationed. 
• Lucerne hay unless cut pre-bloom. 
• Straws where the MID value is 8 to 9 - straws below a value of 

8 are sub-maintenance rations. 
• Greenfeed crops - rationed. 
• Crop residues such as peas, maize husks, apples and fruit pulps. 
• Heavily rationed grains and pulses. 
• Root crops - rationed. 

• All ryegrass I white clover pastures unless dead matter is 
greater than 20 %. 

• Browntop dominant pastures in spring. 
• Grazed lucerne. 
• Pre and early bloom lucerne hay. 
• Silages with MID values greater than 10. 
• Green feed crops used before flowering. 
• Horticultural crops, e.g., kiwifruit, potatoes, carrots. 
• All grains and pulses. 
• Root crops. 
• Pelleted feeds. 

Increasing allowance of good quality pasture. 
Very high quality wilted hays and silages. 
Grains and pulses. 
Protein concentrates such as milk powder, fish meal. 
Feeds such as pollard, linseed meal, pelleted rations and 
molasses. 

1.8.7 Feeding of Supplements and Crops 

1. 8.7.1 Concentrates 
Animal response is generally very good, because these cereal-based concentrates are high in 
digestibility although often low in protein. The problem with trying to add a dose of high 
quality feed to a basic ration is that animals will usually reduce their intake of the basic ration 
and substitute the supplement. 
Example: A grazing beef animal is eating a total of 10 kg DM per day as herbage I pasture, 

when you add 4 kg DM as concentrate. The animal reduces its herbage intake from 
10 to 7 kg DM, and the net effect is the total intake increases to 11 kg DM. Growth 
rate will increase more than might have been expected from a 10 % increase in 
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intake, because the 4 kg of concentrate is of higher energy value than the basic 
ration. 

Further information: 
When the quality of the basic ration is low, the concentrate supplement will enhance the 
efficiency of rumen fermentation (by providing better feed for the microbes) and in some 
cases will increase the consumption of the basic ration. 
When animals are grazing high quality herbage, it is not usually possible to get a good 
'add on' effect through adding concentrates because almost 100% substitution takes 
place. An exception can be the lactating dairy cow, which may respond in milk 
production to very high quality cereal supplements even when on a high quality pasture 
basic ration. This may be because the high DM content of the supplement does not cause 
much increase in rumen fill. 
When offering concentrate supplements, the quantities should be stepped up slowly over a 
long period to avoid digestive upsets (see Section 1.8. 7.4, over page). This is particularly 
important where a few greedy animals will eat the planned ration for several animals. 

1.8. 7.2 Hay and Silage 
The features of these supplements have been discussed in Section 1.8.4. It should also be 
noted, however, that heat is a by-product of digestion and this is greater from roughages, such 
as hay and silage, than from concentrates. In cold environments the heat from digestion helps 
keep the animal warm. For example, it has been estimated that the heat required to warm the 
water eaten by a sheep on a root crop in a cold winter could represent up to 15 % of the feed 
energy intake. A beneficial effect of a hay ration with the root crop is the 'heat of digestion' 
from the hay. 

1.8.7.3 

Brassicas 
Forage crops 

These can be considered to be very dilute 'concentrate' rations because they are extremely 
high in metabolisable energy (ME) as well as water. They have low levels of fibre but 
adequate protein for body growth. 
When grazing brassicas: 

Supplements of roughage, such as hay, are beneficial to improve rumen function and 
liveweight gain by providing fibre and heat from the fibre digestion process (see above). 
Feed intake will take up to four or five weeks to reach a maximum, because of the time 
required for the microbial population in the rumen to change in response to the feed 
change. This should be taken into account when planning feed programmes. 
Providing a mixed diet using a pasture run-off or hay I silage will help avoid health 
problems arising from SMCO (kale) and nitrate accumulation. 

Cereal Greenfeeds 
Nutritive value declines rapidly with advancing stage of growth and increasing yield, 
because of the stem growth. Grazing usually takes place well before emerging grain 
appears. 
Animal growth is variable, and often disappointing in young sheep. 

Maize for Dairy Cows 
Greedfeed maize is a valuable, rapidly growing crop with short, mid and long maturity 
hybrids available to provide feed 100 -130 days after planting. Protein content (low) should 
be monitored. 

Break feeding should be used to avoid severe wastage from trampling. 
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Grazing should be done before maturity because cows will select the cobs and leaf in 
preference to stalk. Over consumption of grain by some animals can lead to grain 
overload. 

Maize silage is a valuable supplement for dairy cows but should be fed at a level that ensures 
the energy and protein requirements are met. Guidelines for maximum amounts of maize 
silage, expressed as% of total DM intake are: 

early lactation 20 - 35 % 
late lactation 30- 40% 
dry COWS Up to 70 % 

1.8. 7.4 Supplements for Drought Feeding 
This subject is of particular importance to sheep farmers in drought-prone areas (the east coast 
ofboth islands). 

Introduce concentrates such as grain slowly, starting at about 50 g!head/day for ten days, 
then gradually increasing to final ration level over the next seven to ten days. 
With grain, about 3 5 kg per I 00 sheep is half maintenance; feeding above that level is not 
recommended, because of the danger of grain overload in some sheep. 
Where grain is a high proportion of the ration (200- 350 g!head/day), add I kg limestone 
per I 00 kg grain to overcome grain poisoning. 
Stubble, rationed hay, straw and 'pickings' are necessary and should be fed before the 
grain, to prevent grain over-load. 
Safest to least safe grains are: oats, barley, ryecom, wheat. 
Whole grain can be fed to sheep and deer but should be crushed for cattle. 
In severe drought conditions, rations can be fed every second day or even twice a week. 
That way all animals get something. Feeding minimum rations on a daily basis can mean 
that some stock never get any food, due to the immense competition. 
Manufactured feed pellets usually have an MID value of about I 0.5, but cost a lot more 
per tonne than a grain such as barley, yet the grain has an MID value of about 12.5. To be 
fair, the pellets usually have a higher protein content than grain and have some useful 
added minerals. Farmers should always look at the feed analysis on the feed bag and ask 
questions about the MID value (measured as MJME per kg DM). 

1.8. 7.5 Vegetable Crop Supplements 
Many horticultural and vegetable crops are now fed as supplements to ruminants. 

Over-feeding of kiwifruit can result in acidosis or death, unless pre-feeding on other 
rations is done, or there is rationing of the fruit. Kiwifruit are high in metabolisable 
energy (ME) but low in protein. 
Potatoes should be chopped and fed with roughage because animals can choke on whole 
potatoes. 
Apple pomace can be fed to 20 - 30 % in dairy rations. 
Brewers' grains are high in protein that will bypass rumen degradation and increase milk 
production. The grain must be used before it deteriorates. 
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1.8.8 Calculation of Required Feed Quantities 
(Editor's Note: See Section 1.8.13 for information about available 'software') 

In all cases the status of animals (pregnant,-dry, milking, etc.) is the starting point, followed 
by an inventory of available feed. 

When buying-in feed, it is vital to establish the purpose of the supplement. If you want to 
increase milk output in mid-lactation, because pasture is limiting or declining in quality, you 
will need to compare the range of high quality feeds. On the other hand, if you want more 
feed for dry cows, or sheep I deer in winter, you can consider poorer quality (and cheaper) 
feeds such as hay and silage. This material is considered in Section 1. 8. 6, page A-157. 

Example: Drought-feeding a flock of ewes-

Steps: 

1250 ewes to be maintained at 50 kg liveweight for 60 days 
100 ha of summer pasture is available @ 850 kg DM/ha 

I) Calculate the amount of pasture that is available per ewe, assuming pasture mass is 
reduced from 850 to 600 kg DM!ha (i.e., 250 eaten) and that the pasture will grow at 5 
kg DM!ha!day over the period: 

Available DM is [250 + (5 x 60)] x 100 ha =55 000 kg 

Pasture DM per ewe is 55 000 + 1250 = 44 kg over the 60 days 
or 0.73 kg/ewe/day 

2) The ME content of summer pasture will be about 8 MJ I kg DM, so the 0.73 kg DM 
will provide 0.73 x 8 = 5.8 MJME/day 

3) Dry sheep feed requirements for maintenance (50 kg) is 10.3 MJME/day -from the 
feeding tables in the "Supplementary Feeding" booklet (see Section 1.8.13, page 
A-173 and Section 1.2.1, pageA-5). 

4) Deficit to be met by supplement is 10.3- 5.8 = 4.5 MJME/ewe/day 

5) Available supplements are: 
wheat straw 7 MJME I kg DM (i.e., MID value of 7) 
meadow hay 9 MJME I kg DM 
barley 12.5 MJME I kg DM 

(These values obtained from Section 1.8.10, pages A-166 & 167). 

6) To obtain the extra 4.5 MJ: 
wheat straw -
meadow hay
barley-

4.5 + 7 
4.5 + 9 
4 + 12.5 

= 0.64kgDM 
= 0.50 kgDM 
= 0.36kgDM 

7) With pasture of0.73 kg DM/ewe/day, total intake from the three prospective 
supplements: 

wheat straw -
meadow hay
barley-

0.73 + 0.64 = 1.37 kg DM, or 2.7% LW 
0.73 + 0.50 = 1.23 kg DM, or 2.5% LW 
0.73 + 0.36 = 1.09 kg DM, or 2.2% LW 
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8) Will ewes be able to eat these amounts? 

Table 1.67, page A-155, shows the amount ofDM animals can be expected to eat of 
feeds differing in metabolisable energy (ME) content. 
For mature ewes, the numbers are: 

Summary: 

Ration 
ME Content 

(MJME/kg DM) 

8.0 
9.0 
10.0 

Ration 

Pasture + wheat straw 
Pasture + meadow hay 

Pasture + barley 

Feed 

Pasture + wheat straw 
Pasture + meadow hay 
Pasture+ barley 

Comments: 

Expected 
DM Intake 

(% ofliveweight) 

1.7 
2.3 
3.0 

Approximate 
ME Content 

of Mixed Ration 

7.6 
8.3 

9.6 

Expected DM Intake 
per ewe/day(% LW) 

1.4 
1.9 
2.7 

Expected DM Intake 
(% liveweight) 

1.4 
1.9 

2.7 

Required DM Intake 
per ewe/day(% LW) 

2.7 
2.5 
2.2 

The sheep can not eat enough wheat straw to get to the required 2.7% of their 
iiveweight. 
Meadow hay supplement is closer to requirement but will still not meet it because of 
intake limitation. 
Expected intake with the barley supplement can exceed that required for maintenance. 

Conclusion: 
Barley is the supplement of choice, and will also provide sufficient protein for 
maintenance since a diet of about 6 % protein is adequate (see Section 1. 8. 2. 2, page 
A-150) and both the pasture and barley are higher than this value. 



1.8.9 Dairy Cow Nutrition 

1.8.9.1 Introduction to the New Zealand Situation 

In comparison with some overseas dairy cows, New Zealand production of milk per cow is 
quite low, e.g., US Holstein cows can produce 2.7 kg milksolids (MS) per day on total mixed 
rations (TMR) while New Zealand Friesian cows may produce 1 - 1.5 kg MS/day on pasture. 
Do our pastures provide poor quality feed, or do we have poor genetics in our cows? As 
always, the answers are a bit complicated! 
Grazed pasture is not an ideal feed for dairy cows in comparison with TMR, in the following 
ways: 

It is high in water and fibre (bulky). 
ME content is usually lower than TMR (based on grain) but this is not true in the early 
pasture growing season. 
Protein content is often high and much of this is degraded in the rumen to ammonia 
and lost in the urine. 
Grazing time is long (8- 10 hours/day). 
Unlike TMR, pasture quality varies seasonally. 
Grazing management is difficult in providing generous availability while minimising 
pasture wastage. 

On the other hand, grazed pasture has some major competitive advantages over TMR: 
Relatively high feeding value at very low cost. 
Harvesting the feed directly by the cow means a major reduction in machinery, 
equipment and labour costs. 
Less net pollutants into the atmosphere. 

1.8.9.2 Feed Quality Factors 

Metabolisable Energy (ME) 
ME is usually the major limiting factor to high milk production. A 500 kg Friesian cow 
producing 2.4 kg ofmilksolids per day needs 65 MJME for 'maintenance' plus 156 MJ for 
the milk production, 221 MJ in total. In order to achieve that feed intake from pasture, a cow 
needs to eat 18 kg DM/day at an ME content of 12 MJ/kg DM. If the ME content of the 
pasture slips to·10.5, then required intake for this level of milk production moves up to at least 
21 kg DM/day. For reasons given in Section 1. 8. 6, proportionately greater quantities oflower 
quality feeds are required than you would expect. This becomes difficult, particularly if the 
pasture DM% is low (such as in spring time), and the reality is that milk production will 
decrease. In comparison, cows can eat about 24 kg DM/day of a high quality TMR. 
The following are the essential factors to maximise cow ME intake per day, from pasture: 

Sward DM % greater than (>) 16 %. 
ME content of available pasture> 11.5 MJ/kg DM. 
Low dead matter in the sward. 
Generous feed allowance: > 50 kg DM offered per cow per day. 

In comparison, these items can be completely controlled with TMR, but at what cost? 

Protein Intake 
• About two thirds of the protein available for digestion in the intestines comes from 

microbial protein (see Section 1.8.2.2), and the remainder is feed protein which has 
bypassed degradation* in the rumen. (*Due to the volume of feed put through the rumen). 
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• On a dry matter basis, feed that contains 24% protein is adequate for 2.4 kg MS/day, 
while 25 - 30 % is wasteful and> 30 % is not only wasteful, but can cause fertility 
problems. Feed examples of protein content: 

- 24 %: autumn pasture; immature lucerne; white clover 
- 25 - 30 %: leafy spring pasture; sweet lupins 
- Over 30 %: occasional lush spring grass; linseed meal; soyabean meal. 

• Where feed protein levels are very high, maize or cereal silage can be beneficial. If 
possible, spread N fertiliser applications over the growing season. 

• Recent New Zealand studies have shown that feeding 'bypass protein' (see 
Section 1.8.2.2) meal supplements at any stage oflactation is not profitable to cows on a 
basic ration of pasture plus 1 kg of barley meal per day. 

Effective Fibre 
'Effective' fibre indicates how good the feed fibre is in stimulating chewing and rumination 
(necessary for the efficient digestion and use offeed nutrients). Summer-dry Waikato pasture 
might be 100 % while lush, leafy South Island spring pasture might be only 40 % effective. If 
a pasture sample has a fibre analysis (NDF*) this number can be multiplied by 'percent 
effectiveness' ranging from 40- 100% as discussed above. (*NDF- neutral detergent fibre 
analysis- see Section 1.8.2.2, page A-149). 

For example, some spring pasture (irrigated) at Lincoln was 35% NDF. 'Effectiveness' was 
estimated as only 40% (from above) so that effective NDF (eNDF) was 35% x 40% = 14%. 
This number is quite low# and 1 - 2 kg DM/day of hay or palatable straw (60- 80% NDF, 
and 1 00 % effective) will help rumen function and animal health. (# Recent studies have 
shown that 17% effective is adequate for an all-pasture diet). 

Apart from in early spring, most dairy cow feeding situations will show that 'eNDF' levels 
are adequate. 

Soluble Carbohydrates 
USA recommendations for dairy rations say that feed should contain 35- 38% of total 
soluble carbohydrates (starch and sugar), while New Zealand pasture varies from 5- 25 %. 
The highly fermentable fibre in New Zealand pasture, however, is just as good a source of 
carbohydrate (available to the rumen as starch and sugar). This is the likely reason why 
supplements of starch and sugar (molasses, grains, potatoes) do not usually give positive 
results when fed to cows on pasture. The supplements simply substitute for pasture. 

Soluble carbohydrate supplements can be expected to be valuable when pasture quality 
falls or when feed intake is restricted. 
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1.8.9.3 Supplements for Cows 

Pre- and Post-calving (Transition Period) 
Nutrient requirements rise as calving approaches, and although DM intake tends to decline, it 
is less marked when cows are fed primarily pasture I silage. A good mix of pasture and 
pasture silage (total intake about 2% of pre-calving weight) is as good as a specified TMR 
(total mixed ration). 

There is often a problem in the spring in that cows achieve maximum milk production four 
to six weeks after calving, yet only reach maximum pasture intake eight to ten weeks post
calving. The problem can be magnified if pasture content is low in dry matter (13- 16 %). 
Mobilisation of body reserves (fat) in the first two months of!actation is inevitable. Cow 
intake of metabolisable energy (ME) can be increased in the spring by offering high quality 
supplements such as TMR or chicory silage. 

Mid-summer 
Lack of pasture is often a problem in mid-summer and supplements of maize silage are 
commonly used. Up to 30% of the milking diet can be energy supplements such as maize 
silage, but the ration is likely to be deficient in protein because of the summer pasture 
composition. Top quality pasture silage (18% crude protein) can be used to substitute for 
some of the maize silage, to meet the protein requirements. For example, summer pasture plus 
8 kg maize silage provides enough energy to produce 1.5 kg MSiday, but the protein content 
is only 12% (at least 15% is needed) so the cow will only produce 1.3 kg MSiday, and the 
rest of the feed energy will go onto her back. Substitute 4 kg of grass silage ( 18 % protein) for 
4 kg of maize silage (same ME content) and the cow will now produce 1.5 kg MSiday. 

1.8.9.4 Influence of Genetics and Cow Size 

Overseas genetics (OS) have been used in New Zealand and the cows (Holstein I Friesian) 
compared for milk production on both pasture and TMR diets. The following were some of 
the results: 
The New Zealand cows, when compared with OS cows -

Were about 70 kg lighter. 
Produced about the same MSicow on pasture, but 16 % less on TMR. 
Gained more liveweight during lactation. 
Ended lactation with a higher body condition score. 
Had a lower 'empty' rate. 

Conclusions: 
New Zealand cows performed better than OS cows when grazing pasture at low 
stocking rate. 
OS cows performed better than NZ cows on TMR. 
OS cows ate less grass than NZ cows in early lactation and more TMR in late lactation 
than New Zealand cows. 
These results have implications for the selection of sires for the national herd, and for 
the use of different dairy cow genotypes in different dairying systems. 

A -165 



1.8.10 New Zealand Feeds and their Feeding Value 

Notes to accompany this information are provided on page A-170. 
Readers are also advised to read the 'disclaimer' in the Preface of this Manual. 

DM ME Content Crude 
(%) (MID Value) Protein 

(MJME/kg DM) (%ofDM) 
Pastures 

Ryegrass I white clover dominant 
Autumn 15 10.8 25 
Winter -short 15 11.2 25 
Spring -short 15 12 22 

-mixed 15 11.2 20 
-rank 18 10.3 15 

Summer -leafy 18 10.3 15 
-dry stalky 30 8 10 

Clover in pasture (% total DM) 
1% 10.8 
22% 11.3 
47% 11.9 
70% 12.1 

Browntop dominant 
Autumn -short 15 10.8 20 
Winter -short 15 11 22 
Spring -short 15 11.5 22 
Summer -early 20 9 17 

-mid 50 7 5 

Paspalum - leafy 18 10.5 18 

White clover -summer 15 12.1 25 

Red clover -pre bloom 18 11 23 
-full bloom 25 10 18 

Lucerne (a) 
-immature 15 12 25 
-pre bloom 17 11.5 22 
- early bloom 20 11 20 
-mid bloom 23 10.5 16 

Chicory -see 'Other Crops', page A-168 

Hays Meadow hay - young early 85 9 12 
-mature 85 8 10 
-weathered 85 7 8 
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DM ME Content Crude 
(%) (MID Value) Protein 

(MJME/kg DM) (%ofDM) 

Lucerne hay (first cut) 
-pre bloom 85 10.5 20 
- early bloom 85 9.8 18 
-mid bloom 85 9 17 
-full bloom 85 8.5 15 
-weathered 85 8 12 

Red clover hay 85 8.5 15 

Oat hay -milky ripe 85 8 6 
-golden 86 7.5 6 

Silages and Balages (b) 

Pasture -leafy; direct cut 18 9.5 14 
- stalky; direct cut 22 8 12 
-leafy; wilted 28 9.5 14 
- stalky; wilted 32 8 12 

NZ 'average' silage 31 9.5 15 
'Recommended' silage 25- 30 >10 16-20 

Balage 48 10.1 12.9 

'Whole Crop' Cereal Silage 
-barley 9.5- 10.5 
-oats 8.5 - 9.5 
-triticale 9.5- 10.5 
-wheat 9.5- 10.5 

Lucerne - high moisture 23 10.5 8 

Maize -mature 35 10.5 7-9 (c) 

Straws 
Wheat 85 7 4 
Barley 85 7 4 
Oats 85 7 4 
Rye grass 85 8 6 
Pea 85 7 8 
Corn stover 85 7 5 
Maize - residue in paddocks 80 7.5 7 

Notes to accompany this information are provided on page A-170. 
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DM ME .Content Crude 
(%) (MID Value) Protein 

(MJME/kg DM) ("/oojDM) 

Green-feed Crops 
Oats -leafy 18 12.5 13 (d) 

-boot 18 11.5 8 
-flowering 20 9 6 
-milky ripe 25 8 6 

Wheat, barley, ryecorn, (e) 
Japanese millet and sorghum 
are similar to oats 

Maize -full bloom 24 9.8 10 
-milk 25 10.3 8 
-dough 28 10.4 8 

"Tama" ryegrass -leafy 15 12 24 
"Paroa" ryegrass -leafy 15 11 23 
("Italian") 
Lupins -sweet 18 10.3 17 

Other Crops (values are for South Island - other parts of New Zealand are lower) 

Swedes -whole crop 11 13 20 
Turnips -whole crop 9 13 20 
"Barkant" turnips 12.5 
"Green Globe" turnips 10 
Fodder Beet -whole crop 18 12.5 13 
Mangels -whole crop 13 12.5 16 
Kales -leaves and 15 12.5 20 (f) 

soft stems 
"Pasja" 13 12.6 17 
Chicory 12 12.5- 13 25 
Rape 17 12 16 
Fodder radish (North Island) 11 11 10 

Grains and Pulses 
Barley 85 12.5 12 (g) 
Wheat 85 12.5 12 
Oats 85 11.5 12 
Maize 85 14 10 
Sweet lupin 85 13.5 30 
Peas 85 13 30 

Notes to accompany this information are provided on page A-170. 
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DM ME Content Crude 
(%) (MID Value) Protein 

(MIME/kg DM) (%ofDM) 

Horticultural Crops 
Beetroot 13 11.7 13 
Cabbage 9 13.2 19 
Pumpkin 9 12.9 16 
Carrots 13 12.8 10 
Potatoes 23 12.3 10 
Kiwifruit 15-20 12 5 
Squash 25 12.5 

Process Crop Residues 
Peas 18 10.9 14 
Maize husks 90 9 4 
Apples 18 11.1 3 
Grape pomace 38 5.2 14 
Sugarbeet pulp 11 10.2 12 
Citrus pulp 18 12.1 7 
Linen flax screenings 90 9.8 17 
Kiwifruit pulp 8.6 
Sweetcom residue 18 10 7 

Protein Concentrates 
Skim milk powder 94 12.8 36 
Buttermilk powder 93 13.2 34 
Fish meal 92 11..5 75 

Other Feeds 
Bran 85 9.6 17 
Pollard 85 12.2 18 
Brewer's grains 75 10 25 
Linseed cake 85 12 35 
Linseed meal 85 10 20 
Grass meal 85 10 18 
Lucerne meal 86 9.5- 10.3 22 
Molasses 75 12 5 
"Proliq" 13 9 
"Tuiliq" 14 
Soyabean meal 90 13.3 52 
'Average' dairy meal 86 12 15 
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Notes to accompany the information on the preceding pages: 

a) Values are for spring lucerne in Canterbury. Values will be lower in the North Island and 
in summer I autumn. Plants are low in sodium and salt licks should be used. 

b) Trend changes1 in recent years for silage: 
ME content from 8.4 to 9.3 MJ/kg DM 
Protein values from 13% to 15% 

1 Similar trends have occurred with balage. 

c) ME content2 largely determined by% of grain since this fraction contains 70% more 
energy than the green part of the plant. 

2 Some well fermented, high grain maize silage can have ME contents greater than 11.5 
MJ!kgDM 

d) Green-feed oats may be very low in calcium and have an anti-vitamin D factor which will 
interfere with uptake of calcium. Risk of poor milk production in lactating ewes and 
ricketts in young stock. 

e) ME contents of these feeds as grown in New Zealand are not readily available. 

f) Ewes grazing kale in late pregnancy should be given iodine to protect against goitre in 
lambs. 
To prevent red-water in cattle, hay or a pasture run-off should be used. If red-water occurs 
remove from kale for a few days and re-introduce slowly. 

g) Wheat and barley are very low in sodium and calcium. Mix in salt at 15 kg/tonne and 
crushed lime at 10 kg/tonne. 
Grain should be introduced slowly over a two to three week period. 
Grain for cattle should be crushed or milled. 

1.8.11 Samples for Feed Testing 

In order to plan feeding programmes it is necessary to put quality values on feedstuffs. 
Laboratories are available on a commercial basis to carry out feed analysis. 

Sampling Feeds 
The key issue, especially with silage, balage and hay, is to test a representative sample of the 
feed. The test is only as good as the sample submitted for analysis. 

Hays 
1. 

2. 
3. 
4. 

Silages 
1. 

2. 

3. 

Take representative samples from at least six hay bales, keeping away from the 
edges and combine the lot. 
Mix it around and then split into quarters. 
Keep two quarters, discard the other two and then mix again. 
Repeat this until you get to about 500 g which should be wrapped in a plastic 
bag and sent to the laboratory, making sure you label it so that you can be sure 
that you can put the results against the correct lot of hay. 

Wait at least six weeks before taking samples so that the fermentation process 
is completed. 
Take a handful from at least ten positions across the face of the stack keeping 
away from the edges. A coring device may also be used to collect samples. 
If grain content is high in maize silage then use more sampling positions. 
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4. Mix the lot in a bucket then split into quarters. 
5. Throw two quarters away and remix the remainder. Do this several times until 

you get down to about 500 g. 
6. Put the sample into a plastic bag, squeeze out the air and tape the bag shut. 
7. You can use a corer made from a length of milk pipe to get into the stack but 

be aware that sometimes the fibrous material gets pushed aside as you insert 
the corer and you do not obtain a representative sample. 

8. With bagged or wrapped balage it is best to open just one bale, unroll it and 
take samples from several places. 

9. Store the sample in a cool place before sending to the laboratory. 
Meals and Compound Feeds 

Take random handfuls from several areas, mix in a bucket and reduce by quartering to 
about 300 g. 

Pasture 
Take at least 15 'snips' to grazing height in a typical paddock. Walk the paddock in a 
'W' track and avoid fence-lines, trees, water troughs, etc. Bulk, mix and reduce to 
about 500 g. 

Feed samples should be prepared and dispatched without delay. There are a number of 
laboratories throughout New Zealand including Lincoln University, and 'e-lab. Limited' at 
Ruakura, Hamilton. 

Interpretation of Results 
Dry Matter 

Samples are dried in an oven and the results given as % DM. 
Ash 

pH 

Dry samples are burned at high temperature and ash measured as what is left. If the ash 
content is high (> 10 %) then there is probably some soil in the sample. Organic matter 
is the DM minus minerals (ash content). 

This is only measured in silage and balage and is a measure of acidity. The lower the 
pH the higher the acidity and the better the preservation. 

Ammonia Nitrogen 
Ammonia is an indicator of protein degradation in silage. A high value (over 10 % 
ammonia nitrogen as a% of total nitrogen) is usually associated with a poorer quality 
fermentation. A figure of 5 is excellent and 5 - 8 is good. 

ME 
This important measure is an estimate of a feed's nutritive value. Results are given as 
MJ ME/kg DM and range from about 6 for very poor roughages to about 14 for maize. 
The ME content of a feed, as a measure of available energy, is usually the most 
important one. 

Crude Protein 
This is a measure of the amino acids or nitrogen used for growth, milk production and 
body function. Results are given as Crude Protein% ofDM. 
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1.8.12 Methane Production from Ruminants 

Carbon dioxide, nitrous oxide and methane are greenhouse gases which are believed to be a 
major cause ofglobal warming and there is much focus on reducing them. Methane is the 
most potent New Zealand greenhouse gas and almost all is produced from ruminant livestock. 

Sheep 53% 
Dairy cattle 23 % 
Beef cattle 18 % 
Deer and other 6% 

Methane is generated as a by-product of feed fermentation, particularly fibre in the rumen 
(90 %) and large intestine (10 %). Most of the methane is released through the mouth and 
nostrils. The gas also represents a significant loss of potentially useful energy to the animal. 
Given the clear political direction in New Zealand to reduce greenhouse gas emission what 
can be done in our ruminant farming to reduce methane production? There are options but 
many are long term and require extensive research to make them practical and economical. 
Here are a few: 

• Reduce livestock numbers - untenable. 
Modify bacterial populations in the rumen. 
Use more low fibre diets- concentrates or legumes. 

• Use feeds with condensed tannins, e.g., lotus major. 
• When dairy cows grazed sulla in comparison with ryegrass in late lactation, milk 

solids yield went up 30 % and methane production went down by 25 %per kilogram 
of milksolids produced. 

• Look at dairy cow genetics. Overseas cows produced 10 % less methane on pasture 
and 25 % less on TMR per kg of milk, when compared with New Zealand cows. 

• Invest in research that will identify other ways of reducing methane output from 
ruminants, without damaging farm output. 
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1.8.13 Nutrition References and Software 

References 
Editor's Note: In addition to the references listed below, further sources of information on the 

topic of 'nutrition' can be found in the following sections of this Manual: 
Sections 1.2.9, (page A-34); 1.3.11, (page A-64); 1.4.4, (page A-81); 
1.5.12, (page A-104); 1.6.11, (page A-129); 1. 7.13, (page A-146). 

Barry, T.N., the late March, R., Reardon, T.F., South, A. (1980). Conservation and Utilisation 
of Silage and Hay; Chapter 4: 107-156. In Supplementary Feeding (Fennessy, P.F. and 
Drew, K.R., eds.), New Zealand Society of Animal Production, Occasional Publication 
No.7. 

Burke, J.L., Waghom, G.C., Chaves, A.V. (2002); Improving animal performance using 
forage-based diets. In Proceedings of the New Zealand Society of Animal Production 62: 
267-272. 

Holmes, C.W. Pastures for Dairy Cattle; Chapter 11: 133-143. 
Poppi, D.P., Hughes, T.P., L'Huillier, P.J. (1987). Intake of pasture by grazing ruminants; 

Chapter 4: 55-65. In Livestock Feeding on Pasture (Nicol, A.M., ed.), New Zealand 
Society of Animal Production. Occasional Publication No.IO. 

Sheath, G. W., Hay, R.J.M., Giles, K.H. (1987). Managing pastures for grazing animals; 
Chapter 5: 65-75. In Livestock Feeding on Pasture (Nicol, A.M., ed.), New Zealand 
Society of Animal Production. Occasional Publication No.10. 

Woodward, S.L., Waghom, G.C., Lassey, K.R., Laboyrie, P.G. (2002); Does feeding sulla 
(Hedysarurn coronarium) reduce methane emission from dairy cows? In Proceedings of 
the New Zealand Society of Animal Production 62: 227-230. 

Software 
Editor's Note: AgResearch scientists have produced a computer program called "Be$tFeed", 
due to be released in late 2003. The program, which has been designed for use with sheep and 
beef cattle, will be offered to farmers free of charge. "Be$tFeed" has been developed to assist 
farmers make informed decisions about the selection and use of supplementary feeds. It 
assists with diet formulation and optimisation. More information is available from Meat & 
Wool Innovation Ltd. Their web-site address is: www.mwi.co.nz 
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1.9 BREEDING DATES AND PERIODS 

1.9.1 Breeding Date Table 

Time of Calving Date Lambing and Calving Date 
Service (Cattle) Kidding Date (Deer) 

July 9 April 17 December 5 
July 23 May 1 December 19 
August 6 May 15 January 2 
August 20 May 29 January 16 
September 3 June 12 January 30 
September 17 June 26 
October 1 July 10 
October 15 July 24 
October 29 August 7 
November 12 August 21 
November 26 September 4 
December 10 September 18 
December 24 October 2 May 22 
January 8 October 17 June 6 
January 22 October 31 June 20 
February 5 November 14 July 4 
February 19 November 28 July 18 
March 5 December 12 August 1 
March 19 December 26 August 15 November 7 
April 2 January 9 August 29 November 21 
April 16 January 23 September 12 December 5 
April 30 February 6 September 26 December 19 
May 14 February 20 October 10 January 2 
May 28 March 6 October 24 January 16 
June 11 March 20 November 7 January 30 
June 25 April 3 November 21 February 13 
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1.9.2 Gestation Period (Term of Pregnancy) 

Average Period Range 
(Days) (Days) 

Cow (9 months plus 9 days) 282 279-289 
Ewe (5 months less 5 days) 150 144- 156 
Hind (red) 233 226-242 

(elk I wapiti) 247 244-250 
(fallow) 229 226-242 

Goat 150 146- 152 
Sow (3 mths, 3 wks, 3 days) 114 110-118 
Mare 336 320-355 
Alpaca 345 
Bitch 63 58-70 
Cat 58 56-60 
Emu 50 50-60 
Ostrich 42 40-48 
Duck 30 28-32 
Goose 30 27-33 
Turkey 26 24-30 
Hen 21 19-24 
Pigeon 18 16- 20 
Rabbit 28 25-33 

1.9.3 'Heat' I Oestrus Table 

Duration of Recurrence if Return after 
Oestrum not Pregnant Parturition 

Cow 14 hours 21 days 40- 120 days 
(10- 18 hours) (18- 24 days) 

Ewe -2T 8- 18 hours 17 days Late summer I aut. 
(12-19days) (4- 6 months) 

-mature 20-36 hours 
Hind -red 24-36 hours 18 days 3-4 months 

- elk I wapiti 15 hours 18 days 3-4 months 
-fallow 12 hours 22 days 3-4 months 

Goat 24-40 hours 21 days 
(19- 22 days) 

Sow 2-3 days 7 days after wean 21 days 
(14- 26 days) 

Mare 4.5-9 days 21 days 9- 14 days 
(12- 25 days) 

Bitch 6- 12 days 5-6 months 
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1.9.4 Age of Puberty 

Puberty is the age at which animals are capable of breeding for the first time. The main factor 
affecting puberty is body weight, which is affected by feeding level, breed and extremes of 
climate. 

Sheep 
Cattle 
Deer- red 

- elk I wapiti 
-fallow 

Pig 

Normal Time 
(Age in Months) 

8- 12 
12- 18 
14- 16 
15- 17 

16 
4-5 
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Goat 
Dog 
Horse 

Normal Time 
(Age in Months) 

4- 12 
5-24 

12-24 



1.10 DETERMINING AGE OF LIVESTOCK 

1.10.1 Age of Sheep 

The age of sheep can be gauged approximately by the time of the appearance of permanent 
incisors, there being four pairs, all in the lower jaw. A more accurate method is by the use of 
age marks and eartags. Incisor teeth erupt as follows: 

Teeth 
First or central pair of incisors 
Second pair of incisors 
Third pair of incisors 
Fourth pair of incisors 

Age at Eruption 
12 - 18 months 
20 - 24 months 
26 - 30 months 
34 - 40 months 

Common Term 
2 tooth 
4 tooth 
6 tooth 
full mouth 

Type of feed and pasture, have a good deal of influence on the rate at which the teeth of a 
sheep begin to wear and fall out. The extent of teeth wear largely influences the age at which 
sheep are culled. 

1.10.2 Age of Cattle 

The age of cattle is often estimated from the general appearance of the animal. However, the 
time that the teeth erupt can be used as a guide to age. During the first few weeks of life, four 
pairs of temporary incisors in the lower jaw appear. These are replaced by the same number of 
permanent incisors, as follows: 

Teeth 
First or central pair of incisors 
Second pair of incisors 
Third pair of incisors 
Fourth pair of incisors 

Age of Eruption 
22 - 30 months 
27 - 41 months 
33 - 42 months 
42 months 

As the teeth of older cattle become worn, the space between the teeth enlarges and the gum 
recedes. Since factors such as level of feeding and the type of feed can influence the eruption 
of the permanent incisors and their wear, the state of the teeth of cattle should only be used as 
a guide to age. 

1.10.3 Age of Deer 

The age of farmed deer cannot be estimated accurately from their teeth, as in most animals all 
permanent incisors erupt between 12 and 24 months of age. 
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1.10.4 Age of Goats 

The age of goats can be gauged approximately by the time of the appearance of permanent 
incisors, there being four pairs, all in the lower jaw. Incisor teeth erupt as follows: 

Teeth 
First or central pair of incisors 
Second pair of incisors 
Third pair of incisors 
Four pair of incisors 

1.10.5 Age of Horses 

Age at Eruption 
13- 15 months 
18 - 21 months 
22 - 24 months 
27 - 32 months 

Common Term 
2 tooth 
4 tooth 
6 tooth 
Full mouth 

The age of older horses is more difficult to determine but, in general, the shape of the wearing 
surface of the teeth gradually change from oval to triangular, the forward pitch becomes more 
marked, and the neck of the teeth at the gums becomes narrower. At 10 years, a groove, 
known as Galvayne's Groove, appears on the upper corner incisor. At 15 years, this groove is 
halfway down the tooth, and at 20 years it is the full length of the tooth. This depends on the 
speed of eruption. 

Location of 
Teeth 

First pair of middle incisors 
Second pair incisors 
(Located at either side of 
'nippers') 
Third pair of corner incisors 

Ages at 
Eruption of 
Permanent 

Teeth 

2.5 years 
3.5 years 

4.5 years 
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'Cups' Disappear from 
Weaning Surfaces of 

Permanent Teeth 
in Lower Jaw 

6 years 
7 years 

8 years 



1.11 STOCK UNIT MEASURE 

1.11.1 Introduction 

Livestock in New Zealand are commonly given a 'stock unit' (s.u.) value or measure. The 
basic unit (one s.u.) is one breeding ewe that weighs 55 kg and bears one lamb. The amount of 
feed consumed by this ewe over a year is approximately 550 kilograms dry matter (this 
includes the feed consumed by her lamb up to weaning, at 3.5 months). 'Average' feed quality 
is assumed(~ 10.5 MID value). 

A heavier ewe, or a ewe that produces more lambs, will have a higher s.u. value, because 
of increased feed consumption. For example, ewes that weigh 65 kg and wean 120% of1ambs, 
have a value of 1.2 s.u. (see Table I. 72, over page). 

Other livestock are measured by the same standard, e.g., a beef breeding cow is commonly 
given a value of 6.0 s.u. In other words, a beef cow (with calf to weaning) consumes 
approximately six times the amount of feed as a 'standard' ewe, over the space of a year. 
Likewise, dairy cattle can be given a s.u. value (see Table I. 73, over page), although other 
measures have been developed- 'dairy cow equivalent' or 'dairy stock unit' (based on one 
cow, rather than one ewe). 

Stock units are conventionally calculated for winter tally at 1 July each year. The so-called 
'stocking rate' of a farm can be calculated by dividing the total stock units wintered by the 
effective grazing area of the farm, e.g., 3000 s.u. + 300 ha = 10 s.u. /ha. 

The validity of the stock unit system has regularly been brought into question by those in the 
agricultural industry, for example, see Section I. 7.2, page A-131. In addition, various 
researchers, consultants and organisations have, over the years, adopted slightly different 
ways to measure stock units. Researchers at Lincoln University are currently (2003) 
undertaking a comprehensive review of the stock unit system. 

Figures that have been in common use in New Zealand are presented over page. 
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1.11.2 M;A.F. Stock Unit Figures 
Source: Cornforth and Sinclair, (1984)- see Section 6.25. 

Table 1. 72: Stock Unit Measurements for EWES, Based on Ewe Weight and Percent Lambs 
Weaned (see Table 1. 74 for other sheep). 

Ewe Percent Lambs Weaned 
Weight at 
Mating 70% 80% 90% 100% 110% 120% 130% 140% 

35 kg 0.65 0.70 0.75 
40kg 0.70 0.75 0.80 0.85 0.90 
45 kg 0.75 0.80 0.85 0.90 0.95 
50 kg 0.80 0.85 0.90 0.95 1.00 1.05 1.10 1.15 
55 kg 0.90 0.95 1.00 1.05 1.10 1.15 1.20 
60kg 1.00 1.05 1.10 1.15 1.20 rl.25 
65 kg 1.10 1.15 1.20 1.25 .F3o: 
70kg 1.15 1.20 1.25 1.30 '1-.35. 

75 kg 1.20 1.25 1.30 1.35 1.40 

Table 1. 73: Stock Unit Measurements for DAIRY COWS, Based on Cow Weight and 
Milksolids Production 

Milksolids Yield 
Cow 
Liveweight 175kf( 210 kf( 245 kf( 280 kf( 315 kf( 350 kf( 
250kg 4.6 5.1 5.5 6.0 6.4 
300kg 4.9 5.4 5.8 6.3 6.7 7.2 
350 kg ' 5.2 5.6 6.1 6.5 7.0 7.4 
400kg 5.5 5.9 6.4 6.8 7,3 7.7 
450kg 5.8 6.2 6.7 7.1 7.5 8.0 
500kg 6.5 6.9 7.4 7.8 8.3 
550 kg 7.2 7.7 8.1 8.6 
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150% 

1.25 
1.30 
1.35· 
1.40 
1.45 

385 kf( 

8.2 
8.4 
8.7 
9,0 



Table 1. 74: Stock Unit Measurements for Sheep, Cattle and Deer (including young stock) 

Ewe (see Table I. 72) 
Wether 0.7 
Ram 1.0 
Hogget 30 kg, slow growth rate 0.7 

40 kg, medium growth rate 1.0 
50 kg, rapid growth rate (pre-winter hogget weights) 1.2 

Beef cow* 350 kg, 68% calves weaned 3.7 
400 kg, 83% calves weaned 4.4 
450 kg, 88% calves weaned 5.3 
500 kg, 90% calves weaned 6.3 

Beefweaners* 135- 270 kg 3.5 
Beef*, 200 - 400 kg, slow growing 3. 7 

200 - 465 kg, rapid growing 4.6 
350- 500 kg 4.7 

Bull* 500 kg 6.0 

Jersey yearling 0- 12 months 1.7 
Friesian yearling 0- 12 months 1.9 
Jersey heifer 3.0 
Friesian heifer 3.4 

Red deer*- Weaning to 15 months- Males 1.4 
-Females 1.2 

- 15 to 27 months -Males 1.8 
-Females 1.8 

- Adults - Males 2.1 
-Females 1.9 

Wapiti* -add 0.1 to red deer values 
Fallow deer- Weaner buck 0.55 

- Yearling buck 0.65 
-Yearling doe 0.55 
-Mature doe 0.9 

* See also Section 1.11. 3, over page 
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1.11.3 

Beef Cattle 

Deer 

Goats 

Horses 

Further Stock Unit Conversions 
(other sources I common usage) 

Heifer calf, autumn-born 
Rising I year heifer 
Rising 2 year heifer, empty 
Rising 2 year heifer, in-calf 
Rising 3 year heifer, in-calf 
Beef breeding cow 
Steer or bull calf, autumn-born 
Rising I year steer/bull 
Rising 2 year steer 
Rising 3 year steer, and older 
Rising 2 year bull, and older 

Nurse cow, multiple-suckled 

See Section I. 6.8.1, page A-I2I 

See Section 1.7.2, pageA-13I 

s.u. 
2.0 
3.5 
4.5 
6.0 
6.0 
6.0 
2.0 
4.0 
5.0 
5.5 
5.5 

up to 8.0 

-For non-lactating horses in light work: 3 to 7 s.u. 
-For lactating mares: up to I 0 s.u. 
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SECTION 2 

ANIMAL HEALTH AND DISEASE 
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Note: 

Contributed by: 

Alex Familton 
Veterinarian 
Ancrum Consultancies 
Christchurch 

Before reading this section, please refer to the 'disclaimer' in the Preface to the Manual. 
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2.1 DISEASE PREVENTION PROGRAMMES 

Animal health programmes need to be tailored to suit individual properties and farming 
systems. For the new farmer putting an animal health programme in place and for those 
contemplating changes to an existing programme, the following points need to be considered. 

• Check with the local veterinarian as to their availability for consultation and 
willingness to use their expertise to identify local or recent problems which need to be 
considered in the planning of such a programme. 

• Make contact with local farm advisors, fertiliser representatives, and other specialists 
to get the best possible information available for your district (using the vet as a co
ordinator if he is prepared to be involved). 
Always check with your advisors before making radical changes to an animal health 
programme on the advice of commercial representatives. Use the professionals as they 
have to stand behind their advice. 

When a programme is being planned it is well to remember that the effect of disease on an 
individual animal or population can be influenced by factors such as: 

• Nutrition 
• Management 
• Environment 
• Stocking rate 
• Reproductive state 
• Hereditary 

Good Nutrition 
Good levels of feeding can prevent many problems, including trace element 'deficiencies'. 

It is important that not only quantity but quality of the feed on offer is measured or 
understood. The ability to assess pasture mass (quantity on offer) and organise 
laboratory analyses of feed samples for such things as dry matter, energy and protein 
when necessary, enables farmers to more accurately meet the nutritional demands of 
the animals in their care. 
Feeding levels need to be adjusted according to enviroD_rnenta! conditions, age of 
stock, body condition, physiological state (e.g., late pregnancy, parturition, lactation, 
breeding, early pregnancy, after shearing). Many diseases such as Yersiniosis in 
young deer, for example, become a very serious problem when under-nutrition as 
well as stress are present. 
When introducing stock to new types of feed, the following simple precautions 
should be considered: 

Introduce stock when they already have a full stomach (of pasture, hay, etc.). 
Introduce stock gradually to the new feed (e.g., allow only short periods of 
feeding per day, over a ten day period). 
Frequently check the stock over the first three to four days on the new feed. 

Note: The precautions (above) are strongly recommended if there is a possibility that 
the new feed: 

Contains a high level of nitrates (see Section 2. 5.13.1, page B-56) 
Will be highly palatable to the stock (risk of gorging) 
Contains a high level of easily digestible carbohydrates (risk of lactic acidosis). 
See Section 2.5.14, page B-57. 
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An understanding of the possibility of toxins being present in or on the feed on offer 
is another issue which needs to be understood. Conditions such as facial eczema and 
ryegrass staggers are toxic fungal diseases which occur under specific seasonal and 
weather conditions and will affect the suitability of the feed on offer. 
The trace element levels can be assessed by laboratory analyses of feeds but it should 
always be remembered that the most meaningful information that can be obtained is 
by the measurement of samples from the animal itself (e.g., analyses ofliver samples 
using either liver biopsies on the live animal or "Optigrow" tests at the works, 
arranged through your veterinarian. Blood samples may be of value if liver samples 
are not available, particularly for selenium). Analyses of feeds is important when 
looking at things such as molybdenum concentrations and the possible contribution to 
copper deficiency, and to examine the necessity to supplement or not (e.g., copper 
content of winter feed on offer to non-lactating dairy cows). 

Stock Management 
Any farming enterprise involving the successful rearing of animals involves many inter
related management procedures. 

One important component is observation. This has been described as stock-person
ship and it is that ability to immediately identifY the abnormal animal from the normal 
animal. This is something which is often neglected on many farms. Many disease 
conditions can be controlled by early intervention if identified in the early stages. 
Growth of young animals is much more successfully monitored iflivestock are 
weighed regularly. An appreciation of target weights and achievable weight gains is 
an important component of successful management. Failure to achieve these 
objectives should signal the need for intervention, whether it be due to poor nutrition 
or subclinical disease. 

Environment and Stock Welfare 
An understanding of animal requirements to enable them to cope with environmental change 
is an essential issue for farmers to address in relation to animal welfare considerations. 

The provision of shelter for sheep after shearing and during lambing is an obvious 
issue which needs to be addressed at all times. The same applies to cows during 
calving. 
The provision of adequate shade during periods of high environmental temperatures. 
Ensuring that conditions of adequate ventilation and low humidity are present in any 
facility where animals are kept indoors. 
An appreciation of the concept of contaminated environments. This is particularly 
important in relation to gastrointestinal parasitic larval contamination of pasture. The 
level of contamination is related to the 'safety' of the pasture and dictates the 
subsequent parasite burdens ('worms') developed by the animals grazing that pasture. 
It is also important to appreciate that pastures can be infective for varying lengths of 
time with specific infective agents (e.g., the bacteria responsible for footrot in sheep 
can only live for a maximum often days on pasture). 

Impact of Stocking Rate 
It is generally accepted that there is increased possibility of disease transfer as the stocking 
rate increases. 

Increased stocking rate allows for greater contact between animals. 
However it should also be appreciated that many animals prefer grouping themselves 
into units even under extensive paddock conditions. 
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'Campsites' in extensive farm situations also contribute to greater spread. 
Yarding also aids in the spread of some diseases such as pneumonia and certain eye 
conditions. 

Reproductive Issues 
Animals used for breeding need to be in good body condition and receive adequate nutrition 
(quantity and quality). Recommended liveweights for breeding for the various breeds are 
available for most species. 

The intake of trace elements also needs to be adequate. However it needs to be 
stressed that all trace elements are toxic if given at levels above those recommended. 
Monitoring of heats and sexual activity needs to be observed during the mating period 
and if the pattern of behaviour appears abnormal (e.g., irregular returns to heat after 
mating) advice should be sought promptly. 
Check with your vet as to the recommended requirements for examination of sire 
health and breeding potential (e.g., ram palpation). 
Establishing the pregnancy status by scanning or manual rectal examination and 
making decisions as to non-pregnant animals and to providing preferential treatment 
of animals bearing multiples. 
Examination of the necessity for prevention and /or control measures for abortion and 
other reproductive diseases (e.g., vaccination for the prevention of Leptospirosis in 
cows, and Campylobacter and Toxoplasmosis in sheep). 

Hereditary Influence 
Considerable effort is now being directed to identifying and breeding from animals with a 
natural resistance to, or a reduced susceptibility to, specific diseases. When purchasing sires 
for breeding programmes, discuss with your advisors the merit in seeking these specially 
selected animals. Some examples are listed: 

Rams selected for resistance to facial eczema. 
Corriedales and Merinos selected for reduced susceptibility to footrot. 
Bulls with reduced susceptibility to cancer eye. 
Sheep selected for reduced susceptibility to parasitism. 

It is well to be aware that selection for certain traits may result in the loss of some production 
such as liveweight gain. 

Suggested Procedures to Include in an Animal Health Programme 

Regular visual observation of all animals in your care with the prime purpose of 
identifying any abnormal individuals or any abnormal behaviour. 
Regular weighing of a selected monitor group in a herd or flock. 

• Vaccination for specific diseases (do not vaccinate unless it is necessary or recommended 
by your vet). Remember that for a disease such as Scabby Mouth, vaccination should 
never be undertaken unless the disease is on the property, as with the use of this particular 
vaccine the virus is introduced to the property. Therefore, vaccination is generally an 
annual requirement from then on. 

• Regular monitoring of parasite eggs in the faeces. 
At least annual checks on the anthelmintic resistance status of the internal parasites of the 
animals on the property. 
Regular monitoring of trace element status with a vet interpretation of the results. 
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• Soil and pasture analyses. Correction of any perceived problems should be discussed with 
several advisors before attempting any major changes. Remember things such as increased 
application of potassium (K) may increase problems with blood magnesium levels 
(hypomagnesaemia) in cattle. 

• Regular blood tests on dairy cows for various indicators of animal health. A group of five 
to ten identified animals are bled on a regular basis as recommended by the vet. 

• Provision for (a) regular visit(s) by your vet to discuss the programme. 
• Veterinarian visits to check sire health and breeding potential (e.g., ram palpation). 

The above list is not, and is not meant to be, a complete list of points that should be addressed 
when developing a programme. Any such programme should be flexible enough to 
accommodate any recent developments and new problems which could eventuate (e.g., the 
diagnosis of Salmonella Brandenburg abortion in a flock of ewes) and should be specifically 
tailored to the particular property and management system being operated. The type of 
programme developed on a "Techno-System" bull rearing unit, for example, will be very 
different to that required for an extensive beef unit on hill country. 

Very few systems will be perfect and achieve complete disease prevention but most will 
provide significant improvement to the profitability of any unit if the suggestions and ideas 
outlined above are followed or used as a general guide. It is also important to remember that 
stock-owners and managers need to have an appreciation of their responsibilities toward 
maintaining and ensuring ongoing attention to good animal welfare levels within a flock or 
herd. This will not only ensure public acceptance for animal production but will also provide 
a stress-free environment in which optimum production levels can be achieved. 
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2.2 ANIMAL HEALTH BOOKS AND WEB-SITES 

The following books and web-sites are recommended to readers: 

Parasite Notes- NZ Sheep Council (1998). 
Facing up to Facial Eczema- NZSC (1999). 
Use of Trace Elements in NZ Pastoral Farming- NZ Fertiliser Manufacturers' Research 

Association (1999). 
Deer Health - Deer Farmer Publications Ltd. 
A Guide to Improved Lamb Growth - 400 Plus - NZ Sheep Council (2000). 
A. Guide to Improved Lambing Percentage- Wools ofNZ and NZMPBd (1997). 
Sustainable Control of Internal Parasites in Ruminants - Animal Industries Workshop, 

Lincoln University 1997 (ISBN 0-86476-099-X). 
The Sheep- Health, Disease and Production- Bruere and West, Continuing Education, 

Massey University. (ISSN 0112-9643). 

http://www.vetgate.co.nz 
http://www.lic.co.nz (dairy disease information). 
http://www.agresearch.cri.nz- Publications- AgFacts. 
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2.3 PARASITES OF RUMINANT ANIMALS 
(Note: See also Sections 2.4.2.4, 2.4.3.4 and 2.4.4.4, pages B -37,41 & 45) 

2.3.1 Internal Parasites 

2.3.1.1 Introduction 
Internal parasitism, together with inadequate nutrition, are two of the major constraints on 
the achievement of satisfactory growth rates in young animals. Of all the internal parasites, 
the gastrointestinal parasites result in the most serious disease problems in ruminant animals 
grazing pasture. Control and treatment of these parasites is an expensive exercise for most 
farmers, and requires a very good knowledge of their development on pasture and within the 
host animal as well as the sensible use of the drugs used for control. 

Internal parasites can produce either a clinical or sub-clinical (no obvious signs of disease) 
disease condition with subsequent loss of production. If the challenge is severe enough in the 
clinical disease situation, death can result. 

The term anthelmintic is used here to refer to chemicals used for treating helminths (worms). 
Because these chemicals can be given by injection, by pouring on the skin, by giving in the form 
of slow release capsules as well as in the form of a dose by mouth, the term "to drench" really 
does not cover the procedure for treating animals. 

Control of parasitism since the advent of very effective anthelmintics in the 1960s has 
generally been confined to eliminating the parasite from the host animals. Unfortunately, many 
commercially available anthelmintic preparations act for only a short period of time after 
administration, except for the controlled release capsules and some of the injections and pour
ons. The practice of frequent drenching (every three weeks) prevents the establishment of a 
mature adult parasite population and suppresses parasite egg production for 19 - 21 days, but 
does not eliminate the damage caused by the development in the gut of infective parasite larvae 
consumed with pasture in the intervals between treatments. The practice of frequent drenching 
also accelerates the development of resistance by the parasites to the action of the anthelmintic. 

If any worthwhile advance is to be achieved in parasite control, the importance of the 
level of larval availability on pasture (larval challenge) has to be understood. 

Provision of pasture containing low levels of infective larvae, commonly called 'safe 
pasture', for stock after drenching should always be the objective. Sound planning is required 
to achieve this goal. 

2.3.1.2 Types of Internal Parasites 
Roundworms (nematodes) are the most economically important internal parasites in 
ruminants (see Figure 2.1, over page). Liver flukes (trematodes) are a problem in some areas 
but tapeworms (cestodes) are usually of minor importance. Note: Further information on liver 
fluke and tapeworms can be found in Section 2.3.1.1 0, page B-16. 

Abomasum (4th Stomach): 
Small Intestine: 
Large Intestine: 
Liver: 
Lungs: 

Haemonchus, Trichostrongylus 
Trichostrongylus, Nematodirus, Cooperia, Tapeworms (Cestodes) 
Oesophagostomum, Bunostomum 
Liver flukes (Trematodes) 
Lung worm (Dictyocaulus) 
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Figure 2.1: Adult Nematode. Cestode and Trematode 

intestine 

Nematode 

4 suckers 

ventral sucker 

Proglolllds 

Cestode Trematode 

2.3.1.3 Parasite Biology and Life Cycles 
Farmers can no longer place total reliance on the continuous use of chemicals to control 
parasites. By understanding the biology of parasites it is possible to reduce reliance on drugs. 
Life Cycle 
All parasitic nematodes have an essentially similar life cycle (see Figure 2.2, over page). The 
mature adult female lays eggs, after mating, in the gastrointestinal tract, which pass out in the 
faeces. Under suitable conditions the first larval stage (11) develops in the egg, hatches out 
and then develops through a second larval stage (12), still within the faeces. The third or 
infective larval stage (13) migrates from the faeces on to pasture. Development through the 
fourth stage to the adult is dependent on ingestion of the third. stage by a suitable host animal. 

Exceptions to this type of life cycle are Nematodirus (primarily a parasite of lambs) which 
achieves the third larval stage within the egg, thus accounting for the observed longevity of 
the parasite on the pasture, and Dictyocaulus (lungworm) which is passed as first stage larvae 
in the faeces. 
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Figure 2.2: Typical Life-cycle of Most Internal Parasites 

Reproduced with the permission of Merial NZ Ltd 

Development and Survival of Internal Parasites 
Without rain and moisture, larval development in the faeces cannot be completed and the 
process is stopped permanently (or delayed) if the conditions are hot and dry for long enough. 

Eggs hatch after about 24- 36 hours in the presence of moisture. Temperature is also 
critical and development is faster with warmer weather. In very hot and dry conditions eggs 
die, but in cool to cold conditions they can remain capable of hatching for many months. 

After eggs hatch, the larvae, still in the faeces, take about a week to develop into the 
infective or L3 stage. Although these infective larvae cannot feed, they can survive for many 
months when temperatures are cool or temperate. On the other hand, larval death rate 
increases as the weather becomes warmer because more of their limited energy reserves are 
used. Larvae are killed by extreme climatic conditions, but the mild moist conditions that 
occur in spring and autumn, and even the winter in many parts of New Zealand, favour their 
development and survival. Some species of L3 larvae can live under snow for up to three 
months. 
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It has been estimated that about 95 - 99% of the parasite population is located on pasture 
(under normal climatic conditions). This may be less under drought conditions. If protected 
by green pasture during warm to hot weather in wet areas (such as swamps, dams, and 
creeks), larvae can survive for several weeks or months. Green pasture, particularly if 
irrigated, should always be considered a possible source of infection, even in summer and 
winter. The third or infective larval stage (L3) moves out of, and away from, the faecal pat. 
The horizontal distance moved is dependent on moisture levels. Under good conditions larvae 
can travel at least 20- 30 em away from the faecal pat. The vertical distance moved is also 
dependent on moisture levels. About 50 % oflarvae on pasture plants have been found in the 
first two centimetres of the plant above ground level or in the first centimetre of soil. 
Therefore animals that are forced to graze the pasture to a low level will generally be exposed 
to a higher challenge, but as pasture level is reduced a higher proportion of larvae will be 
exposed to adverse climatic conditions and fail to survive. 
Pasture Contamination (Eggs and Larvae) 
Contamination of an area with infective larvae depends on the concentration of stock and the 
number of eggs being dropped in the faeces. If animals are widely dispersed, then worms are 
less likely to be a problem than if animals are concentrated on a small moist area. 
Trichostrongylus and Ostertagia females lay around 500 - 1000 eggs a day, whereas a 
Haemonchus female can lay up to 10 000 eggs a day. If the output of 40 hoggets grazing on 
one hectare of pasture is 24 kilograms of faeces per day and this contains 150 parasite eggs 
per gram, then 3 600 000 eggs are being deposited on the pasture each day! If the survival rate 
of these parasites is 15% then the potential contamination is substantial with a resultant 
infective larval population of540 000 per hectare over a ten-day period. 
Nematodirus: Nematodirus can cause scouring and weight loss in young sheep under certain 
conditions. Typically this occurs in lambs grazing short green feed following rain or 
irrigation, which allows for a mass hatching of the very resistant Nematodirus eggs deposited 
on pasture over the preceding year. 

2.3.1.4 Susceptibility of Livestock to Internal Parasites 
Factors resulting in changes to the susceptibility of animals to challenge from internal 
parasites are many. Some of these are listed. 
Health 
Animals subject to poor nutrition and any other disease, whether it is clinical or subclinical, 
suffer more severely from the effects of parasites than the healthy animal. Deficiencies in the 
diet of trace elements, such as copper and cobalt, can increase susceptibility to parasitism. 
Age 
With increasing age, the ability of the animal to withstand parasitic challenge increases. In 
practical terms this means that some older animals (i.e., older than 20 months) can graze 
heavily contaminated pasture and suffer less production loss than would younger animals. 
Host Specificity 
Most gastrointestinal parasites are host specific. Parasites of cattle generally do not infect 
sheep, and vice versa. Alternate grazing of pasture with sheep and cattle is a useful grazing 
management technique to reduce pasture larval populations. Goats are an exception, in that 
they may allow both cattle and sheep parasite larvae to develop to maturity within the 
digestive tract (see Section 2.4.4.4, page B-45, and Section 2.4.3.4, page B-41 for deer). 
Relaxation of Immunity 
Relaxation of immunity occurs in adult sheep around lambing. This allows an increase in the 
numbers of parasite eggs returned to pasture. The wool production and milking ability of the 
ewe may be impaired, depending on the level of challenge. However, it should be remembered 
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that severe stress and possibly other factors might influence the immune status of the adult 
animal at other times during the season. This phenomenon is not nearly as marked in cattle or 
deer. 

2.3.1.5 Effect of Internal Parasites on Stock 
Gastrointestinal parasitism causes very significant losses in our pasture-fed animals in New 
Zealand. Clinical disease resulting from this condition frequently results in diarrhoea and poor 
growth rates. Many of the clinical signs observed do not immediately suggest that the animals 
are suffering from parasites. This makes it very important to confirm a diagnosis of parasitism 
before spending large sums on expensive treatment. Significant production losses also occur 
when the sub-clinical disease condition (no obvious signs of disease) affects animals. This is 
very difficult to identify unless, for example, weight gains are being monitored. 

Gastrointestinal parasite infections in young animals can result in substantial production 
losses, through reduction in liveweight gain (up to 50%), wool production (up to 25 %), and, in 
extreme cases, death. Even with low numbers of parasitic larvae on pasture (less than 200 larvae 
per kg of fresh herbage), reductions in productivity can occur and these losses can be substantial 
on a flock or herd basis. 
The effects on metabolism and performance are wide-ranging and include: 

depression of appetite -+ reduced food intake 
changes in mineral metabolism -+ smaller skeleton, etc. 
changes in protein metabolism -+ reduced musculature 
gastrointestinal abnormalities -+ diarrhoea. 

These effects can be confused with, and may exaggerate, the effects of several nutritional 
deficiencies. The consequence is one form of 'ill thrift' which results in a severe reduction in the 
efficiency of utilisation of feed as well as reduced growth rates. There is very little doubt that 
effective parasite control in young animals can contribute to production gains, but animals 
resistant to larval challenge (as judged by the absence of worm eggs in the faeces while 
consuming larvae) may also suffer significant production losses. This emphasises the need to 
reduce, if at all possible, the numbers of larvae on pasture. High numbers of larvae on pasture 
will significantly reduce animal production no matter how frequently anthelmintics are given. 
The critical thing is to attempt to reduce the daily larval challenge animals are being subjected 
to if production is to be optimised. 

2.3.1.6 Drenching with Anthelmintics 
Since the arrival of the new broad-spectrum anthelmintics there has been total reliance by 
most farmers on these products to give total control of parasite problems. The products were 
so successful that other methods of control were neglected. Today, with the failure of these 
anthelmintics in some situations, we have been forced to be acknowledge their limitations and 
be more selective in their use. 

Control methods must be used intelligently with an awareness of the consequences. New 
Zealand sheep farmers alone spend approximately $28 million each year on anthelmintics and 
it could be argued that a large proportion of this drench is used ineffectively. The 
anthelmintics currently available have little if any residual effect after a few days (except for 
the controlled release capsules [CRC] and some injections), so that the animal is open to 
challenge from infective larvae on pasture. Unfortunately, considerable damage can be done 
at this stage to the host by the immature larvae during development stages within the animal. 

There are three major groupings of these drugs. Firstly the benzimadazoles and the 
probenzimadazoles which act by interfering with the metabolism of the parasite, secondly the 
levamisole and moran tel clear anthelmintics, and thirdly the endectocides (also clear 
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anthelmintics, which have an effect on some of the external parasites as well). These last two 
groups cause paralysis of the parasite and because of their mode of action are not ovicidal (do 
not kill the eggs). 

In addition, combination drenches (such as mixtures ofbenzimadazoles and levamisole) are 
available. These can be used in some simations where resistance to either of the active 
compounds has been diagnosed. It is advisable to seek veterinary advice before including 
combinations into a drench rotation programme. 

One of the major concerns at the present time is the development of anthelmintic resistant 
strains of parasites. Fortunately there have been only a few cases of multiple resistance recorded 
in sheep in New Zealand (parasite resistance to several types of a:nthelmintics). 

A sensible approach to the use of these drugs can be achieved by following some basic 
recommendations, which will help delay the onset of anthelmintic resistance. (See also Section 
2.4.2.4, page B-37 on problems associated with anthelmintic resistance of Cooperia spp. in 
cattle). 

o Drench all stock coming onto the property with a quarantine drench (such as a dose of 
endectocide and I or a dose of levamisole or combinations at 1 - 1.5 times the normal 
dose). Hold these animals on a separate holding paddock for seven to ten days. 

• Dose to the weight of the heaviest animal in the group (never under-dose). 
o Make sure that the dosing gun is delivering the correct amount of anthelmintic. 
o Position the drench gun over the tongue and do not deliver the drug forcefully (try and 

avoid triggering the reflex which bypasses the rumen. This in effect results in under
dosing particularly with the white and the endectocide drenches). 

o Do not drench unnecessarily. 
The recommendation to change anthelmintic families on an annual basis is being questioned 
by several authorities at the present time, so it would pay to discuss this with a veterinarian if 
the question arises. 

Monitor the effectiveness of the drenches annually by taking faecal samples 7 - 14 days 
after treatment and checking for parasite eggs (a 'drench check'). If the drench is effective 
there should be no eggs (or very few) present until 19 - 21 days after treatment. If eggs are 
present it pays to establish the species of parasite to which resistance has developed, and to do 
a Faecal Egg Count Reduction Test (FECRT) as this may affect your future anthelmintic 
usage. For example, if Nematodirus is showing resistance to benzimadazoles it may still be 
possible to use these products in adult sheep which generally do not have active Nematodirus 
populations. 

The question of the use of 'controlled release' capsules in animals under the age of 12 
months should be considered carefully and it would be wise to obtain professional advice before 
using these in young animals. 

2.3.1.7 'Safe' Pasture for Internal Parasite Control 
The control of internal parasites is not simply a matter of the use of anthelmintics*, but 
involves an appreciation of many other factors. When undertaking a control programme it is 
necessary to look at all these factors. 

[* Simply drenching with anthelmintics at times of risk is an highly inefficient means 
of parasite control. (Parasites may also affect stock production even when there are no 
obvious signs of disease)]. 

Any di~cussion of parasite control of necessity involves the use of' safe' pasture. Safe pasture 
is defined as pasture that has minimal levels of infective parasite larvae. The major difficulty 
at present is the implementation of these objectives. Under an all-grass system of farming, 
provision of enough safe pasture for animals is one of the major stumbling-blocks. 
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There is no one complete set of recommendations which will cover all farming operations. 
"Preventive control" can be defined as a method to use pasture grazing management, the use 
of the natural immunity of older animals or other species, and if necessary the use of 
anthelmintics (applied strategically) to reduce the parasitic challenge to young animals. 
Method of production of safe pasture for sheep: 

• Use of forage crops. 
• Use of new pasture. 
• Use of aftermath following hay or silage production. 
• Grazing pasture with hoggets treated with anthelmintic within the last three weeks. 
• Grazing pasture with ewes treated with anthelmintic within the last three weeks. 
• Grazing with alternative species such as cattle (not goats). 

It is unlikely that safe pasture will result from spelling paddocks for periods less than eight 
weeks (except in very dry conditions), or from grazing pasture with undrenched pregnant or 
lactating ewes or undrenched hoggets. 

2.3.1.8 Alternative Methods of Control of Internal Parasites 

Breeding for Natural Resistance 
Breeding for natural resistance is a very important aspect in parasite control. Some animals 
and breeds have a greater natural resistance to disease challenge and if breed selection is 
based on these animals a gradual decrease in the severity and incidence of the disease 
condition should eventuate. The progress which can be made is very much dependent on the 
heritability of the trait. At present, selection for parasite resistance is based mainly on 
differences in faecal egg counts over time and possibly antibody tests on blood samples. 
Considerable progress has been made in this area. However if a genetic marker can be found, 
this could speed up the selection process considerably. 
Good Nutrition 
It has been known for many years that when animals are fed well the production losses and 
mortality rates due to parasitism are greatly reduced. Many plant species have been associated 
with a reduction in the effects of parasite challenge (notably sulla and lotus). Whether this is 
as a result of an unfavourable environment for larvae, or as a result of the plant components 
such as tannins, is the subject of considerable research. It has also been shown that a diet 
which contains a significant amount of protein, which is not broken down in the rumen, can 
reduce both the establishment rate and the egg output of the parasites in both lambs and 
pregnant ewes. 
Biological Control 
There has been very little systematic research into biological control of parasites. It is 
expected that biological control will be directed against the free-living stages of the parasite 
on pasture. It has been shown that some fungi can either kill, or are toxic to, parasitic larvae 
within the faeces. It has also been shown that both insects and worms can prey on larvae. 
Immunity 
It is has been recognised that as a sheep ages the natural immunity to parasites, as a result of 
exposure, develops. Considerable work has gone into developing vaccines, but to date, apart 
from some limited success with Haemonchus, very little progress has been achieved. A lamb 
or hogget, as a result of constant and very small doses of larvae from pasture, can develop a 
valuable immunity. The big problem has been to try and regulate the levels of larval intake in 
the field without adversely affecting production. 
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2.3.1.9 Key Points for Effective Control of Internal Parasites 
-A Summary 

At the present time many farmers are wasting money by treating animals with anthelmintics at 
the wrong times. Effective parasite control and increased stock performance can be achieved 
with minimal use of anthelmintics and a sensible approach to pasture and grazing 
management. Monitoring of faecal egg counts, regular weighing and good observational skills 
together with sound veterinary advice can reduce anthelmintic usage while still maintaining 
optimal growth rates. It is important that the chemicals used for the treatment of parasites in 
ruminant animals remain effective for many years to come. Total blind reliance on 
anthelmintics as the only form of parasite control will lead to their eventual ineffectiveness 
sooner rather than later. Generalised recipes for treatment programmes should be avoided and 
farmers are advised to discuss parasite control with their veterinarians. 

Finally, no system is fool-proof and the accurate diagnosis of an outbreak of parasitism is 
often overlooked. It is important that break-downs in parasite control programmes are 
effectively investigated. 
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2.3.1.10 Tapeworms, Sheep Measles and Liver Fluke 

Tapeworms 
In some areas of New Zealand tapeworms (Cestodes) are regarded as being a problem in 
lambs. To date there has been little proof to substantiate this claim. It has been suggested 
however that tapeworm infection in lambs may predispose the lamb to fly-strike or 
enterotoxaemia (pulpy kidney). The life-cycle involves the Orbatid mites found on pasture 
(see Figure 2.3). Tapeworms are more complex parasites than nematodes. 

Fi~ure 2.3: Life Cycle of Tapeworm ICestodesl 

Adult tapeworm in small intestine 

Mite on grass eaten by cattle Mite eats tapeworm egg Tapeworm egg in proglottid 

Dung pat containing proglottids 

Reproduced with the permission of Merial NZ Ltd 
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Sheep Measles (Taenia avis I Cysticercus avis) 
(Note: Sheep measles, hydatids and Cysticercus bovis are discussed at length in "AgFact" 
No. 28, see web-site page B-7). 
Since the successful hydatids eradication campaign, attention has turned to the problem of 
'sheep measles' (Taenia avis I Cysticercus avis- sometimes referred to as C. avis). The 
market is dictating the necessity for control/eradication. 

The life-cycle (see Figure 2.4) involves an intermediate host in the form of a sheep. The 
potential for this parasite to multiply, and the fact that it exists for a long time in the 
environment, should be noted. 

Control/ prevention is being attempted by dosing dogs with anti-cestodaldrugs at regular 
intervals and avoiding access by the dogs to raw sheep meat that has not been frozen for at 
least seven days at -1 0°C. It has been stated that this condition will be more difficult to 
eradicate than hydatids. 

There is a long way to go before this disease will be under control. 

Figure 2.4: Life Cycle of Sheep Measles (Taenia ovis) 

Six weeks to develop 
to mature tapeworm 

When infected meat is eaten 
by dog, can develop into 

tapeworm. 

Treat meat by freezing 
for seven days at -1 0°C 

DOG 

Primary Host 

Taenia avis 
tapeworm in 

dog's intestine 

Eggs passed out in 
proglottids in the faeces. 

Each segment passed from the 
rear of the tapeworm (as it 

matures) can contain 

Eaten by sheep with pasture. 
Develops into Cysticercus 

avis in muscle. 
('Sheep Measles') 
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Liver Fluke (Fasciola hepatica) 
Liver fluke infection can be a problem in some areas. This condition is found in wet, damp 
areas with an absence of fast running water. The life-cycle of fluke can only occur where 
Lymnead snails are found. Severe liver damage can occur as a result of bile duct damage 
caused by the fluke, following migration from the gut to the liver (see Figure 2.5). Specific 
drugs (called flukicides) are available to treat the condition. Other control measures include 
reduction of snail populations and the avoiding of grazing near wet areas, if possible. 

Figure 2.5: Life Cycle of Liver Fluke 

Reproduced with the permission of Merial NZ Ltd 
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2.3.2 External Parasites of Livestock 

2.3.2.1 Chemical Treatment and Prevention of External Parasites 
Chemicals are important tools that are needed on most farms to protect sheep against fly and 
louse attack, and cattle, deer and goats against lice. However all tools can be misused. All labels 
should be read before use. 
The chemicals concerned are toxic to the environment and pose health risks to people 
handling animals and I or product. 
Three groups of compounds are available: 

Organo-Phosphates (OPs) 
• Used in shower and plunge dips. Interfere with insect nerve transmission and have a 

rapid kill on maggots. Some flies have developed resistance to OPs, but so far no 
resistance with lice (2002). 

• Differing protection: - Propetamophos four to six week's protection. 
- Diazinon dip two to three weeks. 

• Are very toxic to mammals, but break-down rapidly in the environment and fleece, so 
are suitable for short-term fly protection inside the shearing withholding period. 

Synthetic Pyrethroids (SPs) 
• Disrupt the nervous system of the insects and are less toxic to mammals but very toxic 

to fish (and therefore adversely affect effluent discharges from wool processing plants). 
• Used as back-line treatments or dips. 
• Irritate the operator's exposed skin (protective clothing required). Use may soon be 

restricted (2002). 
• Spray-on SPs. Used to achieve high levels of chemicals on surface of fleece to disrupt 

egg laying by flies. Only the areas sprayed will be protected from fly attack. 
• Pour-on SPs. Used for lice control-- best used off-shears. These work by spreading 

around the sheep's body in the grease layer. Can take up to four to six weeks before 
maximum kill is achieved. Lot of SP resistant lice in New Zealand. 

Insect Growth Regulators (JGRs) 
• Group of various chemicals (four available). 
• Can be applied by hand jetting, saturation dipping or use of spray-ons and pour-ons. 
• Effective against the immature forms of flies and lice. 
• Work by upsetting the moulting process. Not suitable for treating fly-strike and adult lice. 
• May take up to six to eight weeks to die naturally after dipping. 
• Expensive, but provide up to 10 - 14 weeks protection against fly-strike. 
• Very low toxicity to mammals, but toxic to aquatic invertebrates and take a long time to 

break down in the environment. 
Chemical Withholding Times 
As a general rule the following withholding times for wool, after treatment with OPs, SPs and 
IGRs, should be followed unless there are exceptions noted on the label (for example, spot 
treatment for fly-strike): 60 days for cross-breds 

100 days for mid-micron breeds 
180 days for fine wool breeds 

ELISA' Test for Lousiness (information supplied by WoolPro) 
The 'louse test', available through veterinary practices, is a sensitive laboratory test (detects 
low levels of louse infestation) for a specific louse protein on the fibre. Advice from a 
veterinarian should be sought in the interpretation of the louse test results or on louse control 
methods that may be needed. 
Fleece samples are taken at skin level, from the side of the sheep by the shoulder.· 
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2.3.2.2 Fly-strike of Sheep 
Fly-strike is a disease caused by the invasion of the body tissues of livestock by the larvae of 
a number of species of blowflies. In New Zealand, sheep are the main animal affected, but 
goats and cattle can sometimes be subject to fly-strike. From 1982 onwards the prevalence of 
fly-strike increased with the presence of the Australian green blowfly. This turned fly-strike 
into a year-round problem with more sheep affected and greater economic losses experienced. 

Fly-strike occurs with varying degrees of severity over the whole country. In general, fly
strike is more common and severe in coastal districts of the North Island, occurring where 
warmth and moisture prevail in combination, although stock in the hinterland, where deeply 
dissected country is a feature of the topography, can also suffer severely from the disease. 

Increased faecal contamination of wool (dagginess) will contribute to susceptibility to 
fly-strike. 
Seasonality of Fly-strike 
In the North Island, fly-strike is now seen throughout the year, although there is still a 
seasonal trend in terms of frequency of occurrence. The South Island still has some fly-free 
months (see Figure 2.5). Four species of blowflies that commonly initiate fly-strike in New 
Zealand are Lucilia cuprina, Lucilia sericata, Calliphora stygia and Chrysomya rufifacies. 

Figure 2.5: Seasonal Pattern of Blowflies in the North and South Islands 
(Width of polygons represents relative abundance of each species) 
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Strike Sites On Sheep 
As a general rule, fly-strike is a disease of young sheep, particularly those in the first year of 
life. Not all parts of the sheep's body are equally at risk to fly-strike, with more than 80% of 
all strikes occurring over the hindquarters and around the perineal regions (see Figure 2.6). 
The mid-body, chest and belly respectively are considerably less affected by fly-strike. 

Figure 2.6: Distribution of Fly-strike on Sheep 

2.3.2.3 Lice, Keds and Ticks 

Lice 
Lice infestation is a common problem in all animals. Several species are involved and can 
include biting and sucking lice. They are generally host-specific. The degree of damage to 
both animal and the skin is dependant on the level of infection and the health status or age of 
the animal. The complete life-cycle is spent on the animal and populations generally peak in 
the winter months. 
Keds 
Keds (sometimes mistakenly called ticks) are wingless flies (Melophagus ovinus) and as a 
result of insecticide use are becoming very uncommon. Cause only minor skin irritation 
unless large numbers are present. 
Ticks 
Cattle tick (Haemaphysalis longicornis) is present in the northern areas of the North Island. It 
is what is referred to as a three-stage tick and can be found on many animals (see Figure 2. 7). 
The adult stage can cause severe damage as a result of blood loss in the host animal in the 
November - December period. This can produce serious problems in young deer as a result of 
blood loss and damage to velvet antler in stags. Veterinary advice should be sought as what to 
use, and when. 
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Figure 2.7: Life Cycle of Cattle tick 

Young adults 
mature to adult 

~attle then drops off 
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Young adults attach 
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I 
I 
I 

Seed ticks drop from 
the host and molt 

Nymphs attach to 
the host for another 
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egg and attach themselves to 
the host and take blood 

Reproduced with the permission of Merial NZ Ltd 

Note: In any stage of the multi-host tick life-cycle, the host may be the same animal, another 
animal in the same species, or a member of another species. 
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2.4 COMMON DISEASES OF LIVESTOCK 

A list of the more common diseases of grazing livestock in New Zealand follows. The information is not intended to be a complete text on the 
identification, treatment and control of every disease but is intended to be used as a ready reference of the more common conditions. 

2.4.1 Common Diseases of Sheep 

2.4.1.1 'Metabolic' Diseases of Sheep 

Clinical Signs Treatment I Control I Prevention Remarks 

Milk Fever Ewes generally go down within six Calcium borogluconate injection- see Occurs as a result of low blood 

(Hypocalcaemia) weeks of lambing and are unable to rise. Section 2.5.10, page B-53. calcium levels. Treated animals 
Defaecation and urination is absent and Care should be taken when grazing may abort on recovery. Can be 

[See also 
animals appear bloated. Generally die if green-feed oats and hybrid ryegrasses precipitated by feed changes, 
not treated. There is often a frothy white during the late winter I spring. yarding and weather changes. 

Sections 2. 5. 9 or greenish discharge from the nostrils, 
and 2.5.10] and hind leg(s) stuck out behind ewe. 

Pregnancy Ewes generally go down in the period six Treatment more successful if started in Generally occurs in 

Toxaemia to eight weeks prior to lambing and are the early stages before the ewe goes twin-bearing ewes ('twin-lamb 

(Sleepy 
unable to rise. Generally occurs over a down. Treatments include; disease'). A shortage of good 

Sickness) 
two to three day period unless stressed. 1. Oral dosing - see Section 2. 5.12. 2, quality feed and over-fatness in 
Animals can still defaecate and urinate. page B-55. early pregnancy may contribute 
Appear hollow and are reluctant to eat. 2. Shearing affected ewes in the early to the development of this 

[See also Section Generally die if not treated and treatment stages of the disease while still condition. 
2.5.12.2, is not very successful. active. Can be precipitated by feed 

page B-55] 
Provision of good quality feed in late 3. Caesarean section. changes, yarding and weather 
pregnancy is essential and is especially changes. 
necessary in those ewes that have been 
treated. 



Clinical Signs Treatment I Control I Prevention Remarks 

Lactic Acidosis This condition can occur when sheep Treatment is generally unrewarding - When feeding grain, a gradual 

(Grain gorge on highly fermentable see Section 2.5.14, page B-57. introduction and increase over 

Overload) 
carbohydrate feeds, such as grain, fruit or Responses are related to how much 10 - 20 days is advisable. Sheep 
highly palatable crops or grasses. The carbohydrate has been consumed. grazing stubble or highly 
carbohydrate is fermented and high palatable feed paddocks should 

[See also levels of lactic acid can be produced in only enter with a full stomach 
Section the rumen. The pH of the rumen contents (of pasture, hay, etc.). Allow 
2.5.14, decrease and can result in abdominal only short periods of feeding 

page B-57] pain, diarrhoea, staggering gait, (four to five hours per day) 
recumbency and finally death. Milder until they have acclimatised. 
cases can recover but abortions, founder Watch carefully for three to 
(lameness) or wool loss may be four days. 
observed. 

2.4.1.2 Infectious Diseases of SheE!.Q 

Clinical Signs Treatment I Control I Prevention Remarks 

Clostridial Enterotoxaemia (Pulpy Kidney) No treatment. '5 in 1' clostridial These bacteria can be common 
Diseases Blackleg, Malignant Oedema, Black vaccines are the standard means of contaminants in the 

Disease (Blood Poisonings) prevention. The incidence of both environment. 
Sudden death- generally no clinical blood poisonings and tetanus can be 
signs. Rapid putrefaction of carcass with reduced by improved hygiene in the 
blood discharges from body openings. surrounds and with any manipulations 
Tetanus such as surgery or assistance at 
Paralysis with extended legs and arched lambing time. Antibiotic treatment can 
back and neck - death over a two to three be used to prevent infections in some 
day period. cases. Enterotoxaemia is often 

associated with animals doing well. 



Clinical Signs Treatment I Control I Prevention Remarks 

Footrot A bacterial disease of the feet of sheep • Culling (if the incidence is low). Foot Scald can be described as 

(Foot Abscess and goats caused by Dichelobacter • Pasture and yard hygiene (making sure an ulceration of the interdigital 

and Scald) nodosus. Entry occurs as a result of clean stock do not go across areas groove causing an acute 
ulceration to the interdigital groove with where infected animals have been in lameness. It can progress to 
spread to the hooves. Lameness results the last ten days). footrot, if the bacterial cause of 
from the pain associated with the • Paring of over-grown or under-run footrot is present in the flock. 
separation of the hoof and the sensitive hom I hoof in affected animals. This Considerable success has been 
layers underneath as a result of the has the advantage of exposing the achieved in selecting sheep that 
infection. The environmental factors that bacteria to the air. are tolerant of footrot. Lincoln 
help in the spread of footrot are: • Antibiotic injections. University has developed a 
• High annual rainfall or irrigation. • Vaccines are available, but the length gene test that is now . Seasonal rainfall in spring and of protection may vary depending on commercially available to ram 

autumn (and even summer). the breed. breeders. The test is called the 
• Poor soil drainage. • Footbaths: Lincoln University Footrot 
• Succulent pasture species. - Formalin (recommended Gene-marker Test. 
• warm seasonal temperatures (> 1 0°C) dilution of 5% ). . Breed of sheep (fine-woolled sheep - Zinc sulphate solution (1 0% ). 

more susceptible). Sheep should be allowed to 

High stocking rates facilitate spread. stand in this solution for at 

. The bacteria do not grow well in the least 30 minutes if possible 

presence of air. So paring the hoof (see "AgFact" on Footrot, 

away from the infected area will see web-site, page B-7). 

expose the bacteria to air, thus killing • Good management. It is important to 

large numbers. try to use eradication or control 

• The bacteria only last for a maximum programmes during periods when 

of ten days on pasture. Under hot, dry there is very little possibility of spread, 

conditions this period is even shorter. such as the winter or a very dry 
summer. 



Clinical Signs Treatment I Control I Prevention Remarks 

Enzootic Pneumonia is a very common finding in Antibiotic injections may help affected Stress periods such as 
Pneumonia sheep in New Zealand. Development is animals but will not be effective in the mustering, yarding in dusty 

(Hogget due to a viral (or Mycoplasma) infection, early viral stage of the disease. A conditions, drenching and 

Pneumonia) which can become secondarily infected Pasteurella vaccine ("Oviplast Plus") transporting may contribute to 
with Pasteurella bacteria, resulting in a is available and has been shown to the spread of the disease. 
severe pneumonia of the lung tissue. reduce the severity of the disease in 

lambs. Two doses four to six weeks 
apart at least two to three weeks prior 
to expected outbreak is recommended. 

Caseous An infection of the lymph glands with Antibiotic treatment is generally of Handpieces contaminated with 
Lymphadenitis Corynebacterium avis. The bacteria little value without drainage of the pus at shearing can result in 

(CLA, 
usually gain entry via shearing cuts. abscess being attempted. Vaccines for spread. As older sheep are more 
Holding sheep in dusty yards is known to the prevention of the disease are likely to have an infection, 

Lympho) increase the disease incidence. Thick available ("Glanvac 3" and "Glanvac young sheep should be shom 
green pus forms within the abscess in the 6") given at docking with a booster first. 
gland and rupture of these abscesses is four to six weeks later or at weaning 
responsible for the spread of the followed by an annual booster. 
infection. Disinfection of shearing equipment is 

essential. 

Scabby Mouth A viral disease of sheep and goats Live vaccines are available but as they The virus can last for long 

(Contagious 
resulting in scab formation on the lips, contain the live unattenuated virus they periods on the ground. 'Carrier' 
nostrils and face. Occasionally causes should only be used on properties sheep are also involved in the 

Ecthyma, Orf) problems on the tongue, udder, coronet where the virus is already present. spread of the disease. 
and poll. Generally self-curing in two to Vaccination sites should be checked 
four weeks but can still result in for scab formation about seven to ten 
substantial production losses due to days following vaccination to check 
interference with feeding. Virus enters the vaccine is working. Antibiotics 
the body through a break in the skin, should only be used if a secondary 
(e.g., thistle, gorse). Can affect humans bacterial infection is present with pus 
(called Orf). formation. 



Clinical Signs Treatment I Control I Prevention Remarks 

Johne's Disease A chronic disease affecting the intestines Appears to be contracted early in life Diagnosis is by faecal 
of ruminants caused by Mycobacterium and has a very long incubation period examination and I or blood 
paratuberculosis (a bacteria related to (at least 1.5 years). Control and tests. There is no very reliable 
Tuberculosis). Causes a wasting disease prevention are difficult. A vaccine is test. Pasture can remain 
in sheep, deer and goats and loss of available ("Neoparasec") for use in infective for up to one year. 
condition and diarrhoea in cattle. sheep, cattle and goats but care should 
Thickening occurs in the small intestine. be taken when using this product due 
May be passed to the unborn foetus and to severe local reactions at the site of 
to lambs via the milk. Infected animals injection and with accidental injections 
should be removed as soon as possible. in humans. It should only be used on 

veterinary advice. 

2.4.1.3 Diseases of Reproduction of Sheep 

Clinical Signs Treatment I Control I Prevention Remarks 

Toxoplasmosis Toxoplasmosis is a protozoal parasite, Toxovax vaccine can be used (a live Ewes that have aborted are 
Abortion which is carried by cats. Infected kittens attenuated strain of Toxoplasma) at a generally immune for life, as are 

shed large numbers of infective oocytes in dose of 2 ml by intramuscular injection vaccinated ewes. 
the faeces and can contaminate hay. (once only) and must be given at least 
Disease results in abortion in the last third four weeks before mating. Eliminate 
of pregnancy but may affect reproductive cats from haysheds. Exposure of non-
success in early pregnancy. Lambs pregnant animals to an infective source 
generally born dead but some may be born can result in good immunity. 
weak and die soon after birth. 
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Campylobacter 
Abortion 

Border Disease 

(Hairy Shaker, 
Bovine Virus 
Diarrhoea 
Infection) 

Listeriosis 

[See also 
Sections 2. 6.1 
and 2.6.2, 
page B-58] 

Clinical Signs 

Campylobacter is a bacterial infection, 
which enters by mouth and results in 
abortions in the last month of pregnancy. 
The disease is spread by contamination of 
pasture by contact with aborted lambs, 
afterbirth and fluid discharges from 
infected ewes. Non-pregnant sheep can 
develop immunity if grazed with recently 
aborted ewes. 

A viral disease that occasionally produces 
outbreaks of abortion or the birth of weak, 
stunted lambs occasionally with hairy 
coats. Caused by the same virus that 
results in Bovine Virus Diarrhoea 
Abortion in cattle. 

Abortion (and Circling Disease) can be 
caused by a bacterium, Listeria 
monocytogenes that is commonly 
associated with the feeding of spoiled 
silage. Abortions occur seven days after 
the start of feeding. Can affect humans. 

Treatment I Control I Prevention Remarks 

A vaccine of killed bacteria is available Spread of the disease from 
("Campylovexin"). In the first year, a season to season is probably by 
dose is given pre-tupping, followed by a carrier sheep. 
second dose four to eight weeks later. Flock treatment with antibiotics 
An annual booster vaccination is in the face of an outbreak can 
required prior to tupping. There is no reduce incidence. Vaccination 
effective treatment. Ewes that have early in an outbreak may be 
aborted should be removed from the beneficial. 
mob for at least seven days to prevent 
discharges contaminating pasture. 

No treatment. Affected ewes breed Veterinary diagnosis is 
normally in subsequent years. Those recommended for this condition. 
affected lambs that are born alive can 
have poor growth rates and poor 
survival rates. Running non-pregnant 
ewes or hoggets with infected ewes can 
result in good immunity to the disease. 

There is no practical treatment even Feeding of spoiled silage or hay 
though Listeria should be susceptible to to stock should be avoided if at 
antibiotics. Listeria abortion has been all possible. Circling Disease can 
reported in cattle and sheep at all stages occur in sheep even if non-
of pregnancy. Both silage and big bale pregnant. 
hay can be a source of infection in 
animals. 



Clinical Signs Treatment I Control I Prevention Remarks 

Brucellosis Brucella ovis causes a chronic abscess in Treatment should not be attempted. Diagnosis is by palpation of the 

(Epididymitis) the epididymis associated with the testes Affected rams should be culled. testes or by blood tests. If buying 
of rams. This abscess causes a blockage in Infection can be passed from ram to ram rams it is wise to buy from tested 
the passage of sperm and can be a serious through sexual activity either by ram to ram flocks. 
cause of infertility in rams particularly if ram mating or ram to ewe to ram Can cause abortion in ewes, 
these lesions are found on both matings. Ewes seldom affected but may although this is uncommon. 
epididymis. Infected semen is the main act as a temporary source of infection if 
source of infection. mated by an infected ram. 

Salmonella Since being first diagnosed in mid Management practices that will reduce Spread of the disease outside the 
Brandenburg Canterbury in 1996, Salmonella the risk of S. Brandenburg occurring on a abortion season is probably by 

(Abortion I Brandenburg has caused widespread farm are: 'carrier' sheep. 

Death) abortions and deaths in pregnant ewes in . Vaccination 
Southland, coastal Otago and south and . Reduction in stocking density and It is important to obtain a 
mid-Canterbury. S. Brandenburg abortions strip grazing. laboratory diagnosis to confirm 
occur from about 80 days of gestation with . Maintain adequate nutrition . suspected cases of this disease. 
a peak from 1 00 to 120 days. In cattle, the . Minimise yarding of ewes and 
same strain of organism has also caused the time spent in the yards. 
diarrhoea and dysentery in calves and . Dampen down yards prior to yarding . 
adult cattle, and abortions and deaths in . Provide stock with a fresh clean 
first calvers and to a lesser extent in source of drinking water. 
second calvers. . A void where possible the purchase 

Another important source of local spread and I or grazing of stock from known 
during the abortion season is black-backed affected farms. 

gulls and probably other scavenging birds, . Ensure dogs are not allowed to 

such as hawks, and animals such as dogs. scavenge. 

Can affect humans. 
See also over paJ:e. 
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2.4.1.4 

Salmonella Brandenburg (continued) 
When an outbreak occurs, the following should help reduce the severity of the outbreak: 

Rapid disposal of aborted foetuses and membranes by burial. 
Pour disinfectant over the area where aborted material lay. 
Isolate aborted ewes into a separate mob. 
Spread out affected mob as much as is practical. 
Minimise yarding of sheep. 
On daily rounds, travel from unaffected mobs to affected mobs and then clean vehicle tyres, wheel-wells, etc. 
Control scavengers, e.g., dogs, black-backed gulls. 
Antibiotic treatment may help reduce ewe mortality. 

Other Common Diseases of Sheep 

Parasitic Diseases: See Section 2.3, page B-8. 

Pasture I Feed Based Diseases: See Sections 2.5 and 2. 6, pages B-46 and 58. 

Trace Element Deficiencies: See Section 2. 7, page B-61. 



2.4.2 Common Diseases of Cattle 

2.4.2.1 'Metabolic' Diseases of Cattle 

Clinical Signs Treatment I Control I Prevention Remarks 

Milk Fever Generally occurs as a result of lowered Cows with milk fever can be treated Can be precipitated by stress or 
serum calcium levels at or around with calcium borogluconate (see hormonal changes. Response to 

[See also calving time. Calcium is required for Section 2.5.10, page B-53). treatment very rapid. 

Sections 2. 5. 9 muscle function. All clinical signs are 

and 2.5.10, related to loss of muscle function. 

page B-53] Unable to stand, urinate, defaecate or get 
rid of rumen gas. 

Ketosis Ketosis is simply a shortage of glucose Glycerine, keto! or glysatone by mouth The subclinical condition may 
in the blood (hypoglycaemia). Occurs (see Section 2.5.12.1, page B-55). be more common than is 

[See also Section when cows are subjected to heavier Intravenous glucose or glucose realised. 
2.5.12.1, demands on their supplies of glucose and combinations. Cortisone injection. 
page B-55] glycogen than can be met by digestive Prevention requires better feeding of 

and metabolic activity. high producing cows. 

Grass Staggers Hypomagnesaemia (too little magnesium Treatment and prevention is discussed Use of potassic and nitrogen 
(Hypo- in the blood) is a disorder which can in Section 2.5.5, page B-50. fetiilisers during winter and 
magnaesmia) occur in recently calved cows at or near early spring significantly 

parturition. Inco-ordination, reduce magnesium availability. 
[See Section hyperexcitability and convulsions, 
2.5.5, followed by death in 1 - 12 hours if 
page B-50] untreated. 
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Clinical Signs Treatment I Control I Prevention Remarks 

Laminitis An acute, painful foot lameness resulting Diseases (such as metritis or acute Use of antihistamine injections 
(Founder) from fluid formation, causing separation mastitis) where toxins circulate in the by veterinarians may be 

ofthe wall of the hoof from the sensitive blood stream may also result in required. 

[See also lamina underneath which is rich in blood laminitis. Corrugated or overgrown 

Section 2.5.14, vessels and nerves. Usually caused by hooves may result if condition is not 

page B-57] the over-eating of carbohydrate-rich treated. Becoming more common with 
foods. Front feet more commonly the use of supplementary grain-based 
affected. feeds during lactation. 

2.4.2.2 Infectious Diseases of Cattle 

Clinical Signs Treatment I Control I Prevention Remarks 

Mastitis A serious infectious disease of dairy Antibiotic therapy is the basis of any When antibiotics are used, 
(A brief entry cows (occasionally beef) caused by treatment, but should be also combined withholding times should be 
here. More several different infective agents, mostly with other control measures such as: strictly followed before milk is 
sources of bacterial. Bacterial penetration of the teat 0 Effective operation and use of used. Effective use of the 
information are results in inflammation of the mammary milking machines. Somatic Cell Count (SCC) test 
listed below*) gland. Signs can vary from none, to hard 0 Teat spraying after milking. is recommended. 

swollen quarters with watery discoloured 0 Dry cow antibiotic treatment at 
and I or clotted milk, to gangrene of the drying off. 
quarter. 0 Culling of chronic cases. 

*Relevant publications from the Livestock Improvement Corporation (LJC) are "Managing Mastitis" and the "SAMM Plan". 
Other publications on dairy cattle disease control can be found at the following web-site: www.lic. co.nz 



Clinical Signs Treatment I Control I Prevention Remarks 

Foot rot A bacterial infection of the soft tissue Early treatment with antibiotics When antibiotics are used, 
between and above the hoof. Different (e.g., penicillin at dose rates as withholding times should be 
bacteria and symptoms to footrot in recommended for liveweight) under strictly followed. 
sheep. Swelling occurs above the hoof skin in the upper neck area can result in 
with heat and pain. Abscesses can response within 24 - 48 hours. 
rupture with discharge of pus if not Prevention is by attempting to 
treated. eliminate all possible causes of damage 

to feet, particularly on tracks and 
raceways (stone damage). 

Woody Tongue A common environmental bacteria Responds well to antibiotic injections Bacteria enters through wounds 
(Actino- causes this disease. Animal eats with (streptomycin is the most effective). around the facial and mouth 
bacillosis) difficulty and as a result loses condition Injections of sodium iodide can be area. 

and production drops. Swellings used, but may cause complications. 
(abscesses) occur on the tongue and can 
occur in the soft tissues generally in the 
facial area. 

Lumpy Jaw A bacterial disease. As with Woody Treatment as for Woody Tongue is only Bacteria enters through 

(Actino- Tongue, the animal eats with difficulty sometimes successful in the very early wounds around the facial and 
mycosis) !lnd as a result loses condition and stages of the disease. In most cases mouth area. 

production drops. Swellings (abscesses) welfare considerations may dictate the 
occur in the jaw-bone or side of face, but fate of the animal. 
the disease is uncommon. 

Johne's Disease A disease caused by Mycobacterium No effective treatment. Diagnosis is Appears to be coming more 
avium (var. paratuberculosis). Results in difficult but should be undertaken if the common. Thought to be similar 
intermittent scouring, loss of condition. disease is suspected. Animals showing bacteria to that causing Johnes 
Generally affects animals oilder than 18 early signs should be culled. disease in sheep (see Section 
months of age. Vaccination against Johnes could affect 2.4. 1.2, page B-27). 

TB test results. 



Clinical Signs Treatment I Control/ Prevention Remarks 

Tuberculosis Caused by Mycobacterium bovis. Wide Compulsory National Tuberculosis The disease can spread rapidly 
range of signs, from loss of condition, Control Scheme is in operation. All within a herd and can be spread 
coughing, and swollen glands. Abscesses herds need to be whole-herd tested. All by both deer and cattle. 
can arise anywhere in the body movement of cattle is required to be Wildlife such as possums and 
associated with lymph glands or tissues. documented by law. Several tests are ferrets, etc., can also spread 
Can be fatal. Can spread rapidly. available but the skin sensitivity test is TB, and may be responsible for 
Can affect humans. the basis of the control programme. up to 90% of herd infections. 

Therefore vector control is a 
high priority in containing the 
disease. 

Clostridal See Section 2.4.1.2, page B-24 Clostridial vaccination of cattle may be 
Diseases (Clostridial Diseases of Sheep). very worthwhile where intensive 

grazing of winter feed crops by young 
animals is undertaken. Contamination 
of mouth wounds by clostridial 
bacteria, as seen when temporary teeth 
are lost and when eruption of 
permanent teeth occurs, can cause 
serious losses in intensively run cattle. 



2.4.2.3 Diseases of Reproduction of Cattle 

Clinical Signs Treatment I Control I Prevention Remarks 

Leptospiral Leptospiral bacteria can cause abortion in Multi-strain Leptospiral vaccination of Urine from infected cows is the 
Abortion cows and red-water in calves. Several cattle is common and is recommended main source of infection. 

types of Leptospira can infect cattle. Less because this helps to prevent the 
common now-a-days due to vaccination disease in humans. 
programmes. 
Can affect humans. 

Macrocarpa Abortions in the last third of pregnancy No specific treatment. Access by Retention of foetal membranes 
Abortion can occur three to ten days following the pregnant cows to macrocarpa should be is a common sequel, and may 

ingestion of dry or wilted macrocarpa avoided, particularly hedge trimmings. require treatment. 
branches or pine needles (especially 
Pinus ponderosa). 

BVD A viral infection of cattle which can No treatment. Abortions not very Vaccines are available but 

(Bovine Viral result in abortions, infertility and common but is however a serious cause should be used only after 

Diarrhoeal occasionally Mucosal Disease (a fatal of infertility in cows. The virus veterinary advice following 

Abortion) disease producing ulcerations in the suppresses the immune response in examination of the problem. 
digestive tract). A very common problem some animals and can cause 
in cattle world-wide. The virus is complications in calves in particular. 
identical to that responsible for Border 
(Hairy Shaker) Disease in sheep (see 
Section 2.4.1.3, page B-28). 

Enzootic Bovine EBL is a slowly spreading virus disease Eradication by testing is being EBL is not regarded as a 
Leucosis (EBL) of cattle. The virus affects the immune undertaken by the New Zealand dairy danger to human health. New 

system by attacking the white blood cells industry. Tests on bulk milk samples Zealand prevalence is low by 
and can cause fatal cancer in up to 5 % of give an indication of infection within a international standards. 
infected animals herd, and blood tests can then be used Transfer of blood and I or milk 

to identify and eliminate infected are known causes of infection. 
animals. 
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Fungal Abortion 

[See also 
Sections 2. 6. 1 
and 2.6.3, 

page B-58 & 59] 

Neospora 
Abortion 

Clinical Signs 

Mouldy hay or silage contaminated by 
Aspergillus fumigatus or Mortierella 
woljii fed to pregnant cows can cause 
abortions. 

Infection with the protozoa Neospora 
caninum can cause abortion. A common 
cause of abortion in cattle. Abortions 
occur in the latter part of pregnancy. 
Outbreaks of abortion seem to occur 
because Neospora is suddenly brought 
into a herd, or because there is 
a sudden lowering in cows' resistance in 
herds where Neospora already exists. 
Anything that weakens the cows' 
resistance might predispose to abortions 
occurring. 

Treatment I Controls I Prevention Remarks 

No treatment. Prevention by avoiding Some cows die from fungal 
feeding spoilt feed to pregnant cows. pneumonia after aborting. 
Cows receiving inadequate feed may 
be more susceptible to fungal 
abortions. 

Vaccines are available. Dogs are Neospora is similar to 
generally responsible for the initial Toxoplasmosis found in sheep. 
introduction of the disease, but spread 
from a cow to her calf appears to be the 
most important way that Neospora 
spreads in herds with ongoing abortion 
problems. There appears to be a link 
between Bovine Virus Diarrhoea 
(BVD) virus and Neospora. Herds with 
a diagnosis ofBVD are more likely to 
also have a diagnosis of Neospora. 



2.4.2.4 

Cooperia 
Infection 

2.4.2.5 

Cooperia Infection of Cattle (see also Section 2.3.1, page B-8) 

Clinical Signs Treatment I Control I Prevention Remarks 

In some cases Cooperia parasites are Treatment should be undertaken using This is a case of anthelmintic 
proving non-responsive to treatment with levamisole ("Nilverm", "Levipor", etc.) resistance (see also Sections 
the newer drugs such as "Ivomec", or a combination type product, as 2.3.1.6 and 2.3.1.9, pages B-12 
"Eprinex", "Dectomax", "Cydectin" and these parasites are still susceptible to and B-15). 
"Genesis" (oral, injectable and pour-on). this family of chemicals. A problem is 
In these cases, cattle less than 15 months that the length of protection following 
of age are still showing signs of treatment is less than two days. Faecal 
parasitism, such as diarrhoea and loss of samples (for FEC) should be taken if 
condition, despite treatment. there appears to be a problem following 

treatment. See also below. 

Quarantine drenching for Cooperiia control: 
Failure to treat cattle with effective internal parasite drugs against Cooperia has led to the rapid spread of 
resistant strains of parasites. Treatment should be with a combination of all three anthelmintic groups, 
levamisole (LEV), white drenches (BZ) and ivermectin types (M-Ls)- see Section 2.3.1. 6, page B-12. Hold animals for 
at least 24 hours with water before release onto pasture. 

Other Common Diseases of Cattle 

Other Parasitic Diseases: See Section 2.3, page B-8 

Pasture I Feed Based Diseases: See Sections 2.5 ar1d 2. 6, pages, B-46 and 58 

Trace Element Deficiencies: See Section 2. 7, page B-61 
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2.4.3 Common Diseases of Deer 

2.4.3.1 Infectious Diseases of Deer 

Clinical Signs 

Yersiniosis Can be a very rapid onset. Fever, 
diarrhoea, loss of appetite. Affected 
animals detach from the mob. 
Dehydration as a result of diarrhoea can 
result in sudden death. Characteristic 
smell in affected animals. Generally 
affects animals 3 - 12 months of age. 
Bacteria can be isolated from faeces of 
clinically normal deer. Can affect 
humans. 

Tuberculosis Caused by Mycobacterium bovis. Wide 
(TB) range of signs from loss of condition, 

coughing, and swollen glands. Abscesses 
[See also can arise anywhere in the body 
Section 2.4.2.2, associated with lymph glands or tissues. 
page B-34] Can be fatal. Can spread rapidly. Can 

affect humans. 

Treatment I Control I Prevention Remarks 

Treatment: Any associated stress It is precipitated by stress. In 
should be identified and corrected. some deer it causes abscesses, 
Antibiotics are by injection or orally in which resemble tuberculosis. 
feed or drinking water. An affected Often associated with poor 
herd should be spread out. A vaccine, nutrition and winter storms. 
"Y ersiniavax", is now available, and 
will reduce the incidence if used as a 
preventative. 

Compulsory National Deer The disease can spread rapidly 
Tuberculosis Control Scheme is in within a herd and can be spread 
operation. All herds need to be whole- by cattle. Wildlife such as 
herd tested. All movement of deer is possums and ferrets, etc., can 
required to be documented by law. also spread TB. 
Several tests are available but the skin 
sensitivity test is the basis of the control 
programme. 



Clinical Signs Treatment I Control I Prevention Remarks 

Malignant Animals become depressed and may lag Antibiotics ineffective in treating viral A serious viral disease of deer. 
Catarrhal Fever behind the mob, refuse to eat, and scour. diseases. Death is almost inevitable so Not reported as frequently 
(MCF) Death usually occurs within 24 hours of suspected cases should be isolated. nowadays. Occurs throughout 

development of recognisable signs but Reduce inter-animal contact. Sheep may the year but most deaths occur 
may occur without any clinical signs be asymptomatic 'carriers' of the virus. in the late winter. 
being noted. Can affect head, eyes, 
intestines and skin as chronic form. 

Clostridial See Section 2.4.1.2, page B-24 
Diseases (Clostridial Diseases of Sheep). 

Deer Scabby A viral disease producing scabby, scaly No effective treatments available. Veterinary advice should be 
Mouth and crusty lesions on velvet antler, eyes, Control and prevention limited at sought. Similar virus to that 
(Parapox Virus face, vulva and sometimes the tongue. present to reducing breaks in the skin occurring in sheep, but no 
infection) such as thistle damage. Allowing young vaccination recommendations 

animals early exposure may be at present. 
warranted. 

Johne's A disease caused by Mycobacterium No effective treatment. Diagnosis is Appears to be coming more 
Disease avium (var. paratuberculosis). Results difficult but should be undertaken if the common. Thought to be 

[See also 
in intermittent scouring, loss of disease is suspected. Animals showing similar bacteria to that causing 
condition. Generally affects animals early signs should be culled. Johne's Disease in sheep. 

Section 2.4.2.2, older than 18 months of age but cases in Vaccination could affect TB test results. 
page B-33] younger animals have been reported. 



2.4.3.2 Pasture I Feed Based Diseases of Deer (see also Sections 2.5 and 2.6, pages B-46 and B-58) 

Clinical Signs Treatment I Control I Prevention Remarks 

Facial Eczema Skin lesions may not be obvious in Individual dosing with zinc may not Tests for liver damage may 
deer. Red deer and Wapiti less be an option with deer. Pasture identify chronically affected 
susceptible than sheep. Fallow deer spraying with fungicides or avoidance animals. 
appear to be more susceptible than reds. of pastures with high spore counts 

may be necessary - see also Section 
2.5.4, page B-49. 

Ryegrass Severely affected animals may become Autumn grazing areas for Wapiti Provision of supplementary 
Staggers recumbent and die. Wapiti and Wapiti should not include high endophtye feed is an option. 

X Red deer are more susceptible than ryegrass pastures - see also Section 
Red and Fallow. 2.5.5, page B-50. 

2.4.3.3 Trace Element Deficiencies of Deer (see also Section 2. 7, page B-61) 

Clinical Signs Treatment I Control I Prevention Remarks 

Enzootic Ataxia Affected animals appear bright but Condition largely confined to adults. Appears to be caused by 

[See also when made to run, sway in hindquarters Diagnosis needs to be confirmed before copper deficiency. 

Sections 2. 7.1 and appear weak in hind legs. If disease prevention programmes are initiated Molybdenum excess has been 

& 2. 7. 4, pages progresses, fore-legs also weaken, and (can be confused with Ryegrass involved in many reported 
B-61 and B-72 the animal lies down. Other symptoms Staggers). cases. 
Copper such as bone and joint abnormalities Treatment: Ineffective once symptoms 

Deficiency] can be observed in young animals. have appeared. Prevention: Seek 
veterinary advice- see Section 2. 74.3, 
page B-74. 



2.4.3.4 Parasitic Diseases of Dee1r (see also Section 2.3.1, page B-8) 

Clinical Signs Treatment I Control I Prevention Remarks 

Abomasal Severe infections with these parasites Infections generally respond well to most High stocking rates can result 
Parasites can cause severe diarrhoea and loss of anthelmintics. However response to in serious parasite problems. 

condition. Swelling under the jaw can be treatment may not be as good as in sheep 
observed in some cases. and cattle (particularly in Wapiti and 

Wapiti X animals). 

Lungworm Caused by Dictyocaulus Spp. Can cause Infections respond well to anthelmintics. Diagnosed by counting larvae 
sudden death but mostly noticed in Young deer can acquire heavy burdens in the faeces, together with 
young deer as loss of condition and prior to weaning. If infections are severe, recognition of symptoms. Adult 
coughing on exercise. veterinary advice should be taken before worm seen in trachea at 

treating. autopsy. 

Tissue Worm Elaphostrongylus cervis is generally of Adult worm lives in the muscle tissue Of minor importance except in 
low prevalence and has not caused sheaths. animals being exported 
clinical problems in deer in New overseas. 
Zealand. 



2.4.4 Common Diseases of Goats 

2.4.4.1 Infectious Diseases of Goats 

Symptoms Treatment I Control I Prevention Remarks 

Footrot Most breeds of goats are much more Treatment as for sheep, (see Section The strain found is identical to 

[See also susceptible to footrot than sheep. Lush, 2.4.1. 2) but should be commenced as the sheep strain so cross-

Section 2. 4.1.2, moist green pasture is excellent for soon as lameness is observed. The infection is always possible. 

page B-25] spreading the disease. possible use of injectable antibiotics 
should be discussed with a veterinarian. 

Yersiniosis Rapid onset with fever, diarrhoea, and Any associated stress such as bad The bacteria can be found in 
loss of appetite. Affected animals weather, recent shearing and lack of the faeces of clinically normal 
detach from the mob. Dehydration as a feed can result in clinical disease. goats. 
result of diarrhoea can result in sudden Antibiotics are by injection or orally in 
death. Characteristic smell in affected feed or drinking water. 
animals. Generally affects kids and 
yearlings. Can affect humans. 

Mastitis Can be a serious problem in dairy goats Seek veterinary advice on treatment, 
-see also Section 2.4.2.2, page B-32 when dealing with a mastitis outbreak 
(Mastitis in Cattle). in goats. 

Polioencephalo· A nervous condition with animals Thiamine (Vitamin B12) 400 IU daily Under certain rumen 
malacia showing aimless wandering, staggering, for up to four days. Recovery can be conditions, 

circling, head pressing and blindness. slow. thiamine-destroying bacteria 
can grow. 

Clostridial Refer to Section 2.412, page B-24 (Clostridial Diseases of Sheep). 
Diseases 

Johne's Disease Refer to Section 2. 4.1. 2, page B-27 (Infectious Diseases of Sheep). 

Scabby Mouth Refer to Section 2.4.1.2, page B-26 (Infectious Diseases of Sheep). 



2.4.4.2 Diseases of Reproduction of Goats 

Clinical Signs Treatment I Control I Prevention Remarks 

Stress A common cause of abortion in goats in Ensure feed levels are adequate, Checking the body condition 
Abortion the last 50 days of pregnancy. Caused provide shelter and avoid transporting, of does in mid-pregnancy is 

by food shortages, bad weather or particularly in the last third of the recommended. 
transporting. A fall in blood glucose pregnancy. Check the parasite status of 
levels results in loss of kids. does. 

Toxoplasmosis Less common than in sheep (see "Toxovax" vaccine can be used in Confirmation by laboratory 
Section 2.4.1.3, page B-27) but goats. 2 ml by intramuscular injection tests is recommended. 
observed in the last six to eight weeks once only. Must be given at least four 
before kidding. weeks before mating. Eliminate cats 

from haysheds. 

BVD Probably more common as a cause of If the disease has been confirmed in Veterinary diagnosis is 
(Bovine Viral abortion in does than is recognised. sheep, infecting non-pregnant doe recommended for this 
Diarrhoea Readily infected by sheep with BVD hoggets is an option. The natural condition. See also Section 

Abortion) infection (Border disease - Hairy immunity appears to be good. 2.413, page B-28 (Border 
Shaker). Disease). 



2.4.4.3 Trace Element Deficiencies of Goats (see also Section 2. 7, page B-61) 

Clinical Signs Treatment I Control I Prevention Remarks 

Copper Copper deficiency can result in Treatment and I or prevention methods A diagnosis of copper 
deficiency swayback and broken bones in young will depend on the presence or absence deficiency should be made 

kids (see Sections 2. 7.1 and 2. 7.4, pages of elevated molybdenum levels. Care before treatment is 
B-61 and B-72). should be taken when using copper commenced. 

injections in goats, as toxicity can occur. 

Selenium White Muscle Disease of the heart Pre-kidding treatment of does with See Sections 2. 7.1 and 2. 7. 2, 
deficiency muscle can occur in kids. It may appear selenium should be routine treatment in pages B-61 and B-65. 

at a much later stage than in lambs. areas with low soil selenium levels. 

Iodine Goitre (enlarged thyroid gland) as a Treatment with iodine injections Deficiency may adversely 
deficiency result of iodine deficiency appears to be appears to give about 12 months affect reproductive rates in 

[See also more common in goats than in other protection. Oral use of iodine salts can does. 

Sections 2. 7.1 spec1es. also be used. 

& 2. 7.5, pages 
B-61 and 

B-74] 



2.4.4.4. Parasitic Diseases of Goats (see also Section 2.3.1, page B-8) 

Clinical Signs Treatment I Control I Prevention Remarks 

Gut parasites Goats appear to be very susceptible If oral treatments appear to be failing, Goats grazing on the same 
to parasitism. The development of consideration should be given to using areas all the time is a recipe for 
natural immunity is not as great as injectable products. Goats prefer to disaster. 
that seen with sheep. However very graze the top of the sward, therefore Do not under-dose goats 
high faecal egg counts (FEC) are parasite infections can be reduced by (weigh where possible). 
often noted with little evidence of trying to avoid grazing grass below 
clinical disease. 5-7cm. 

2.4.4.5 Other Common Diseases of Goats 
b:i 

e; Pasture I Feed Based Diseases: See Sections 2.5 and 2.6, pages B-46 and B-58 



2.5 DISORDERS ARISING FROM FEED CONSUMPTION 

2.5.1 Introduction 

A highly developed agricultural industry has arisen in New Zealand mainly based on pasture, 
and to a lesser extent on forage crops and grains. 

Pasture 
Intensive grazing systems have relied heavily on ryegrass and legume pastures. The 
ruminant, however, is by nature a selectively grazing and browsing animal with a migratory 
behavioural pattern. Therefore, restricting movement and choice of diet can have 
implications for stock health. Because many of our pasture species are selected for rapid 
growth, uptake of minerals sometimes may be reduced, compared with more slowly growing 
species which may accumulate these minerals. Man has altered the natural environment to 
enable him to maximise returns, but in so doing he now has to contend with a number of 
disease problems. The main diseases of ruminants, which result from animals grazing 
pasture, are discussed below. Note that trace element deficiencies are dealt with separately, 
in Section 2. 7, page B-61 .. 

Forage Crops and Grains 
Diseases associated with the consumption of forage crops and grains are also dealt with in 
this section. 

Stored Feeds 
Diseases arising from the consumption of poor quality stored feeds are dealt with in 
Section 2. 6, page B-58. 

2.5.2 Bloat 

Despite increased knowledge of the causes, treatment, and prevention of frothy bloat in 
cattle, the disease still remains a major problem for the cattle industry, causing deaths and 
production losses. Other ruminru'l.ts can be affected, but appear to be less susceptible than 
cattle. There is a very high cost to the dairy industry in the control and prevention of frothy 
bloat. 
Cause of Bloat 
Bloat or rumina! tympany occurs when the gaseous products of fermentation within the 
rumen and the reticulum are unable to be removed by the normal process of eructation 
(belching). This is mainly due to the development of stable foam within the rumina! contents 
(frothy bloat) which prevents the escape of gas. Frothy bloat can develop at any time of the 
year and on any type of pasture, but tends to be more common in the spring and autumn on 
clover-dominant pastures. 
Course of Disease 
Sudden death can occur when increasing rumina! pressure results in circulatory and 
respiratory failure. Frothy bloat is dietary in origin and occurs particularly in cattle grazing 
pasture with a high legume content, although it can occur on other diets, such as high quality 
legume hay. Susceptibility to bloat appears to be heritable, and this is related to the presence 
or absence of specific proteins within the saliva. It may be possible to select low 
susceptibility animals on this basis. 
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Clinical Signs 
Bloat can develop very quickly (two to three hours) after animals have access to bloat
producing plant material. The first sign of bloat is a distension of the left flank ofthe animal. 
The animal stops feeding, begins to strain to urinate and defaecate. As the pressure increases 
the animal begins groaning, becomes groggy, goes down and death follows rapidly after the 
animal lies down. 
Treatment of Bloat 
Urgent treatment is required when the animal has gone down. To save the animal, it may be 
necessary to open the left flank and allow the gas I foam to escape. This is best undertaken 
using a trocar and cannula. It may take some effort to penetrate the skin in this area. It is 
possible to use a knife to do the same thing but it will require the services of a veterinarian to 
clean and suture the wound. Care must be taken when using a knife to avoid injury to hands. 

Milder cases can be treated with the liquid bloat treatments (do not use these on very 
young calves as they may cause death). In an emergency vegetable oils or cream can be used 
as a drench. 
Prevention and Control 
Chemical methods of treatment and control through the use of anti-foaming or foam 
breaking agents have been the major methods of control for many years. Oils, fats, and some 
of the non-ionic detergents have produced the best results, but the results depend on the 
length of time the material remains effective within the rumen and the ease with which the 
material can be administered. The materials available and their lengths of action are 
summarised below. 

Chemical Type 

Non-ionic: 

Detergent: 

Drenches: 

Oils: 

Product 

Pluronics L61, L62, L64 

Marlophene 89 

Nonidet NP40 

Teric 12A23B 

R0609 

Tallow 

Paraffin oil 

Activity time 

8- 12 hours 

~ 4 hours 

Choice of material and methods of application and treatment vary with management 
systems, practical considerations and the severity of the problem. Common methods of 
control used are: 

• Twice daily drenching of individual animals - always check the dose rate. 
• Availability of licks (roller, block, or flank) - has limitations. 
• Medicated drinking water - effective when automatic dispensers used, but can have 

problems in cold weather. 
• Pasture spraying - use of tallow, paraffin or oils as an emulsion . 
• Feeding medicated supplements. 

The use of slow-release agents has been tried, but as yet only one of these products is 
available commercially. The active compound monensin is a growth promoter and works by 
reducing the population of methane producing bacteria in the rumen so that gas production is 
reduced. The product has an active period of 100 days and has been used with some degree 
of success by farmers. Production increases have been reported with the use of this product. 
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Modified grazing management is the cheapest method of bloat control. It is important to 
realise that yarding cattle for milking or for any other purpose interrupts the grazing pattern. 
This increases intake on return to pasture, which is one of the major contributing factors to 
the development of bloat. Provision of hay or other conserved feed before grazing potentially 
dangerous pasture and the use of strip grazing technique are some of the methods, which can 
be adopted. The use of the on-off grazing system in which stock are allowed to graze 
potentially dangerous pasture for 30 minutes and then they are removed for 60 minutes 
before returning to complete their grazing has also been used with some success. 

Some legumes, notably lotus (Lotus pedunculatus) and sainfoin ( Onobrychis viciifolia) do 
not provoke bloat, and this has been attributed to their tannin content which, it has been 
proposed, forms a non-foaming complex with the active cytoplasmic protein fraction. 
Selective plant breeding and genetic manipulation to increase the tannin content of the more 
common legumes is a distinct possibility in the future. 

Prevention of bloat is a combination of efficient control and modified management. It 
involves the use of the most appropriate system of control, together with grazing 
management constraints to reduce the intake of potentially dangerous material without 
reducing production. 

2.5.3 Photosensitisation Diseases 

Skin damage, as a result of light causing photosensitisation, is common in our grazing 
livestock. An understanding of the causes allows us to decide whether the liver has been 
involved or not. This is important because it enables us to make decisions as to the possible 
cause and the eventual outcome. 
Primary Photosensitivities 
Primary photosensitivities occur when a particular plant pigment is consumed by the animal. 
This plant pigment is unchanged by liver action, enters the blood stream in the active state 
and, on exposure to light, produces the characteristic lesions found on skin surfaces. The 
commonest of these are hypericin in StJohn's wort and fagopyrin in buckwheat. 
Unidentified pigments in immature rape and various clover species are responsible for 'rape 
scald' and 'trefoil dermatitis', respectively. Perloline found in perennial rye grass has been 
incriminated on occasions as a cause of some outbreaks of photosensitisation. Other plant 
species which, when ingested, can result in photosensitisation are Panicum spp. and 
Erodium spp. In all these cases, prevention can be achieved by preventing ingestion when 
plants are known to be toxic, or by removing from toxic areas when clinical signs are first 
observed. 
Secondary Photosensitivities 
Secondary photosensitivities occur when toxic agents within the ingested plant material 
produce liver damage, which obstructs the flow of bile, causing jaundice and preventing the 
liver from excreting a pigment called phylloerythrin. 

A heritable defect is known to occur in strains of Southdown and Corriedale sheep, which 
renders the liver incapable of excreting phylloerythrin. However, the most common cause of 
phylloerythrin photosensitivity in New Zealand is facial eczema (see below). 

However, in addition, liver damage and the resulting skin lesions are known to occur after 
the ingestion of ragwort, ngaio, broomcorn millet (Panicum miliaceum ), lantana (Lantana 
camera), puncture vine (Tribulus terrestris), blue-green algae (Microcstis toxica and M jlos
aquae). 

Prevention of ingestion is the only practical measure which can be adopted to avoid these 
conditions. 
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2.5.4 Facial Eczema 
(See also Section 2.5.3, above) 

Facial Eczema is caused by a mycotoxin. Mycotoxins are poisonous substances of fungal 
origin, generally associated with food, which, after entrance into the body of the host animal, 
produce signs of clinical disease or can result in production losses as a result of the sub
clinical effects. 

Facial Eczema is a disease of ruminants common in the North Island, Marlborough, and 
Nelson, but rare or unknown in other regions of the South Island. It can cause extensive 
losses among stock, particularly in the northern part of the North Island between January and 
April. A strong photosensitivity reaction occurs in severely affected animals (see Section 
2. 5. 3, above) with associated liver damage. The skin lesions are generally associated with 
those areas of the body not covered by wool in sheep (for example, the face) and those areas 
of the body with pale pigmentation in cattle. The severity of the condition is related to the 
degree of liver damage. 
Cause of Facial Eczema 
The condition is caused by the ingestion of spores of a fungus, Pithomyces chartarum, which 
grows on pasture litter and multiplies dramatically under warm (with night temperatures in 
excess of l5°C), humid (relative humidity above 80 %) conditions. 
Course of Disease 
The fungal spores contain a toxin, sporodesmin, which causes substantial liver damage. The 
liver damage produces increased levels of bile pigments within the blood, resulting in 
jaundice and a failure of the liver to break down plant pigments such as phylloerythrin which 
reacts with light in surface blood vessels and causes the skin lesions observed in affected 
animals (see Section 2.5.3). Deaths, if liver damage is severe enough, can occur three to four 
weeks after access to the toxic pasture. 
Treatment of Facial Eczema 
Facial Eczema is the most serious of the mycotoxic diseases present in New Zealand. There 
is no specific treatment for the disease, but removal from the toxic pasture and the provision 
of shade and good feed is recommended. It is important to avoid nutritional stress in the 
following winter. Zinc is not a treatment but may be used to prevent the disease - see below. 
Prevention and Control 
Prevention and control can be achieved by: 

Monitoring meteorological data, using pasture spore count results to forecast the toxicity . 
of pasture. 

• Provision of safe pasture within five days by spraying with fungicides such as "Benlate", 
"Sporex", and "Thibenzole". 

• Use of alternative sources of feed other than pasture. 
Administration of zinc salts to animals grazing toxic pasture to reduce the liver damage 
produced by sporodesmin. Long-acting slow release zinc capsules are also available. It is 
necessary to be aware that administration of zinc in excess of daily requirements can 
significantly reduce the copper status of the animal. 

• The selection of animals with natural resistance to the effects of sporodesmin. This is 
achieved by dosing rams with known levels of sporodesmin and monitoring the increase 
of the level of liver enzymes in the blood. This gives an indication of the degree ofliver 
damage. Those animals with the least damage as a result of challenge are selected. The 
technique is still too expensive to use in cattle. 
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2.5.5 Ryegrass Staggers 

Ryegrass staggers is caused by a fungal mycotoxin (see comments under 'Facial Eczema', 
above). It is a disease commonly seen in sheep and cattle and occasionally in horses, goats, 
and deer, in the late summer and autumn. It is characterised by ataxia, muscle tremors, stilted 
gait, and loss of co-ordination when the animal is disturbed. Muscular relaxation and an 
apparent recovery follow this, if the excitatory stimulation is removed. Deaths generally 
arise from misadventure (falling over bluffs or drowning), but deaths from the condition 
itself do occasionally occur. It has been postulated that a reversible upset to transmission of 
nerve impulses occurs. During the periods when animals are affected, growth rate and 
hormonal production can be adversely affected. 

It has been shown that the condition is caused by neurotoxins (lolitrems) produced by a 
fungus within the ryegrass, a lolium endophyte (see Section 3.1.2.1) There is no 
recommended treatment. Affected animals slowly recover, in two to three weeks, if removed 
from problem pastures. Control of the condition by the use of endophyte-free seed to 
produce disease-free pastures has serious implications, in that, the presence of the endophyte 
appears to confer protection to the plant against predation by the Argentine stem weevil and 
other insects, thus preventing damage to pasture. 

2.5.6 Paspalum Staggers and Other Fungal Toxins 

Paspalum Staggers 
Paspalum staggers is caused by a fungal mycotoxin (see comments under 'Facial Eczema', 
page B-49). It occurs sporadically in sheep and cattle, and occasionally in horses, in the 
northern areas of New Zealand during summer and autumn when stock have been grazing 
paspalum. The condition resembles ryegrass staggers in that animals may become 
uncoordinated when disturbed. The cause is a tremorgenic toxin produced by an ergot-like 
fungus growing on the paspalum. Recovery is usual within two to ten days after removal 
from the toxic pasture, unless death by misadventure occurs. Another disease sometimes 
observed is gangrene of the extremities, due to vascular constrictions. 
Other Fungal Mycotoxicoses 
Mycotoxicoses (refer to data on mycotoxins under 'Facial Eczema', page B-49) have been 
incriminated in several animal disorders in recent years, associated mostly with the feeding· 
to livestock of fungal-contaminated conserved feedstuffs, but several associated with fungal 
growth on pasture have been suggested as a cause of sub-optimal weight gain. It has also 
been demonstrated that an oestrogenic mycotoxin (zearalenone), produced by Fusarium 
types of fungi, can significantly reduce ewe reproductive performance in the Gisborne - East 
Coast area. 

A mould, Phomopsis leptostromiformis, grows on lupins under certain conditions and 
produces a toxin, phomopsin, which results in lupinosis when ingested by livestock in 
sufficient quantities. The signs are photosensitisation with associated liver damage. 

2.5.7 Phyto-Oestrogenic Effects on Reproduction 

It has been shown that fungi and plants (in particular, legumes) can, at times, contain or 
produce substantial amounts of compounds, which can produce an effect similar to that 
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produced by the female hormone oestrogen when consumed by the animal. This has the 
potential to create major disturbances to normal reproduction. 

The best known of these compounds are the phyto-oestrogens, present in legumes. Phyto
oestogens have been noted in female sheep to reduce lambing percentages, bring about 
lactation in non-pregnant ewes, and contribute to prolapse of the uterus. In male sheep 
temporary infertility of rams has been noted, but the best-documented effect is the elongation 
of the teat observed in wethers. Similar syndromes have been reported in cattle grazing 
oestrogenic pastures. 

Phyto-oestrogenic effect depends on concentration of the compound within the plants 
and on the daily intake of the plants by stock. On a diet with subterranean clover as the main 
component, significant changes in the reproductive tract and reproductive performance may 
occur. Phyto-oestrogen content varies with the particular legume species, but even white 
clover (Trifolium repens) and lucerne (Medicago sativa), which have low levels, can 
produce problems. It is possible to breed legume varieties with low oestrogenic activity and 
this is one method available to reduce the severity of the problem. It is also possible to 
estimate the oestrogenic activity of clovers by testing for formononetin, and in lucerne and 
other medics for coumestrol. If wethers grazing a suspect pasture have increases in teat 
length of 4 - 5 mm over a period of seven to ten days then the reproductive performance of 
ewes is likely to be adversely affected. It is therefore inadvisable to attempt to 'flush' ewes 
on predominantly legume-dominant pastures if optimum reproductive performance is 
required. 

2.5.8 Hypomagnesaemia (Grass Staggers) 

2.5.8.1 Introduction 
Hypomagnesaemia (too little magnesium in the blood) is a disorder which can occur in 
recently calved cows, and less frequently in ewes at or near lambing. The disorder is 
commonly referred to as 'grass staggers' (not to be confused with ryegrass staggers, see 
Section 2.5.5, page B-50) and is characterised by inco-ordination, hyperexcitability, and 
convulsions, followed by death in one to twelve hours if untreated. A subclinical effect of 
lowered milk production, which responds to magnesium supplementation, is common in 
dairy cows. Lowered calcium levels can occur at the same time, and it is important to realise 
this fact when undertaking treatment. It would appear that magnesium reserves within the 
body (particularly in bone) of an adult animal are unavailable for incorporation in the blood, 
if blood magnesium levels are depressed. This necessitates a daily feed intake of magnesium 
to maintain levels. However, it is the total amount of magnesium absorbed by the animal that 
is probably more important than the concentration of magnesium in pasture. (Pasture levels 
can vary from 0.14- 0.34% concentration in food dry matter as a result of different soil 
types, seasonal changes, pasture species, and variable fertiliser usage.) 

Pasture magnesium levels are affected by soil levels of potassium and calcium, as well as 
by the pH of the soil. Pasture magnesium concentration can decrease by as much as 
20- 50% between autumn and early spring. Levels then recover between early and late 
spring, often due to the increase in clover content of the sward (there is a higher content of 
magnesium in clover compared with pasture grasses). Potassic fertilizers significantly reduce 
magnesium levels within pasture by interfering with magnesium uptake (see also Section 
6.5.2). 

Many dietary factors have been suggested as being capable of depressing magnesium 
absorption by stock. It seems that high intakes of nitrogen, sodium, and potassium can 
reduce the proportion of dietary magnesium absorbed from the digestive tract, and of these, 
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the most important is potassium. Associated with low availability and low absorption rates 
of magnesium are stress factors and hormonal changes, such as low or falling planes of 
nutrition, cold changeable weather conditions, and lactation demands which reduce intake, 
but also change the distribution of magnesium within the body. 

2.5.8.2 Clinical Signs, State, and Treatment of Grass Staggers 
Clinical Signs 
The clinical signs ofhypomagnesaemia are observed only when magnesium drops below a 
critical level within the central nervous system and this is responsible for the nature of the 
nervous signs observed. These include restlessness, excitability, staggering, convulsions and 
finally death. 
Clinical State 
The clinical state can be: 

Acute. Occurring generally in early calving, high producing cows, suckling calves two to 
six weeks after calving. 

Chronic: Can occur in all ages of cattle often before calving. Generally associated with 
poor nutrition. Develops slowly and can be precipitated by stress. 

Subclinical: Can result in a drop in milk production in dairy cows. 
Treatment 
Treatment of the clinical condition has to be attempted as soon as possible and consists of 
the intravenous or subcutaneous administration of a sterile ten per cent solution of 
magnesium sulphate. May involve calcium solutions for associated hypocalcaemia. 

2.5.8.3 Prevention I Control of Grass Staggers 
Because animals have to be watched closely and treatment undertaken quickly, incorporation 
of preventive measures within management systems is widely practised. These measures 
vary with the class of stock, terrain, and the severity of the problem. 

It is common on dairy farms to begin supplementation with magnesium before calving 
and continue into the lactation for two to three months. The main methods used are: 

Individual Drenching: Dairy farmers commonly use this method where cows are being 
yarded daily, because intake and individual dosage can be strictly controlled. Magnesium 
chloride, magnesium sulphate, and fine-grade micronised magnesium oxide ( causmag or 
calcined magnesite) can be used for this purpose and can be administered mixed with 
pluronics or marlophenes for the control of frothy bloat (see Section 2.5.2, page B-46). 
Usually treated daily with 18 grams ofMgO or other magnesium salts as advised by the 
veterinarian. 
Treated Hay: This is a cheap and effective method of magnesium administration and can 
be done at the time of baling or feeding the hay. Magnesium oxide is applied to the hay at 
the rate of 50 grams per cow, mixed with molasses in order to reduce wastage of the fine 
powder and to increase palatability. It is important that the minimum quantity of hay is 
used as a vehicle for the treatment to ensure that each animal receives sufficient 
magnesium. 
Pasture Dusting: Dusting pastures with magnesium oxide is also an effective method for 
increasing magnesium intake. If the grazing area is dusted in the early morning when 
dew is still present, the dust adheres to the leaf. The area dusted should last the grazing 
animals for seven days, provided rainfall does not exceed 40 - 50 mm within two to three 
days of application. This method can be used under intensive conditions where strip
grazing management is practised. Causmag at the rate of 500 grams/cow/week is usually 
used. 
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Water Trough Treatment: Soluble magnesium salts (chloride and sulphate) in drinking 
water can be used, but there are major problems with palatability and variable water 
intake. Water intake can vary from 5 to 40 litres/cow/day depending on weather 
conditions and the dry matter content of feed. 
Magnesium Licks: Under extensive grazing conditions, free access to mixtures of 
molasses, salt, and magnesium oxide (commercial preparations are available) may have 
to be adopted, but it must be realised that intake cannot be controlled. As with all lick 
preparations, ten per cent of the herd will not partake, 10 - 15 per cent will partake only 
occasionally and some will consume excessive amounts. Individual needs do not dictate 
the amount consumed. 
Magnesium Boluses: These are high-density tablets, which are administered to cattle by 
mouth. Because of their weight, they remain in the rumen-reticulum and disintegrate 
slowly, releasing magnesium over a long period. There are several types available, some 
with action up to 100 days. The major disadvantage is the cost. 
Other Management Measures 

2.5.9 

Later calving, as clover and more mature grass contain more magnesium (may not 
be an option for dairy farmers). 
Use of magnesium fertilisers (see Section 6. 7). 
Magnesium injections have been developed for short-term treatment. 

Calcium and Phosphorus Deficiencies 

Calcium and phosphorus deficiencies as a direct result of inadequate pasture levels are 
unlikely in New Zealand. Physiological factors such as lactation, parturition, and pregnancy 
can result in hypocalcaemia ('milk fever' - see Section 2. 5.1 0, below) and 
hypophosphataemia, but the main problem is the inability ofthe animal to mobilise body
reserves, rather than a dietary deficiency. 

2.5.10 Milk Fever 
(See also Section 2.5.9, above) 

Milk fever is caused by lowered blood calcium levels that can occur in several ways: 
o Excessive loss of calcium in colostrum. 
o Poor absorption of calcium by the animal. 
o Gland dysfunction. 

Milk fever is a disease of high producing dairy cows (rare in first or second calvers) and 
occurs with an incidence of about 3 - 8 %per year. 

It is less frequent in sheep, and appears to be related to eating particular feeds such as 
green-feed oats and short-rotation ryegrasses. 
Course of Disease 
Lowered levels of calcium in the blood can cause the muscles to fail to respond. It can also 
be associated with lowered magnesium and phosphorus blood levels (see Section 2.5.9). 
Clinical Signs of Milk Fever 

Stage 1 Excitement phase, with muscle quivering. 
Stage 2 Partially conscious - muzzle dry and reflexes depressed - temperature 

low - no urination - no defaecation. 
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Stage 3 

Treatment 

Comatose - begins to bloat up - heart rate up. Sit the animal up on its 
brisket if possible. This will stop the cow bloating. 

Cows with milk fever can be treated with 100- 250 grams of calcium borogluconate (8.3% 
calcium), that is, 400- 1000 ml of a 25 %or 37.5 %solution intravenously (in vein) or 
subcutaneously (intramuscular). Note: A 50% solution should only be used subcutaneously. 

Inflation of the udder was used in the past and appeared to work but the resultant mastitis 
was a problem. 

Sheep with milk fever can be treated with 50 ml of a 50 % solution or 100 ml of a 25 % 
solution of calcium borogluconate by subcutaneous injection (intramuscular). Remember a 
very high proportion of ewes treated for milk fever will abort lambs after responding. Ewes 
are prone to milk fever after grazing on green feed oats. 
Prevention 
Recent New Zealand trials have shown that the use of magnesium salts can prevent milk 
fever. Farmers with more then 3% 'downer cows', can feed in the pre-calving period either 
200 grams of magnesium sulphate per day (recommended), or 150 grams of magnesium 
chloride. This has the effect of raising blood calcium levels. Both these products are superior 
to magnesium oxide, which should only be used when the herd does not have a milk fever 
problem. 

Do not feed calcium supplements prior to calving. This depresses parathyroid gland 
activity and 'turns down' the calcium absorption mechanism. Success has, however, been 
achieved in the prevention or reduction in the incidence of milk fever in cows through the 
feeding of 'lime flour' (finely ground limestone) at, or soon after calving, at the rate of 100 
grams/cow/day, dusted on pasture or 40 g/cow/day fed with grain supplements. 

Inject vitamin D into 'at risk' cows (older, high producers) before calving. 
Do not completely milk out older, susceptible cows for three days after calving. There is 

a possibility of increased risk of mastitis with this method of treatment, however. 
Be careful when grazing ewes on green-feed oats and short-rotation ryegrasses. 
Try and avoid stress situations prior to lambing and calving. 
Deterioration in weather conditions during calving and lambing can increase problems. 

2.5.11 Sodium Deficiency 

Sodium deficiency has been observed in grazing animals in New Zealand. Both sodium and 
chlorine (the components of common salt) are essential for the normal functioning of the 
body. The minimum concentrations of sodium in feed dry matter should be 0.12% for cattle, 
and 0.09 % for sheep. When levels fall below these values, deficiency symptoms can 
develop. These may be abnormal chewing or licking of soil, wood, or sweat in the early 
stages, followed by loss of appetite, weight loss and reduced growth rates and milk 
production. The condition is diagnosed by examining the sodium I potassium ratio of saliva. 

Development of a sodium deficiency depends on soil sodium status, proximity to sea 
coast, use of potassic fertilisers (which can interfere with sodium uptake by plants), nitrogen 
application (which increases sodium uptake by the plant), and the type of pasture species. 
Plants vary in ability to transport sodium from their roots to the foliage. Those plants that 
have low rates of uptake, and tend to accumulate sodium in their roots, have low leaf sodium 
content (for example, browntop, timothy, kikuyu, maize, paspalum and lucerne). Pastures 
containing a predominance of these species generally need supplementary sodium to be 
provided for grazing animals. 
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2.5.12 Pregnancy Toxaemia 

2.5.12.1 
Cause 

Ketosis Acetonaemia (in Cows) 

Occurs when cows are subjected to heavy demands on their supplies of glucose and 
glycogen. There is a very high glucose requirement for lactation. Cold stress and under
nutrition can also precipitate the condition. This results in an increase in substances called 
ketone bodies in the blood. Ketone bodies can give a vinegar-like smell to the breath of the 
animal and the milk has a vinegar-like taste. Urine can be tested with special test strips. 

If the condition continues it can result in nervous damage, loss of liver function and loss 
of kidney function. 
Clinical Signs 
Drop in milk production, stop eating, sweet smell on breath and milk, may get nervous signs. 
Subclinical Effects 
Poor production (reduced milk output). 
Prevention of Ketosis (in Cows) 
Later calving (if practical), better feeding (particularly with grain, silage or good hay) in the 
two to six weeks after calving, particularly with high producing cows. 
Treatment 
Glycerine, keto! or glysatone by mouth can be used at a dose rate of250 ml twice daily for 
up to four days. In some cases, administration of intravenous glucose solutions or of 
intramuscular cortisone injections may be used on veterinary advice. 

2.5.12.2 
Cause 

Sleepy Sickness I Twin Lamb Disease (in Ewes) 

Increase in ketone bodies in the blood (see ketosis in cows, above) in last six weeks of 
pregnancy in ewes with multiple pregnancies. Occurs when ewes are subjected to heavy 
demands on their supplies of glucose and glycogen. 
Clinical Signs 
Ewes become 'dopey' and a wool break develops at skin. Animals stop eating and go down 
and eventually die. The liver is pale orange I yellow colour and fatty. 
Treatment of Sleepy Sickness in Ewes 
Treatment is not very successful. Glucose, glycerine, keto!, propylene glycol, or glysatone by 
mouth can be used. However removing tail-enders when shifting the mob and putting them 
on to high quality feed (autumn saved pasture) can help if cases are identified in the early 
stages of the disease. The condition is uncommon in pre-lamb shorn ewes. 
Prevention 
Avoid over-fatness in early pregnancy. Exercise is important, and the dry matter intake 
should be increased in the last four to six weeks before lambing. Scanning of ewes for 
detection of twins will aid management and feed budgeting. 
Note the differences between 'milk fever' and 'sleepy sickness' in ewes (see Section 2.5.10, 
page B-53). 
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2.5.13 Poisoning of Livestock 
Note: See also Sections 2. 5. 4 to 2. 5. 6, page B-49, for information about 
poisoning caused by the presence of toxins in or on pasture. 

2.5. 13.1 Nitrate-Nitrite Poisoning of Stock 
Pasture and some forages can be toxic under certain conditions. Nitrate-nitrite poisoning 
occurs in ruminants when diets are high in nitrate and low in soluble carbohydrate. In cases 
of acute nitrate poisoning, animals are found dead with few, if any, indications of clinical 
signs in the live animal prior to death. The animal dies from anoxia (absence of oxygen) 
when about 60 per cent of the haemoglobin has been rmmobilised. On examination of the 
dead animal, blood is usually found to be chocolate-brown in colour. There have been 
reports of abortion and foetal abnormalities in ewes that have eaten feed containing high, but 
sub-lethal, levels of nitrate, and serious abortion problems have also been reported in cows. 
Normally, pasture plants do not have high levels of nitrates, but under certain conditions 
accumulation can occur. When levels within plant material are greater than 2 % (dry matter 
basis), it should be treated as toxic. Levels of 1 - 2% in plant material may cause problems if 
it is the sole feed available; however levels of less than 1 % are usually safe. Kits for 
field-testing of nitrate levels in crushed plant material are available from veterinarians and 
animal health laboratories. 

It is difficult to stipulate these nitrate levels categorically because ruminants in good 
condition and fed ample carbohydrate can tolerate higher levels. If doubt exists, plant 
material should be diluted by supplementing with other feed that has low nitrate levels, so 
that total availability is less than 0.5 %nitrate. Cereal crops that are immature or diseased 
(e.g., with Barley Yellow Dwarf Virus), and re-growth in brassicas, commonly contain 
elevated levels. Rapid growth of short-rotation ryegrasses has proved toxic. This danger is 
increased with the use of nitrogenous fertilisers, or if well or bore water containing 200- 500 
ppm (parts per million) of potassium nitrate is used as a drinking supply to stock. 

2.5. 13.2 Phalaris Toxicity (Phalaris Staggers) 
Phalaris toxicity occurs when high levels of alkaloids are present in phalaris. These levels 
are highest when day-time temperatures are greater than 20°C and there is low light 
intensity, as can occur during autumn. 
Signs 
Signs are respiratory distress, incoordination, collapse, convulsions, and death. 
Treatment 
There is no specific treatment, but recovery is usually rapid when animals are removed from 
the toxic pasture. 

2.5.13.3 Cyanide Poisoning 
Cyanide poisoning as a result of consumption of cyanogenic plants is uncommon, but can 
occur when these plants are growing rapidly, damaged, or wilted and when animals are very 
hungry. Animals are found dead, with few if any indications of problems in the live animal. 
Onset of death is extremely rapid. Cyanogenic plants include native couch (Brachyachne 
convergent), sorghum (S. vulgare), white clover, some brassicas, reed sweetgrass (Faa 
aquatica), Johnson grass (Sorghum helepense), Sudan grass (S. sudanense), and linseed if 
eaten in large quantities (sheep) or if not boiled (calves). 

The concentration in the different species is variable, depending on climate and other 
conditions which influence plant growth and the subsequent accumulation of glycosides 
(arising as by-products of plant metabolism). 
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2.5.14 Acidosis 
(See also Sections 2.4.1.1 and 2.4.2.1, pages B-24 and 32) 

Acidosis (lactic acid poisoning, grain poisoning, or founder) is common in livestock and is 
frequently undiagnosed. It is important to realise that any change of diet requires a period for 
the digestive tract to adjust to the new food source. Any stockperson should be aware of this 
and be prepared to adjust management to accommodate the changes. 

Acidosis results from an excess intake of feeds rich in starch and other carbohydrates 
which give rise to an abnormal acid fermentation within the rumen, involving excessive 
production of lactic acid. As the lactic acid level increases, normal rumina! flora are 
destroyed and the rumen pH falls to below 5.0 (normally 6.0 to 7.0 in pasture-fed animals). 
Acidosis is commonly associated with excess grain ingestion, but the condition can occur on 
pasture or with excess consumption of fruit or root crops. This condition can occur on 
pasture as a result of a significant increase in the palatability of the feed on offer, or as a 
result of feed deprivation for a time before access to carbohydrate-rich feed is allowed. 
Signs 
Signs include dehydration, diarrhoea, abortion, lameness, and death. 
Treatment of Acidosis 
Involves the use of sodium bicarbonate (baking soda) orally* or intravenously in extreme 
cases. Milk of magnesia (orally). (*Care is required with this treatment as bloating may 
occur). 

Removal of rumina! contents by surgery can be attempted if economically justified. 
Prevention 
Prevention is a more satisfactory option and, in cases where high palatability is suspected or 
where animals are hungry, introduction to feed should be gradual or access to hay provided 
before introduction to the feed. Rumen flora will normally adapt to dietary changes if given 
sufficient time. A good example of this is the use of grain in a drought-feeding situation. If it 
is proposed to feed adult sheep 1 kg of grain as a daily ration then it would be advisable to 
start animals of on 100 grams of grain per day, gradually increasing to 1 kg over a period of 
ten days. This type of approach will allow the rumen and the rumen flora to adjust to the diet 
over the ten day period. 

Editor's comment: Elsewhere in this manual, another author recommends that grain should 
be fed at the rate of 50 g/head/day for the first ten days, then gradually increased to the final 
ration level over the following seven to ten days. Farmer discretion is advised. 
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2.6 

2.6.1 

DISORDERS ARISING FROM POOR QUALITY 
STORED FEED 

How to Avoid Problems 

Proper conservation and storage of feed is essential for animal welfare. Mouldy hay and 
grain and poor quality silage are responsible for animal deaths and substantial production 
losses. 

To prevent damage to feed requires care and attention to detail during harvesting and 
storage of hay, pit and big bale silage, and grain. Hay should be baled when dry and stored 
under cover to eliminate conditions that favour mould or fungal growth. If this is done, dry 
or ensiled feed will remain stable for long periods of time. The key to good silage is to 
prevent access of air to the bulk of the stored mass of material. This creates 'anaerobic' 
conditions which prevent oxidative damage. The fermentation of carbohydrates in the feed to 
organic acids occurs through the action of bacteria and yeasts which grow when there is no 
or very low exposure to air. This acid production results in a pH between 3.8 and 4.2, 
depending on the dry matter content. This pH is low enough to inhibit all microbial growth, 
including bacteria, which can produce disease. If low pH conditions are not achieved, 
microbial growth can cause combinations of the following: 

Visible mould I fungal growth with or without heat damage. 
Heating damage, which can vary from slight damage to spontaneous combustion. 
Invisible destruction of nutrients, loss of dry matter, or production of toxins. 

Disease can occur in animals that consume feed that has been affected in these ways. 
Feed analysis may not reveal the degree of damage to feed. Estimation of pH helps assess if 
a problem is likely but it seldom gives a definitive answer. Testing for mycotoxins is 
difficult because specific tests are expensive and there are no routine tests, except for 
Zearalenone. There is a test for nitrate that can be used ifthere is any suspicion of a problem. 

Do not feed mouldy or heat-damaged silage to livestock, and avoid incorporating known 
toxins into the stack or bale at time of making. If it is necessary to use such feed, mix it with 
good quality feed to dilute it. However, it may still be difficult to avoid problems. 

2.6.2 Listeria - Bacterial Infections from Stored Feed 

Feed contaminated with Listeria meningoencephalitis can cause several diseases in animals. 
Also, dairy cows that eat silage contaminated with Listeria may become 'carriers' without 
symptoms. They can cause Listeria infection in other animals and humans and excrete the 
bacteria into their milk, although effective pasteurisation kills Listeria. 

Listeria is an infection of the brain and its covering. In sheep the condition is referred to 
as "circling disease", and a similar condition occurs in cattle. Affected animals develop an 
abscess in the base of the brain that causes them to turn continually in one direction. Most 
animals die within 7- 14 days and treatment is ineffectual. The condition usually occurs in 
autumn and winter. 

Listeria abortion has been reported in cattle and sheep at all stages of pregnancy. Both 
silage and big bale hay can be a source of infection in animals. Abortions occur seven days 
after the start of silage feeding. 

Because Listeriosis can be transmitted to humans, care should be taken when handling 
material in which it may be present. 
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Listeria can grow and multiply in soil, rotting plant material, and faeces at low 
temperatures. It can tolerate the high temperatures silage goes through during aerobic 
fermentation. In anaerobic conditions, Listeria cannot survive below pH 5.5, but in poorly 
made silage with access to air, it can be found at pH levels as low as 3.8. If air is able to 
penetrate during storage, growth of anaerobic bacteria, such as Listeria, can increase the pH 
allowing further microbial deterioration. 

Conditions that favour the growth of Listeria also favour moulds and fungi. In tightly 
packed silage, air entry is confined to the surface but in poorly pressed material, exposure to 
air and spoilage with microbes can spread throughout. Crops cut late in the season, or that 
have high dry matter content, are more likely to be contaminated with Listeria as a result of 
poor fermentation and high pH levels. 

2.6.3 Fungal infections from Stored Feed 

Fungal Abortions 
Fungal abortion is most commonly associated with poor quality or mouldy hay but 
over-heated big bale silage can also cause infection. In 1989, fungal abortions caused more 
than half of the confirmed cases of abortion in New Zealand. Except for the placenta, most 
tissues in adult animals are resistant to fungal infection. 
Zearalenone Toxin 
The Zearalenone toxin mimics the action of the hormone oestrogen and reduces lambing 
percentages in ewes. The fungus can grow on pasture and stored grain. Take care when 
feeding grain or grain-based products that have been damaged by water or incompletely 
dried. The fungal agent is difficult to recognise and can leave mycotoxin behind as an 
invisible contaminant after it dies. 
Sclerotia 
Hay or silage made from grass contaminated with the sclerotia fungus can cause lameness 
and gangrene in animals. The grass appears blackened with the sclerotia and this is still 
visible in silage or hay. 
Lung Diseases 
Fungal lung diseases (Farmers Lung and COPD) have been linked to inhalation oflarge 
numbers of fungal spores when mouldy hay and silage is fed out. COPD (chronic obstructive 
pulmonary disease), particularly in horses, may be an allergic response to fungal spores. It is 
advisable to avoid breathing dust if it is necessary to feed out such material. 

2.6.4 Other Disorders of Stored or Supplementary Feeds 

Nitrate Poisoning from Stored Feed 
Toxic amounts of nitrates are present in the early growth stage of plants, but decline rapidly 
as plants matures. Heavy applications of nitrogenous fertilisers, drought stress, and 
herbicides such as 2,4-D can also allow the plant to accumulate nitrate. Rumen bacteria 
convert the plant nitrate to nitrite which is ten times more toxic than nitrate. Ensilage 
generally reduces the nitrate levels in plant materials by 50 %, while the nitrate level in hay 
undergoes very little reduction. 
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Metabolic Diseases Resulting from Low Feed Intake 
Problems such as pregnancy toxaemia can result if the quality of feed during late pregnancy 
is poor. Low voluntary feed intake (VFI) during this period can result in metabolic I 
production diseases such as acidosis in cattle, hypocalcaemia (milk fever) in cattle and 
sheep, and hypomagnaesmia (grass staggers) in cattle. An alternative feed should be 
provided ifVFI is low. 
Trace Element Deficiencies in Supplementary Feeds 
Low copper appears the biggest problem in silage. Copper is often below 2 ppm (parts per 
million) in silage. If silage is a major component of the diet of cattle over winter, measure its 
copper levels. Cattle require at least 7 ppm of copper in the diet, and even with good liver 
reserves of copper, depletion can occur over a period of three months. Supplement with slow 
release copper preparations if copper in silage is low. 

B- 60 



2.7 

2. 7.1 

TRACE ELEMENTS AND DEFICIENCIES IN 
RUMINANT ANIMALS 

Introduction 

Information in this sec;tion has been adapted from a variety of sources - see Section 2. 7. 8, page 
B-76. 

Trace elements are a group of chemical elements that are required by stock in very small 
quantities. These elements can be found in enzymes, hormones and vitamins which, when in 
short supply, can be a major constraint to normal growth and production. 

Decreases in animal performance of 5 - 20 % have been reported. Trace element 
deficiencies are frequently blamed for poor growth rates but it is important to understand the 
requirements of animals, the sources and the diagnosis, before undertaking expensive 
preventive measures. 

The trace element deficiencies that are reported to be major causes of problems in 
ruminant animals in New Zealand are cobalt, copper, iodine and selenium. The symptoms that 
commonly arise from deficiencies of these elements are shown in Table 2.1, over page. 

See Table 2. 3 (page B-64) for conditions of greatest risk for trace element deficiencies. 

Stock Requirements of Trace Elements 
Milk and pasture both contain trace elements, originally derived from the soil, which are 
required to meet the demands of the growing ruminant. After weaning, and during the adult 
phase, all trace elements are derived from pasture, crops or conserved feed. Trace element 
requirements depend upon the liveweight of the animal, the rate at which it is growing, its age 
and reproductive status. The amount of trace element received by the animal depends upon the 
amounts of milk and pasture ingested, the amounts of trace elements in both milk and pasture, 
and the fraction of these ingested trace elements which are absorbed. (Not all of the trace 
elements taken into the digestive system are able to be absorbed by the animal). 
The quantities that are required by the animal on a daily basis are very small. 

The possibility of trace element deficiencies occurring under New Zealand farming 
conditions is ever present. However before undertaking expensive and often unnecessary 
treatment or prevention programmes it is essential to confirm the presence of a deficiency. 
This is best achieved by collecting blood or liver samples from the animals affected (see 
"AgFact" 52: Trace Element Testing; web-site on page B-7). Analysing samples offeed1 for 
trace element content is common practice, although this is insufficient on its own. It is well to 
remember that for selenium, cobalt and copper, liver reserves in the animal can keep it free 
from clinical signs of deficiency for up to three months, even if these animals are grazing 
deficient pastures at the time. 

1Table 2.2 on page B-63 provides guidelines as to the quantities of minerals required in feed for sheep 
and cattle. Feed can be analysed at a number of laboratories throughout New Zealand, including 
Lincoln University and e-lab.limited (at Ruakura, Hamilton). The feed sample should be sealed in a 
clean plastic bag. Pasture and crop samples should be sampled at grazing height, and must not be 
contaminated with soil. 
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Table 2.1: Trace Element Deficiencv Clinical Sians 

*=Infrequent,**= More frequent,***= Common. 

Clinical Signs Copper (Cu) Selenium (Se) Cobalt (Co) Iodine(/) 

Still-birth ** *** 

Death, sudden * (adult cattle) **(young stock) 

Death, wasting * * * 

Ill -thrift *** (calves) *** *** 

Weakness at birth * * *** 

Wool I hair defects *** *(sheep) * ** 

Bone &joint * * (cattle) 
abnormality & deer) 

*(lambs) 

Lameness * 

Stiffness ***(lambs, kids 
& young deer) 

*(calves) 

Incoordination **(lambs, kids 
& mature deer) 

Infertility **(cattle- Mo *** (sheep) * * 
excess#) * (cattle) 

Prolonged gestation * i 

Diarrhoea **(cattle- Mo * 
excess#) 

I 

Anaemia * I * I I 

Order of Severity: (1 = most severe, 4 = least severe) 

Lambs 2 1 1 1 

Adult sheep 2 2 2 2 

Kids 2 1 2 1 

Adult goats 2 2 2 2 

Calves 1 2 3 1 

Adult cattle 1 4 4 2 

Young deer 1 2 3 unknown 

Adult deer 1 2 3 unknown 
- --

# Mo excess = Molybdenum excess 
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Table 2.2: Mineral Content Required in Feed Dry Matter for Sheep and Cattle 

These estimates must be used with care; please read the cautionary notes on page B-61, and 
Note I below. For deer and goats see also Note I. 
(Source: N.D. Grace, AgResearch Grasslands, Palmerston North). 

Major Minerals I Elements 
Calcium 
Phosphorus 
Sodium 
Chlorine 
Magnesium 
Potassium 
Sulphur 

Minor Minerals I Elements 
Iron 
Manganese 
Copper 
Zinc 
Cobalt 
Selenium 
Iodine 

Ca 
p 

Na 
Cl 
Mg 
K 
s 

Fe 
Mn 
Cu 
Zn 
Co 
Se 
I 

Sheep 

0.29% 
0.20% 
0.09% 
0.10% 
0.12% 
0.36% 
0.20% 

30 ppm 
25 ppm 
5-10 (see Note 4) 
25 ppm 
0.10 ppm 
0.03 ppm 
0.15 - 2.0 (see Note 5) 

Cattle 

0.44 % (see Note 2) 
0.32% 
0.12% 
0.24% 
0.19% (see Note 3) 
0.58 % 
0.18 % 

40ppm 
25 ppm 
9 - 12 (see Note 4) 
25 ppm 
0.06 ppm 
0.03 ppm 
0.18-2.0 (see Note 5) 

Note 1: These values should give adequate mineral intakes, assuming normal mineral 
availability and adequate feed intake. The data has been obtained from mineral 
supplementation animal performance trials as well as modelling data obtained 
from mineral balance studies, slaughter trials and isotope kinetic experiments 
carried out with sheep and cattle in New Zealand and overseas. 
The dearth of data means that the dietary mineral requirements for goats and 
deer have not been established. As a guide, the requirements of goats appear to 
be similar to sheep, while those of deer appear to be similar to cattle. 

Note 2: The nutrition of Ca is complex, and physiological factors can be more important 
than dietary Ca, particularly at calving. Low Ca diets two to three weeks prior to 
calving will stimulate the mobilisation ofCa and greatly reduce the incidence of 
milk fever. 

Note 3: Increasing potash (K) intake, by topdressing pastures with Kfertilisers in the 
winter or early spring, decreases Mg absorption. 

Note 4: Depends on concentrations of Mo, S, Fe and Zn as these can decrease Cu 
absorption and utilisation. There is a seasonal decline in Cu status, with liver Cu 
stores being lowest in late winter and early spring. Figures are in ppm (parts per 
million). 

Note 5: 2 ppm iodine recommended when feed includes goitrogens (e.g., Kale). 
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Table 2.3: Conditions of Greatest Risk for Trace Element Deficiencies 

Low Copper Low Cobalt Low Selenium Low Iodine Hi~:h Molybdenum 
Season Spring Spring I Summer Late Spring I Autumn Summer Late Winter I Spring 
Pasture Maturity Old Old - - Young 
Pasture Growth Rate Rapid Rapid Rapid Rapid Slow 

Pasture Species Grass dominance, Fescue, Cocksfoot, White clover, Goitrogens in the feed Clover dominance, 
Fescues Timothy, Phalaris Paspalum, Kikuyu (W.Clover, Brassicas, Yorkshire Fog, 

e.g., Kale) Cocksfoot 
Soil pH High High - High High 
Soil Organic Matter High High High Low High 
Soil Water Dry Dry Wet - Wet 
Animal Species Calves Lambs Young stock Young lambs Cattle 
Soil Contamination High Low Low Low High 
Soil Types or Peat, sands, podzols, See Note I, below. Taupo and Kaharoa Sands, inland South See Section 6.20.4, 
Parent shallow rendzinas, See map (page B-70) pumice, peats, Island areas of page F-48 on soil 
Rocks (PR) upland YB earths NI podzols, gleys, sedimentary molybdenum levels. 

SI YG earths, PR. 
Manawatu sands, 
Coarse acidic PR. 
See map page B-68. 

Interactions High S, Zn, Fe & Mo Fertiliser N High S and /or P High Ca intake 

Key: S = Sulphur Fe= Iron PR = Parent Rocks Ca = Calcium 
Mo = Molybdenum P = Phosphorus YB =Yellow-Brown Earths YG earths = Yellow-Grey Earths 

Note 1: Severe cobalt deficiency is found, in the North Island, on Yellow Brown pumice soils formed from the rhyolitic Taupo and Kaharoa 
ashes, and on strongly leached soils derived from Mairoa ash. In the South Island, on soils derived from granite in Nelson and 
Westland and the Pakihi soils of the West Coast. 
Moderate cobalt deficiency (sheep only affected) occurs on leached soils of Northland, and leached I podzolised Yellow Brown earths 
derived from loess in Southland 
Marginal cobalt deficiency probably on the gumland soils of Northland, stony soils in Hawkes Bay, and also coastal sands and soils 
formed from pumice alluvium. Most areas of Southland can be affected, as can extensive areas of fairly leached stony soils, e.g, 
Lismore stony silt loam and Ruapuna silt loam 



2.7.2 Selenium (Se) Deficiency 
(Note: See also Section 2. 7.1, page B-61) 

2. 7.2.1 Background about Selenium 
Selenium, in association with Vitamin E, is required by the body for the protection of cells 
from the destructive effects of some of the products of metabolism, and for the maintenance 
of an effective immune system. 

Selenium is deficient in about 30% of soils in New Zealand (see Figure 2.8, page B-68). A 
deficiency of selenium can result in 'white muscle' disease, reduced fertility, lowered milk 
production and ill-thrift (see page B-62). Selenium deficiency can be overcome by giving 
selenium supplements either to the animal or by topdressing pastures. 

Selenium levels in deficient soils are below 0.5 ppm, and the correlation between these 
levels and the incidence of deficiencies is high. Selenium deficiency is seldom seen when 
pasture selenium levels are above 0.03 ppm. Levels in pasture can be influenced by rate of 
growth, pasture species, fertiliser application and water application (either as rainfall or from 
irrigation). See page B-64. 

It has to be emphasised that excess selenium is toxic, and many of the problems now being 
identified are as a result of excessive use. 
Note: For further reading on selenium deficiency see "AgFact" No. 7- Managing Selenium 
Deficiency (web-site on page B-7). 

2. 7.2.2 Clinical Signs and Diagnosis of Selenium Deficiency 

Clinical Signs 

Ill Thrift (failure to thrive): 
In the growing ruminant animal, deficiency has often been associated with 'ill thrift'. 
White Muscle Disease: 
In the presence of selenium deficiency, animals frequently exhibit weakness or failure of 
skeletal or cardiac muscle. This can be recognised, on examination of the dead animal, as 
areas of muscle which resemble cooked chicken flesh. This occurs as a result of the deposition 
of calcium within the damaged muscle structure. 
Two forms of white muscle disease have been loosely described: 

Congenital White Muscle Disease- This term has been used to describe the condition seen in 
lambs and kids, which die at birth or soon after. When examined, these lambs and kids 
frequently show areas of severely affected heart muscle. If the lamb or kid survives for a 
few days after birth, other skeletal muscles can be affected. 
Delayed White Muscle Disease- This condition is generally seen in lambs, and occasionally 
other young ruminant animals from two to six weeks of age, but has been reported as early 
as five days and as late as eight months. It can be brought on by yarding and other stresses. 
Intercostal muscles can be affected with respiratory difficulties resulting. The condition 
can be seen in identical muscle masses on both sides of the body. It has also been reported 
in many other domestic animals. 

Poor growth rates and decreased wool production are probably the most important effects of 
selenium deficiency in sheep. Increases of 5 - 10 % in liveweight would be expected as a 
result of selenium supplementation when lambs are known to be grazing selenium-deficient 
pasture. Responses in wool weights of 30 - 50 %have been reported in response to treatment. 
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Significant growth rate responses have also been recorded in other species, and positive 
responses to reproductive performances have been recorded in sheep, cattle and other species. 
Diagnosis 
Confirmation of selenium deficiency can be made, by taking liver samples from dead animals 
and blood samples from live animals. To obtain an indication of the selenium status of a 
flock, three to four samples will generally suffice, as the variation in selenium levels is not 
great between individuals. 

2.7.2.3 Treatment and Prevention of Selenium Deficiency 
Drenching 
Extensive use has been made of drenching animals with solutions of selenium salts for both 
treatment and prevention of selenium deficiencies. A single oral dose usually provides 
adequate supplementation for one to three months. 
The oral dose of sodium selenate for: 

lambs from birth to 1 month is 1 - 2 mg 
hoggets is 3 mg 
adult sheep is 5 mg 
young calves is 10 mg 
adult cattle is 30 mg 

Note: Always check the concentration of solutions of selenium that are being used, as 
these can vary, e.g., from lmg/ml to 25mg/ml, and remember the doses above are in 
mg, not ml. 

Solutions of selenium can also be added to worm drenches. Care should be taken when using 
selenium, particularly in lambs, as a dose of 10 mg (x 5 normal dose) has been reported as 
killing 50% of treated animals. The safety factor is greater in older animals. 
Subcutaneous Injections 
Sterile selenium salts can also be administered as injections (at same dose rate as drench, 
above), either simply as a sterile selenium injection or more commonly in association with 
clostridial vaccines. These preparations can maintain selenium levels for up to three months, 
giving a very similar result to the oral drench. However, in contrast to the oral drench, blood 
levels peak at very high levels one to two hours after injection, before decreasing about 48 
hours later. As a result, poisoning is more common following selenium injection. 

A paste preparation of barium selenate ("Deposel'', "C-Vet") is also available as a 
long-acting injection. This provides the animal with increased blood levels of selenium for up 
to five months. Care should be taken with the injection site (as with all injections) because. of 
the local reaction which can occur. 
Controlled Release Preparations 
Devices, such as "Permasel", are given by mouth and lodge in the rumen. Over time they 
slowly release sufficient selenium to provide supplementation for up to 12 months. They 
should not be given to animals under eight weeks of age. Toxicity has been observed when 
"Permasel" and "Rumbul" bullets have been used at the same time. This appears to be an 
electrolytic reaction between the metal components, allowing very rapid release of the 
selenium, which can result in death. "DuraSe 120" is another slow-release device used in 
cattle, which releases a constant 3 mg/day for 120 days. Addition of selenium to slow release 
anthelmintic capsules has been said to increase selenium blood and tissue levels for at least 
210 days. 
Topdressing with Selenium 
Topdressing pastures with 10 g selenium/haas selenium-containing prills has proven to be a 
highly effective method of providing additional selenium to animals. Using prills containing 
slow-release selenium in the form of barium selenate, pasture levels have remained adequate 
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for up to 24 months. Once storage levels in the liver have been elevated, this should be 
sufficient to keep blood selenium levels (in sheep) within the adequate range for three to four 
months. The rotation of flocks over topdressed areas can be highly effective in maintaining 
the selenium status of animals. 
Other Methods 
The use of stock-licks for the supply of trace elements is widely practised, but the practice is 
not particularly reliable. With the advent of units capable of delivering medication directly 
into the water supply some farmers have adopted this approach, however the practice is more 
suited to dairy units. 

2. 7.2.4 Selenium Toxicity I Poisoning 
With the advent of various preventive measures for selenium becoming available and their 
ready acceptance by farmers, high selenium levels in animals being presented for slaughter is 
becoming an increasing problem. Animals with liver selenium levels in excess of 2 mg 
selenium/kg are unsuitable for human consumption. It is necessary for farmers to understand 
that the problem with excessive selenium usage is not just acute deaths but carcass rejection 
and in many cases chronic poisoning with animals showing poor growth, loss of appetite, 
lameness and poor wool production. Ill-thrift investigations should always eliminate the 
possibility of selenium poisoning. Animals grazing selenium top-dressed pastures six months 
after application should not be dosed with selenium. 
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Figure 2.8: 
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Areas of Selenium Deficiency as Measured by Lamb Growth Trials 
(Source: MAFF. Note: Unfortunately this map is now out-of-date, and 
therefore can only provide an approximate indication of deficient areas.) 
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2.7.3 Cobalt {Co) Deficiency 
(Note: See also Section 2. 7.1, page B-61) 

2.7.3.1 Background about Cobalt 
Cobalt deficiency (or Vitamin B12 deficiency) in ruminant animals causes loss of appetite and 
decreases in liveweight gain and production (see page B-62). The term 'ill-thrift' describes the 
condition very well. The deficiencies can be treated, prevented or controlled by the use of 
Vitamin B12 injection, by the use of cobalt boluses, or by the addition of cobalt sulphate to the 
fertiliser. 

Extended periods of low cobalt intake can be responsible for Vitamin B12 deficiency in 
ruminant animals. It is important to realise that cobalt is a dietary requirement in all adult 
ruminant animals and is converted, as a result of microbial action in the rumen, into Vitamin 
B12 that is then used by the animal. Young ruminants which have not commenced grazing and 
consequently have an undeveloped rumen require Vitamin B12 in the diet. At this age they 
obtain it from milk, as well as from foetal storage supplied by the dam during pregnancy. 

The requirements for cobalt are greater for sheep than for cattle, so consequently, cobalt 
deficiency becomes apparent first in sheep, in particular the growing lamb, which has higher 
requirements than the adult as a result of the active growth period. 

Few deer farmers use Vitamin B12 or supplement with cobalt. Little is known about the 
requirements of deer, but many deer have serum levels of Vitamin B12 in the range which is 
said to produce growth responses in lambs. 

Many farmers regard cobalt deficiency as being the most important trace element 
deficiency and one ofthe major constraints to lamb growth. Since 1979, the incidence and 
severity of Vitamin B12 deficiency has apparently increased, and the use of cobalt and Vitamin 
B12 for both treatment and prevention has become standard practice on many farms. It is 
probable, however, that a large proportion of the Vitamin B12 used is unwarranted and 
unnecessary. 
Note: For further reading on cobalt deficiency, see "AgFact" No.6- Managing Cobalt 
Deficiency (web-site on page B-7). 

See next three pages for further information about Cobalt 
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Figure 2.9: Distribution of Cobalt Deficient Soils 
(Source: MAFF. Note: Unfortunately this map is now out-of-date, and 
therefore can only provide an approximate indication of deficient areas.) 
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2.7.3.2 Clinical Signs and Diagnosis of Cobalt Deficiency 

Clinical Signs 
Animals affected with Vitamin B12 deficiency display loss of appetite, resulting in poor 
growth rates and in sheep, impaired wool growth (see page B-62). There is also evidence of 
higher worm burdens in both lambs and ewes with Vitamin B12 deficiency. A watery 
discharge from the eyes is frequently present and the wool may lack lustre. Vitamin B12 

deficiency has also been suggested as a contributing factor in polioencephalomalacia (PE, a 
brain disease), ovine white liver disease and phalaris staggers. 

The picture presented is one of classical 'ill-thrift' with little in the way of diagnostic 
signs, which would definitely indicate cobalt deficiency. 'Ill-thrift' and loss of appetite is also 
an important sign of primary parasitism and emphasises the importance of confirming a 
diagnosis before undertaking expensive preventive measures. 
Diagnosis 
Of all the trace element deficiencies, the diagnosis of cobalt deficiency is the most difficult. 
Diagnosis often involves the full range of practical tests. Interpretation of these results is also 
very difficult. The tests, which are commercially available, involve testing for either serum 
(blood) Vitamin Bu or liver Vitamin B12• 

On-farm tests can also be used by undertaking dose-response trials. In a sheep farm 
situation this involves the weighing of tagged and weaned lambs, using approximately 50 
control lambs and 50 lambs treated at the time of weighing with an injection of Vitamin B12, 

and comparing the weight gains for at least 30 days after treatment. It is also advisable to 
obtain serum Vitamin B12 analyses at the same time. A weight-gain response should be 
present in the treated animals if a Vitamin B12 deficiency is present. 

Extensive use has been made of testing livers from animals obtained from the meat 
processing plants ("Optigrow" tests). These provide a useful monitor on the Vitamin B12 

status of a flock or herd, but it has to remembered that these results are obtained from prime 
animals and may not reflect the general levels within the flock or herd. 

2. 7.3.3 Treatment and Prevention of Cobalt Deficiency 
The available methods for the treatment and prevention of cobalt deficiency can be listed 
according to their application method. As most of the cobalt I Vitamin B12 treatment and 
prevention programmes are geared to sheep, the dosage and products available for use in other 
animals should be discussed with a veterinarian. 

Pasture Applications of Cobalt 
Cobalt sulphate topdressing: Using cobalt sulphate topdressing at 350 g/ha appears to be 
a relatively good method of raising pasture cobalt, particularly when applied to pumice 
soils (see Figure 2.9). However this does not appear to be the case with some other soil 
types, where application of cobalt sulphate at levels of 240 g/ha only appears to elevate 
pasture cobalt levels for periods of 6 - 12 weeks. There appears to be a problem with 
cobalt availability to plants in the presence of high manganese content within the soil. The 
same effect has been reported in the presence of high nickel and iron concentrations. 
Cobalt sulphate pasture spraying: Application of cobalt sulphate as a liquid solution has 
proved highly effective at raising plant cobalt levels when applied two to three weeks prior 
to grazing. Rapidly growing pasture appears to take up more cobalt solution because of 
more immediate availability, thus by-passing some of the mineral interactions in the dry 
soil situation. Levels appear to be higher and last for just as long as with topdressing. 
Solutions can be applied prior to periods when it is perceived there will be a need, as is 
usually the case from late spring through till February. 
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Cobalt sulphate prill I chip application: These products achieve the same results as cobalt 
sulphate topdressing, at a much higher cost per area, but with the major advantage being 
the ease of application of the prills. 

Animal Applications: 
Vitamin B 12 injection: Injections of Vitamin B 12 are the treatment of choice for lambs 
suffering from deficiency, because reduced appetite limits the intake of treated pasture or 
other oral sources of cobalt. Injections ofB12 are also used for prevention, being regarded 
as the most practical and cost-effective method of short-term cobalt supplementation for 
finishing lambs. However, it has been of concern that injections of soluble B12 (at a rate of 
0.05 - 0.1 mg Vitamin B12 per kg of liveweight) are only effective for approximately 24 
days. This has led to the introduction of a depot preparation of Vitamin B 12 (long-acting 
B12 "SmartShot") which, when used on ewe lambs, gave elevated serum B12 levels for up 
to 250 days. This product is expensive, but where cobalt deficiency is diagnosed, the use 
could be warranted in ewe-lamb replacements. 
Intra-rumina[ cobalt bullets: Cobalt intra-ruminal bullets have been available in New 
Zealand for some time. Varying results were obtained with earlier versions, with high loss 
rates from the rumen and coating with calcium phosphate being reported. In 1996 a bullet 
with a higher specific gravity was released ("Permaco") and this appears to be more 
successful. Some regurgitation appears to still occur but problems do not seem to be as 
great with the newer devices. The devices appear to maintain both liver and serum B12 

levels for longer periods than the short acting B12 injection. Addition of cobalt to 
slow-release anthelmintic capsules for sheep has been said to increase vitamin B12 serum 
levels for at least 100 days. 
Oral cobalt sulphate solution: The use of cobalt sulphate as a drench has been widely 
used, particularly in association with anthelmintics. The benefit of its use in correcting or 
maintaining cobalt levels has to be questioned however, as it only elevates serum B12 

levels for seven days at the most. It would appear that 7 mg of cobalt/lamb are required at 
weekly intervals to be effective. Research has shown that monthly dosing with 300 
mg/lamb prevented deaths but did not prevent sub-optimal growth rates. 
Other methods: The use of stock licks for the supply of trace elements is widely practised, 
but is not particularly reliable. With the advent of units capable of delivering medication 
directly into the water supply, some farmers have adopted this approach, however the 
practice is more suited to dairy farms. 

2.7.4 Copper Deficiency 
(Note: See also Section 2. 7.1, page B-61) 

2. 7. 4.1 Background about Copper 
Copper deficiency can result in nervous disorders, abnormal bone development in both sheep 
and deer and a reduction in wool quality in sheep (see page B-62). Reproductive performance 
can be adversely affected in both cattle and deer. Scouring can be a problem in cattle. There is 
little evidence that primary copper deficiency is a major cause of poor growth, despite many 
trials that have been conducted throughout the country. 

The levels of other chemical elements in the diet can influence copper absorption. 
The deficiencies can be treated, prevented and controlled by the use of copper injection, 
oral copper, or the addition of copper sulphate to fertiliser. 
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Copper is an essential element for most animal species. It is involved in several enzyme 
systems within the body. Large areas of New Zealand have soils which are either low in 
copper or have other chemical elements which may interfere with the absorption of copper. 

Copper requirements of ruminant animals vary, with the demands for deer and cattle being 
greater than for goats and sheep. Indiscriminate use of copper supplements may result in acute 
toxicities. It is very important that the liver copper status of sheep, in particular, is assessed 
before supplementation is undertaken. 

Even when seemingly adequate levels of copper are present in pasture, signs of deficiency 
can be observed in stock. High levels of iron and zinc can directly interfere with the 
absorption of copper. When molybdenum and sulphur levels are high, an insoluble complex 
can be formed with copper in the rumen and in the body, thus making the copper unavailable 
to the animal. Much of the copper deficiency symptoms seen in New Zealand livestock are as 
a result of high molybdenum. Molybdenum fertilisers used to stimulate clover should only be 
used once every five years. Advice should be sought if pasture analyses show molybdenum 
levels greater than 2 ppm and clinical signs of copper deficiency are apparent. 
Note: For further information on copper deficiency, see "AgFact" No.5- Managing Copper 
Deficiency and "AgFact" No. 33 - Copper Deficiency in Deer (web-site on page B-7). 

2.7.4.2 Clinical Signs and Diagnosis of Copper Deficiency 

Clinical Signs 
A wide variety of clinical signs resulting from copper deficiency have been reported in 
animals in New Zealand. These include loss of wool crimp ("steely wool"), loss of 
pigmentation in the hair of cattle, anaemia, loss of condition, bone disorders, impaired 
reproduction, swayback in lambs, fawns and kids and enzootic ataxia in deer (see page B-62). 
There is very little evidence of poor growth rates in sheep as a result of copper deficiency. 

Swayback - Enzootic Ataxia: This condition can be seen in lambs at birth, or when the 
lambs and kids are a few weeks old. It also occurs in adult deer. The animal shows 
incoordination in the hind limbs with typical swaying of the hindquarters being evident as 
the animal moves. Treatment of this condition is not very effective. It may halt progress of 
the disease but complete recovery is uncommon unless treatment is commenced in the 
very early stages of the disease. 
Bone Fragility - Osteoporosis: Bone fragility of the long bones of young cattle, sheep and 
deer have been reported in New Zealand as a result of copper deficiency. It generally 
occurs when young animals are being handled. It may also be involved in poor velvet 
antler growth in adult stags. 
Reproductive Failure: Reproductive problems, in particular a failure to exhibit oestrous in 
young cattle, have been reported. This may be related to high pasture molybdenum levels 
and it is advisable to seek veterinary advice if this condition is suspected. 

Diagnosis of Deficiency 
Diagnosis of copper deficiency in animals should be as a result of liver analyses and clinical 
observations. Serum (blood) copper and other serum enzyme tests have very little relevance in 
establishing a diagnosis of copper deficiency in sheep, unlike cattle where they are frequently 
used. A diagnosis of copper deficiency should always be made before treatment and 
preventive measures are undertaken. 

Pasture and soil analyses should be used to establish the contribution to the deficiency of 
other elements such as molybdenum and iron. 
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2. 7. 4. 3 Treatment and Prevention of Copper Deficiency 
The available methods for treatment and prevention are listed below. 
Copper Topdressing: Topdressing with copper sulphate or copper oxide at 5 - 10 kg/ha has 
been effective in raising copper levels in pasture for periods of up to six to nine months, when 
the initial levels are below 8 ppm. Where pasture levels are greater than 10 ppm there is no 
benefit in applying copper, as there appears to be little absorption of copper by the plant at 
these levels. Pastures should not be grazed for three weeks after application or until rain has 
washed the copper off the plant material, as cases of copper poisoning have occurred when 
these restrictions were not followed. 
Copper Injection: Injections of copper have been used for some time in animals, and are very 
effective in providing rapid increases in copper levels. However care should be taken to 
estimate bodyweight accurately and calculate dosage carefully, as toxicity has been reported at 
1.5 times the normal dose in copper-deficient sheep, and two times the normal dose in 
copper-deficient goats. The safety margin is very small, and consideration should be given to 
other forms of copper administration if a large deficiency exists in sheep and goats. The safety 
margin is greater in cattle and deer but never the less, care should still be taken and over
dosage avoided. 
Copper Oxide Wire Particles (COWP): COWP are small wire particles contained in a gelatine 
capsule or soluble solid bolus which dissolves in the rumen, allowing release of the COWP 
which move down the digestive tract and subsequently lodge in the folds of the abomasum 
(fourth stomach), where acid slowly releases the copper. COWP are very safe, and increase 
copper liver levels for four to five months after dosing. They should not be used on young 
ruminant animals before the development of the rumen has occurred (deaths have occurred in 
calves when COWP were given at birth). 
Oral Copper Solutions: The use of copper sulphate and copper oxide orally needs to be done 
on a weekly basis to be effective in raising copper levels. This is impractical for sheep. 
Other Methods: The use of stock-licks for the supply of trace elements is widely practiced but 
is not recommended for administration of copper, due to poor intake control and the 
possibility of toxicity. The addition of copper salts, or chelated salts, to the water supply can 
also be a problem, but, with the advent of units capable of delivering medication directly into 
the water supply, some farmers have adopted this approach. The practice is probably more 
suited to dairy farms. 

2.7.5 Iodine (I) Deficiency 
(Note: See also Section 2. 7.1, page B-61) 

2.7.5.1 Background about Iodine 
Iodine deficiency in ruminant animals results in a reduction in the levels of hormones 
produced by the thyroid gland in the neck. These hormones control the metabolic activity of 
the animal. The greatest effects are on the developing foetus (see page B-62). Wool 
production may be affected in adult sheep, and reproductive efficiency may be affected in 
sheep and cattle. Some components of plants may affect the utilisation of iodine. Supplying 
iodine directly to the animals is the only effective method of treatment or control at present. 

The clinical disease in lambs and kids is easily recognised with an enlarged thyroid gland, 
or goitre, in the front part of the throat. Shortage of iodine results in the thyroid gland 
increasing cellular activity, and consequently size, in an attempt to correct the problem. The 
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goitre that develops in the foetal lamb or kid, if large enough, may present problems during 
birth. 

In general, New Zealand ryegrass and white clover pastures contain adequate levels of 
iodine for grazing ruminants but cocksfoot and timothy grasses have low levels. However 
problems do arise due to the presence in many plants, in particular brassica crops, of 
compounds referred to as goitrogens (see page B-64). These block the uptake of iodine by the 
thyroid gland. Problems can be avoided in ewes grazing plant material containing goitrogens, 
by supplementing the ewes pre-lamb with iodine. This iodine readily crosses the placenta and 
prevents the development of goitre in the foetal lamb. There is a lack of information regarding 
iodine requirements and possible deficiencies in grazing ruminants, apart from sheep, in the 
New Zealand situation. 

It has become apparent that plants other than brassicas (in particular some of the newer 
varieties of white clover) may contain significant levels of goitrogens at certain times of the 
year. This could explain some cases of goitre in lambs where brassicas do not appear to be 
involved. 
Note: For further information on iodine deficiency, see "AgFact" No.8- Managing Iodine 
Deficiency (web-site on page B-7). 

2. 7.5.2 Clinical Signs of Iodine Deficiency 
Goitre is the clinical sign which is associated with iodine deficiency. However, it is becoming 
apparent that conception rates, foetal survival and number of lambs born alive can be 
influenced by the iodine status of the ewe. There is growing evidence to suggest that 
subclinical iodine deficiency in young lambs (as a result of a foetal shortage of iodine) may 
adversely affect growth. 

2. 7.5.3 Treatment and Prevention of Deficiency 
Oral Drenching: The dosing of ewes with 280 mg of potassium iodide, four and eight weeks 
prior to lambing, is effective in preventing goitre in lambs when ewes have been grazing 
brassicas and other goitrogenic plants. 
Subcutaneous Injections: The use of intramuscular injections of iodised oil has been very 
effective in giving long-term protection from iodine deficiency in sheep. It appears to give 
about two years protection in sheep (one year in goats). 
Topdressing: Adding potassium iodate to fertiliser is not very effective, as uptake of iodine by 
plants is very inefficient. 

2. 7.6 Manganese (Mn) Deficiency 
(Note: See also Section 2. 7.1, page B-61) 

It is unlikely that manganese deficiency will be a problem in New Zealand, because most New 
Zealand pastures contain more than 50 mg Mn per kg of DM. Normal bone development and 
normal reproductive function are observed when dietary levels are above 25 ppm in feed dry 
matter. 

What is of concern are the high levels of manganese that are present at certain times of the 
year in some New Zealand pastures. Reduced growth rates have been reported in sheep on 
diets containing 400 - 700 ppm Mn in feed dry matter. Pastures with levels over 400 ppm are 
not uncommon. 
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There is a requirement for a much better understanding of the effect that high manganese 
levels in pasture could have on both growth rates and interference with other trace element 
absorption patterns in grazing situations in New Zealand. 

2.7.7 Other Trace Elements 
(Note: See also Section 2. 7.1, page B-61) 

Other elements such as iron, zinc, molybdenum and fluorine are also regarded as being 
essential trace elements, but are seldom implicated as contributing to primary deficiencies 
under pastoral conditions in New Zealand. Cadmium, tin, vanadium and chromium have been 
suggested as essential elements; but to date these have not been investigated in New Zealand. 

2.7.8 Information Sources about Trace Elements 

Information has been adapted from the following sources: 

Fertiliser Recommendations for Pastures and Crops in New Zealand (Cornforth, I.S. and 
Sinclair, A. G., eds.). Second Revised Edition, Ministry of Agriculture and Fisheries 
(1984). 

AgFacts produced by AgResearch (see web-site page B-7). 
Managing Trace Element Deficiencies (Grace*, N.D.). AgResearch publications ( 1994 ). 
The Mineral Requirements ofGrazing Ruminants (Grace*, N.D., ed.). New Zealand Society 

of Animal Production. Occasional Publication No.9 (1983). 

(* The Editor also acknowledges the comments provided by ND. Grace, AgResearch 
Grasslands, Palmerston North). 
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2.8 TEMPERATURE, PULSE AND RESPIRATION 
OF ANIMALS 
(Normal and Expected Range) 

Rectal Temperature Pulse Respiration 
(DC) (Beats per minute) (Breaths I minute) 

Sheep 38.9 (37.2- 40.5) 75 (60- 120) (12 - 20) 

Cattle 38.6 (37.8- 39.3) 70 ( 40- 1 00) 30 (27- 40) 

Deer (red)* 39.5 (39- 40) 55 15 

Goat 39.3 (37.8- 40.5) 90 (70 - 135) (12- 20) 

Pig 39.3 (38.8 - 40.3) (55 - 86) (8 - 18) 

Horse 37.8 (37.2- 38.1) 44 (23 - 70) 12 (11-14) 

Dog 38.9 (36.7- 40.5) (100- 130) 18 (11-38) 

Rectal temperature should always be taken if, for example, symptoms are being noted in order 
to telephone a veterinarian for advice. It is often the single most important piece of 
information. It should be taken in the rectum, with an ordinary clinical thermometer being left 
in a minute and a half, to obtain an accurate reading. The bulb of the thermometer should be 
kept in contact with the rectal wall. 

* Red deer information provided by Peter Wilson, Massey University. 
The figures for deer are subject to rapid increases with handling and stress. 
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2.9 FOOT AND MOUTH DISEASE 
(Source: MAFF) 

Foot and Mouth Disease is a constant threat to New Zealand. A serious outbreak would be an 
unprecedented shock to the whole New Zealand economy. It is estimated that an outbreak on 
100 farms would cost this country $2 000 000 000 over all and would result in up to 100 000 
jobs being lost in immediately affected industries. Our international trade reputation would be 
severely affected and our standard ofliving could drop significantly. 

The most important weapon against such an outbreak is early detection. 
• Check stock regularly. 
• Know the clinical signs. 
• If there are any conc~rns, contact your veterinarian or call the MAFF hotline 

immediately on 0800 809 966. 
• In the meantime, isolate stock that may have been affected and restrict travel on and 

off the farm. 
• Expert help is readily available. You have nothing to lose and everything to gain by 

making that call for information and assistance. 

NEW ZEALAND HAS NEVER HAD AN OUTBREAK OF FOOT AND MOUTH 
DISEASE - MAKE SURE WE KEEP IT THAT WAY. 

Key signs of the disease in our farm animals are: 
Cattle 

• Slobbering and smacking of the lips, with blisters and sores on the tongue. 
• Shivering. 
• Tender feet with blisters and sores. 
• Raised temperatures. 
• Reduced milk yield and sore teats. 

Sheep and Goats (Note that early signs may be very mild) 
• Sudden and severe lameness, with a tendency to lie down. 
• Raised temperature. 
• Blisters on feet and in mouth. 
• Generally off-colour. 
• Early signs can closely resemble Scabby Mouth. 

Deer 
• Signs are generally mild. 
• Raised temperature. 
• Lameness and depression. 
• Blisters in and around mouth and hooves. 
• Offfood. 

Pigs 
• Raised temperature. 
• Sudden lameness with a tendencyto lie down. 
• Squealing when attempting to walk. 
• Blisters on the upper edge of the hoof. 
• Offfood. 
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3.1 

3.1.1 

NEW ZEALAND PASTURES 
- GENERAL INFORMATION 

Introduction 

The information included in Sections 3.1 to 3. 9 is designed to give readers an introduction to 
the features of a number of pasture plants. However, as every farm and district has its own 
unique set of pasture requirements and problems, farmers planning to establish or renovate 
pastures should seek local, independent advice, and be aware that there are a range of options 
amongst the many cultivars that are promoted by commercial seed merchants. Further 
information can also be found in various texts such as "New Zealand Pasture and Crop 
Science" (White and Hodgson, 1999 - available from the Lincoln University Bookshop ); "The 
AgResearch Grasslands Range of Forage and Conservation Plants" (AgResearch Ltd., Private 
Bag 11008, Palmerston North); "Pasture and Forage Plants for New Zealand" (Charlton and 
Stewart, Grassland Research and Practice Series No. 8, 2000); the Proceedings and various 
commercial publications of the New Zealand Grasslands Association (c/- AgResearch 
Grasslands, Private Bag 11008, Palmerston North). 
Note. See also the reference list in Section 3.14, page C-74. 

3.1.2 Role of Perennial Ryegrass 
(and the 'Endophyte Dilemma') 

Ryegrass has played a major role on pastoral farms in New Zealand for decades. It has 
displayed an ability to establish quickly and produce well over a wide range of regions, 
environments and management systems. Other grass species may be more costly and are 
generally more difficult to establish, and in a few cases do not persist unless they are 
carefully managed. 

For dryland I droughty situations however, ryegrass has demonstrated limitations due to 
relatively shallow roots, susceptibility to attack from grass grub and Argentine stem weevil 
(ASW), and relatively poor summer growth and feed quality. 'High endophyte' seed lines 
have provided better persistence under drought conditions, but unfortunately this has often 
been accompanied by an increase in stock health problems (such as ryegrass staggers and 
increased faecal moisture which results in daggy sheep). The use of high endophyte rye grass 
also results in lower clover content in pastures and reduced per head animal performance. 
Stock have a low preference for high endophyte ryegrass, which leads to grass intake being 
reduced and clovers being selectively grazed out. 

3.1.2.1 Information about Ryegrass Endophyte 
The ryegrass endophyte (Neotyphodium lolii) is a fungus that grows between the cells of 
rye grass leaf sheaths, and is also present in the reproductive stems and seeds of infected 
plants. The fungus lives inside the seed or plant and cannot infect adjacent seeds or plants. 
The interaction between the endophyte fungus and host grass results in the production of a 
range of toxins. These toxins are known as alkaloids. The three most important are peramine, 
which gives the plant resistance to ASW and a few other pests, lolitrem B, which causes 
ryegrass staggers (RGS), and ergovaline, which causes heat stress in stock by restricting 
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blood circulation. These animal disorders usually occur in summer I autumn. It is assumed 
that ergo valine also causes increased faecal moisture in animals (causing dags ). It is not clear 
which alkaloid(s) reduce grazing preference for infected grasses. Peramine is found in the 
young leaves of the ryegrass plants, while lolitrem Band ergovaline are found in the base of 
the plant and in old leaves. 

It should also be noted that the different cultivars of rye grass may interact differently with 
various endophyte strains. This results in some combinations of grass and endophyte 
producing more toxins, or a different balance of toxins, and therefore some endophyte
infected cultivars may result in more severe RGS, etc. 

The infection level(%) of a seed-line refers to the number of seeds containing live 
endophyte fungus. A seed-lin« with 50% infection will result in 50% of the seedlings having 
no endophyte protection from ASW. In ASW prone areas the pasture is therefore likely to be 
rapidly dominated by the infected (+E) plants. See Section 3.3.8, page C-16, for the relative 
susceptibility of grasses to ASW attack. 

The other very important aspect of endophyte levels in rye grasses relates to seed sources 
and seed storage. Farmers should decide whether or not they want endophyte and if they do, 
must choose which strain to use (see Section 3.1.2.2). The seed merchants should be able to 
supply appropriate advice, and seed requirements. High levels of endophyte in a seed-line can 
only come from new season's seed, harvested from a ryegrass crop with a high level of 
infection. Low endophyte lines of seed may be harvested from crops with low levels of 
infection, or, may be previously infected seed that is a year or more old after 'normal' 
(uncontrolled temperature and humidity) storage. The endophyte fungus dies out under 
normal room temperature and humidity, whereas seed kept dry in a coolstore will take much 
longer to lose its endophyte fungus infection. An endophyte test made on a line of seed has 
only short-term validity because of the decline in endophyte level over time. It is therefore 
important to know the date of harvest, the time of the endophyte test, and the seed storage 
conditions. Seed merchants should provide an updated test on any seed carried over more 
than 12 months after harvest. 

3.1.2.2 Options for Managing the Endophyte Dilemma 
Basically, there are up to six options for farmers faced with the perennial ryegrass I 
endophyte dilemma (depending on location): 

1. Use rye grass seed that has high 'wild type' (or 'F era!') endophyte infection levels, 
accepting that stock performance will suffer because of reduced pasture intakes and 
physiological disorders, but pastures will be reasonably persistent, with resistance to 
ASW (but not grass grub). 

2. Use a ryegrass cultivar, such as "Grasslands Greenstone", which was the first successful 
"Endosafe" cultivar. It retains the ability to produce peramine (gives ASW protection) but 
has low levels oflolitrem B (the toxin that causes ryegrass staggers). During most of the 
1990s, the only ryegrass cultivar with Endosafe was Grasslands Greenstone, but many 
more alternatives have since been developed. Note that Greenstone is a hybrid ryegrass 
and therefore will not persist as long as a true perennial. 

3. Use ryegrass cultivars where the "ARl" endophyte strain has been introduced. ARl 
endophyte results in high concentrations of perarnine, but no lolitrem B or ergo valine is 
produced in the host grass. The peramine gives good protection from ASW and stock do 
not suffer from RGS, dags (so fly strike is reduced) or heat stress. A disadvantage with 
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ARl seed-lines is their apparent susceptibility topasture pests of the warmer regions, 
such as black beetle. On-going research is investigating this (as at 2002). 

4. In northern North Island areas where black beetle is a threat, ryegrasses with the wild type 
endophyte (with all three alkaloids) is persistent, but stock suffer from RGS, dags and 
heat stress, and production suffers during hot, humid weather. New developments for 
these warmer environments are the selection of endophyte strains which give their host 
grass protection from a wider range of pests. "NEA2" endophyte strain is an example. It 
has good levels of peramine and some ergovaline, which is necessary to repel black 
beetle, but no lolitrem B. So, while ryegrasses with NEA2 endophyte will not cause RGS, 
there is still some risk of heat stress, but the NEA2 grasses are expected to be more 
persistent than AR1 infected ryegrasses. 

5. Use 'zero endophyte' ryegrasses such as "Ruanui" or "Zero Nui" (or seed-lines of any 
cultivar where the endophyte infection has declined to below 20 %), in cool, moist areas 
such as Southland and the West Coast where ASW is not a problem. In warmer areas 
where ASW is a problem, the wasp parasite of ASW (introduced from South America in 
the early 1990s) may be achieving good biological control (Jackson et al, 2002, see 
Section 3.14). High populations of the parasite may allow use of zero endophyte 
ryegrasses. 

6. Use alternative grass species such as cocksfoot, tall fescue, brome grasses, etc. (see 
Sections 3. 3. 3 to 3. 3. 7, pages C-12 to C-16). Some of these are more costly and difficult 
to establish than ryegrass, but most have the potential to show greater persistence than 
rye grass because of resistance to pests, plus other benefits as outlined in Section 3. 3. 3 
onwards. 

Editor's Note: Further information about ryegrasses and endophyte is provided in Section 
3.3.2 (pages C-l 0 to 12) and Appendix 15.2.1 & 2 (pages 0-5 to 0-15). 
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3.2 PASTURE ESTABLISHMENT AND RENEWAL 

3.2.1 Introduction 

A major challenge facing farmers each year is deciding which pastures to renew, when and 
how to renew them, and with what species and cultivars. The options and answers are 
complex, and differ for each farm type and location, but are usually based around the key 
principles outlined below. 

New 'grassing' is often part of the land development process, where 'native' or reverted land 
is brought into pastoral production. Pasture renewal ('regrassing') may be undertaken for a 
range of reasons, such as altering seasonal or total annual production, improving the pasture 
quality by altering the botanical composition (e.g., increasing the legume content), and where 
productivity has been reduced by insect, disease or pugging damage, or where an old pasture 
has simply 'run-out'. 

As a general rule, priority for renewal should be given to paddocks that have the greatest 
production potential that can be realised with the least effort and risk, at the lowest cost. This 
often means that pastures on higher fertility soils on flat or easy-contoured land should be 
developed fully (to achieve their ultimate potential) before pastures on lower producing hill 
country are renewed. The selection of which pastures to renew is an important first step in a 
successful pasture renewal programme. 

A soil test, preferably undertaken six months before sowing, should be used to determine 
which pH and nutrient deficiencies need to be adjusted before regrassing. Low soil fertility is 
often indicated by the lack of legumes and the presence of grass species such as browntop and 
Yorkshire fog. 

3.2.2 Time of Sowing and Compatibility of Seed Mix 

In New Zealand most pastures are autumn sown, usually because this fits in best with farming 
operations, rather than for biological reasons. However, most pasture species, except annual 
clovers (e.g., subterranean clover), benefit from spring sowing. 

When pastures are sown in the late autumn, ryegrass seedlings out-compete the seedlings of 
slower growing species such as white clover, timothy and cocksfoot (see Appendix 15.1, page 
0-3). Therefore, these late autumn sown pastures tend to have poor establishment of the other 
species in the mix, increased weed content, and can rapidly become ryegrass-dominant. For 
successful autumn sowing of slower-establishing species, it is recommended that perennial 
ryegrass sowing rates are restricted to 6 - 8 kg/ha, and that the sowing is done while soil 
temperatures are higher than l6°C. An alternative is to sow in spring when temperatures are 
increasing, and clovers and grasses other than ryegrass have a better chance to establish. Once 
again though, ryegrass sowing rates should be conservative, to get best results from other 
components of the seed mix. Another option may be to spring-sow white and red clover with 
timothy or cocksfoot and direct drill ryegrass in the autumn. 
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3.2.3 Methods of Establishment 

3.2.3.1 Conventional 
Successful establishment is based on rapid emergence of all seedlings. This is best achieved 
when seeds have come into contact with a fine, firm, warm, and moist seed-bed, free of 
weeds, diseases and pests. The comparatively small size of herbage seeds means sowing depth 
is critical and must be no deeper than 10 - 20 mm. The key to this is consolidation before 
sowing, usually with a Cambridge roller. In drier areas, early cultivation followed by a 
summer fallow (1 - 4 months) may retain sufficient moisture to enable early autumn 
(February) sowing. 

In areas with frequent, reliable rainfall, seed can be broadcast onto rolled ground, which is 
then chain-harrowed to cover and protect the seed from birds. 

3.2.3.2 Direct Drilling 
If renewing pasture by direct drilling, total elimination of the existing sward is essential for 
successful establishment. This may be achieved by a single or double spray of non-residual 
herbicides, such as paraquat or glyphosate. For best results from herbicide, the resident 
pasture must be actively growing with full green leaf cover (no bare ground visible). A second 
spray up to two months later, prior to sowing, will control any newly emerged weeds. The 
earlier spray allows time for turf and root decomposition, and helps to retain moisture. 

The lack of cultivation when direct drilling reduces the rate of mineralisation of nutrients in 
the soil. Therefore, the application of up to 20 kg/ha ofN, as urea or DAP, can assist 
establishment, providing that seed and fertiliser are sufficiently separated to avoid seed bum. 

Insect pests (predominantly slugs, grass grub and porina) are more likely to be a problem in 
direct drilled pastures than those established by conventional means following cultivation. 
Extending the time between the first spray and sowing can reduce slug problems by inducing 
migration, but slug baits may still be needed, particularly if conditions are wet (see Section 
5.3.1 0, page E-55). For grass grub and porina protection, use an appropriate seed treatment if 
an average of more than two grubs (or one caterpillar) are found per spade square. Slugs may 
be successfully controlled by mob-stocking of sheep (at 1500/ha) overnight, when slugs are 
feeding. 

Most drill types can be used successfully if soil conditions are moist but uneven 
establishment is likely if excessive speed is used, as this causes variable sowing depths. 
Seeding rates for direct drilling should be similar to conventional cultivation. However, some 
farmers halve this rate and cross drill or 'diamond drill' the paddock, passing over it twice. 
The aim is to reduce seedling competition and aid rapid establishment. A disadvantage can be 
that the second pass ends up burying the first sown seed below optimum depth ( 10 mm). In 
general, cross drilling has shown no significant benefits over a single pass. 

Direct drills may also be used for pasture renovation by over-drilling into existing 
vegetation that is to be retained. Prior to over-drilling, the sward should be suppressed by very 
hard grazing down to a post-grazing pasture mass of approximately 500 kg DM/ha. 

3.2.3.3 Oversowing on Hill Country 
Significant areas of New Zealand hill country cannot be cultivated or drilled so to improve 
pasture production, seed may be broadcast or oversown onto resident vegetation. Successful 
oversowing requires the correct use of the 4 S's- Seed, Superphosphate, Stock and 
Subdivision. 
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White and subterranean clovers are the most common species oversown, with the aim of 
improving pasture quality directly by their presence, and indirectly, by providing fixed 
nitrogen to associated resident grasses. 

Annual maintenance superphosphate applications are essential, otherwise clovers will not 
persist and pastures will revert to low fertility grass species such as browntop. 

Areas to be oversown with clover must also be subdivided to enable paddocks to be 
stocked at 200+ stock units/ha. Subdivision should be designed to separate areas of similar 
aspect, altitude and steepness, in order to minimise stock camping and fertility transfer. 

If any of these controls cannot be achieved, the rationale for oversowing should be 
questioned. 

Having selected an area to be oversown that meets these criteria, it should be block-grazed 
with sheep or cattle at 200+ SU/ha for two to four days on a regular basis prior to seeding. 
Immediately before oversowing, further treading is beneficial (up to 900 ewes per hectare for 
at least four hours), preferably after rain, to open up the existing cover. The overall aim is to 
remove resident vegetation and increase the chance of falling seeds reaching the soil surface 
where they will establish. 

Legume seeds sown should be 'coated' and inoculated with the appropriate rhizobia, 
particularly on land being developed from scrub or 'native' cover. The seed 'coat' includes 
lime, provides some protection for the rhizobia and enhances the ballistics of the individual 
seeds, improving their chances of actually reaching the soil surface and germinating. If 
uncoated inoculated seed is sown mixed with fertiliser, this should be spread immediately 
after inoculation, or the rhizobia bacteria on the seed will not survive. 

Given that establishment rates when oversowing are likely to be less than 10 % (compared 
with 90+% in drilled pastures) 'bare' seed weights sown per hectare should be adjusted 
accordingly (up to twice that sown conventionally), depending on the economics. 

Immediately after oversowing, intensive stocking for a day or two only will assist the 
chances of seed germinating, by trampling it into the soil. 

3.2.4 Management of Newly Sown Pastures 

The management of a new pasture in its first twelve months will have significant, long-term 
effects on the success of its establishment. 

Ifbroadleaf weed (e.g., thistle) control is needed in pastures that contain clover, then 
MCPB or 2,4-DB (but not for red clover) should be used when clovers have a minimum of 
two trifoliate leaves (see Section 5.2.9, page E-13). 

The first grazing should occur after six to eight weeks, as soon as the plants pass the 
'finger-thumb pull test' (i.e., the plants break rather than get uprooted when pulling similar to 
a grazing animal is applied). This grazing should occur within a day and remove about one 
third of the herbage, preferably using high numbers of younger, lighter stock. The removal of 
elongating ryegrass and the clover's top leaves promotes light penetration to the base of the 
sward, which stimulates grass tillering and clover leaf production. 

Subsequent management in the first year should avoid winter pugging damage and 
continue to maintain high stocking rates for short periods to prevent overgrazing and damage 
to clover plants. Do not make hay or silage off first-year paddocks, because this suppresses 
clover production and persistence. 
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Grazing management following oversowing should be similar to that for other new pastures, 
with frequent rotational grazing recommended. Do not set-stock oversown clovers in the first 
spring, or they will be preferentially grazed and lost from the system. It is advantageous to 
allow clovers to flower and reseed in their first season. 
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3.3 PASTURE GRASSES 

3.3.1 Introduction 

Regardless of the sowing method used, the aim of pasture establishment should be to optimise 
growth of all species within a mixture. Successful pastures should achieve the 4 P 's: 

(i) high annual dry matter production 
(ii) species persistence 
(iii) high protein or quality throughout the season 
(iv) high grazing preference or palatability for the grazing animal. 

Traditionally, perennial ryegrass and white clover have been sown but now, new cultivars and 
species add to the complexity of selecting suitable seed mixtures. 

3.3.2 Ryegrasses 

3.3.2.1 Perennial Ryegrasses 
A most important issue is the endophyte status of the ryegrass to be used (see Section 3.1.2, 
page C-3). Perennial ryegrass is the most widely used pasture grass in New Zealand. This is a 
reflection of its ease of establishment and management, adaptability to a range of fertility and 
environmental conditions, and compatibility with white clover and other pasture species. 
Growth starts at an air temperature of 5°C, is at an optimum at l8°C, and ceases at 30°C. This 
means that growth is poor in hot, dry, summers such as those frequently experienced in the 
east of both islands. 

The usual recommended 'bare seed' sowing rate is 15 - 25 kg/ha. This overly high rate 
helps to suppress weeds but also leads to the suppression of other pasture species which are 
almost all slower establishing, particularly in high fertility conditions (see Section 3.2.2, page 
C-6). However, rates as low as 6 kglha have been used successfully to establish multi-species 
pastures. When using low seeding rates, broad-leaf weed control (e.g., MCPB) may be 
necessary, but doing so would restrict the inclusion of chicory in the species mix. 

Deregulation of the New Zealand seed market has seen a plethora of cultivars released 
where previously "Grasslands Ruanui", "Nui" and "Ellet" dominated the market. Examples of 
ryegrass cultivars are listed over page, but the list is not complete and the continued 
proliferation of cultivars makes it difficult to keep such lists up-to-date. 

In addition to endophyte status, the selection of a perennial rye grass cultivar should be 
based on flowering time. In general, spring production is earlier for earlier flowering cultivars 
but so is seed-head emergence, which signals the commencement of a decline in pasture 
quality. 

Rye grass cultivars also vary according to the chromosome number. This is naturally 
'diploid' (14 chromosomes) for perennial and annual ryegrasses. By doubling this to produce 
'tetraploids', plant breeders have created larger plants with bigger cells (and larger seeds) that 
have a lower dry matter content. Tetraploid ryegrasses may require specific management, high 
fertility and low moisture stress to express any production advantage. Their lower tiller 
number and higher crown increase the risk of over-grazing that can lead to reduced 
persistence. Tetraploids tend to have greater digestibility and voluntary intake by stock. 
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Perennial Ryegrass Cultivars 
(Editor's note: For more information about cultivars see Appendix 15. 3.1, page 0-5). 

Very early flowering diploid. 
Meridian 

Early flowering diploids: 
Aries HD, Banks, Bronsyn, Cannon, Ceres Kingston, Ceres Marathon, Dobson, Ellet, Embassy, 
Grasslands Nui, Grasslands Super Nui, Grasslands Zero Nui, Grasslands Pacific, Grasslands Ruanui, 
Grasslands Samson, Matrix, Vedette, Yatsyn 1 

Late flowering diploid: 
Tolosa 

Early flowering tetraploid: 
Nevis 

Late flowering tetraploids: 
Quartet, Sterling 

3.3.2.2 Italian Ryegrasses 
Italian rye grasses are annuals, with erect growth form, large leaves and few tillers, that are 
sown in autumn to produce high quality, cool-season feed. They may be direct drilled, or sown 
into high fertility, cultivated seedbeds, at 20 - 25 kg/ha for diploids and up to 30 kg/ha for the 
larger seeded tetraploids. Some of these may persist for two to three years under ideal 
conditions. The 'Westerwold' types are true annuals that do not persist for more than a year 
without reseeding. 

Italian ryegrasses are susceptible to grass grub, porina and ASW, so delaying sowing until 
after ASW egg laying is recommended. 

Italian Ryegrass Type Cultivars 
(Editor's note: For more information about cultivars see Appendix 15.2.2, page 0-11 ). 

Diploids.· 

Ceres Crusader, Concord, Cordura, Dargle, Exalta, Flanker, Marbel/asud, Prime, Tabu 
Tetraploids: 

Grasslands Moata, Feast II 

Annual Italian Ryegrass Type Cultivars (Westerwolds) 
Diploid· 

Ceres Progrow 
Tetraploids: 

Grassland Tame, Andy, Archie, Gromore, Gromore plus 

3.3.2.3 Hybrid Ryegrasses 
Hybrid ryegrasses are bred from perennial and Italian ryegrasses. The distinction between 
hybrids and perennials is not always clear and is dependent on the level of perennial rye grass 
in the hybrid. 

'Long Rotation' Hybrid Ryegrasses 
These contain a greater proportion of perennial rye grass and consequently have greater 
persistence than short rotation hybrids (see over page), but their winter production is lower. 
Most cultivars can contain endophyte. 
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They are often used as the sole ryegrass component of a pasture mix and are usually sown at 
similar rates to perennial ryegrass, or at 30% higher if tetraploid. Persistence is normally 
3-5 years, but can be shorter in dry conditions, and longer in moist, pest-free environments. 

Perennial-type Hybrid Ryegrass Cuttivars ('Long-rotation' hybrids) 
(Editor's note: For more information about cultivars see Appendix 15.2.1, page 0-5). 

Early flowering diploids: 
Grasslands Marsden, Grasslands Supreme Plus 

Mid-season diploids: 
Grasslands Impact 

Early flowering tetraploids: 
Ceres Horizon, Grasslands Greenstone 

Mid-season tetraploid: 
Banquet 

'Short Rotation' Hybrid Ryegrasses 
These have a higher proportion ofltalian ryegrass in their genetic make-up and consequently, 
higher winter production than 'long rotation' and perennial ryegrasses. They can be sown 
alone into cultivated seed-beds at 15 - 20 kg/ha (or at up to 25 kglha for larger seeded 
tetraploids). 

These cultivars typically yield 70 - 90 % ofltalian ryegrasses and persist for two to three 
years, but are susceptible to dying out in dry summers, leaving the pasture susceptible to Poa 
annua and barley grass invasion. 

In most cases, short-rotation hybrids are endophyte free and susceptible to ASW attack. 
Thus, the common practice of over-drilling hybrids into permanent pasture at 4 - 8 kg/ha, to 
improve winter and early spring production, can subsequently lead to increased weevil 
damage of the resident perennial rye grass. 

The inclusion of short rotation rye grasses in permanent pasture mixes adds to the rye grass 
competition challenge on the slower establishing species such as white clover. This 
competition can be very strong, because the hybrid 'Italian' types have larger seed than 
perennial ryegrass so establish faster (than perennial ryegrass) and provide 'early' feed. Their 
negative feature of suppressing the slower establishing species compounds when they finally 
die out, leaving the residual pasture open to the invasion of annual grasses and other 
undesirable species. 

Italian-type Hybrid Ryegrass Cultivars ('Short-rotation' hybrids) 
(Editor's note: For more information about cultivars see Appendix 15.2.2, page 0-11). 

Diploids: 
Ceres Geyser, Grasslands Manawa, Maverick Gold 

Tetraploid: 
Ceres Galaxy 

3.3.3 Cocksfoot 

Cocksfoot is a bluish-green perennial grass with extremely flattened tillers. It is commonly 
sown in a pasture mix on moderate fertility soils, on dry land hills or flats. In summer-dry 
environments it is the most persistent perennial grass available. 
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Cultivar differences are related to tiller density and size, with the more prostrate, dense types 
(e.g., "Grasslands Wana") suitable for set-stocking with sheep and hard rotational grazing. 
The more erect, traditional types (e.g., "Grasslands Kara") are suitable for rotational grazing 
on lowland pastures, particularly by cattle. 

Established cocksfoot is tolerant of grass grub and ASW but slow growth in winter can 
increase susceptibility to infection by foliar fungal diseases, particularly in older cultivars. 
Cocksfoot is endophyte free but forage quality and palatability can be low if pastures are 
allowed to become cocksfoot dominant or produce excessive seed heads. Cocksfoot is 
drought-tolerant because its root mass is very competitive for soil moisture, and it out
competes many other species, including white clover. Cocksfoot pastures can therefore 
become very nitrogen deficient due to the absence of clover. This reduces palatability and 
production but can be improved by applying nitrogen fertiliser, usually at rates higher than 
those used for perennial ryegrass. 

Cocksfoot should be sown in late spring or early autumn. A sowing rate of 1 - 2 kg/ha is 
appropriate in a mixture, provided the rye grass rate is low (8 - 10 kg/ha). On less fertile and 
drier sites, use the denser type cultivars at 2 - 4 kg/ha, or up to 8 kg/ha if aerial oversowing. 

Cocksfoot is relatively slow to establish (see Section 3.2.2). In mixtures with ryegrass, it 
may take several years to become a major component of the sward. 

To avoid cocksfoot becoming dominant, good grazing management is required with 
judicious hard grazing at times to encourage other species to persist. Suitable companion 
species include subterranean, white, Caucasian and red clovers, tall fescue, phalaris and 
rye grass. 

Cocks foot Cultivars 
(Editor's note: For more information about cultivars see Appendix 15.2. 3, page 0-16). 

Traditional types. (mid-season flowering) 
Grasslands Kara, Grasslands Vision, Saborto 

Dense types: 
Grasslands Tekapo (early-flowering), Grasslands Wana (mid-season flowering) 

Very fine-leaved type: 
Ella (mid-season flowering) 

3.3.4 Tall Fescue 
(See also Sections 3. 6 to 3. 9) 

Tall fescue produces deep roots and a significantly larger root mass than perennial ryegrass, so 
is therefore more drought-tolerant. It has a similar dark-green colour to ryegrass, with coarse, 
hairless leaves. It is suited to high fertility soils, and can cope with heavier soils than ryegrass. 
It can also withstand acid, alkaline and water-logged soils. 

Tall fescue should be used as a specialist summer pasture that withstands more extreme 
conditions than perennial ryegrass and is faster to recover after drought. It is usually sown as 
the sole grass (with legumes) at 15-20 kg/ha, preferably in spring or early autumn (when soil 
temperature is above 1 0°C). It is slow to establish and slow root growth makes the young 
plants susceptible to 'pulling' in their first year, therefore light, quick grazing is 
recommended. The mature plant is resistant to grass grub and ASW, but insecticide and 
fungicide may be required at establishment. Tall fescue requires frequent rotational grazing 
with spring management aimed at minimising seed-head production to encourage tillering. 
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Tall fescue should not be set-stocked for long periods because grazing below 30- 40 mm 
reduces its tillering capacity. It should not be sown with ryegrass, but red, Caucasian and 
white clovers, cocksfoot and phalaris are suitable companion species. 

Tall fescue cultivars vary in flowering time and tiller density. Traditional types are larger 
and have more broad leaves than perennial ryegrass, while some fine-leaved, dense types can 
withstand closer grazing. 

Note: It is not advisable to graze roadside herbage containing tall fescue because it frequently 
contains a wild-type endophyte that produces ergovaline. This is responsible for heat stress 
and complaints such as 'fescue foot' (see Section 2.5). However, tall fescues with non-toxic 
endophyte strains are currently being tested (2003) and these may be more persistent and 
productive. 

Tall Fescue Cu/tivars 
(Editor's note: For more information about cultivars see Appendix 15.2.4, page 0-17). 

Very early-flowering, broad-leaved types: 
Dovey, Grasslands Flecha, Quantum 

Early flowering, broad-leaved types: 
Grasslands Advance, Lunibefle, Vulcan 

Mid-season flowering, fine-leaved type: 
Ceres Torpedo 

3.3.5 Brome Grasses 
(Editor's note: For more information about Brome grasses, see Sections 3. 6 to 

3.9, and Appendix 15.2.5, page 0-18). 

3.3.5.1 Prairie Grass 
Prairie grass is an erect, large-tillered, short-lived perennial grass that is suited to well drained, 
high fertility soils with a pH greater than 5.5. It is a winter-active species that grows high 
quality herbage when ryegrass and white clover are producing little, and this winter growth is 
best utilised in early spring. Prairie grass produces seed-heads from October to February but 
these are palatable and suitable for conserving as hay or silage. Self-sown seedlings in an 
established stand do not usually survive their first grazing. 

Establishment in spring or early autumn is preferable at 20- 30 kg/ha if drilled, and up to 
40 kg/ha when broadcast. The large pointed seed can 'bridge' in the seed box so it is advisable 
to use de-awned seed. Seed should be treated with fungicide to prevent seed-borne infection 
of seedlings by head smut. Suitable companion species include rye grass, and red and white 
clover to supply nitrogen. 

Prairie grass does not survive water-logging, and the large soft leaves mean it is 
susceptible to pugging, particularly in wet or frosty conditions. Therefore, winter grazing 
should be kept to a minimum, allowing the accumulated herbage to be used in early spring. 

Nitrogen fertiliser can be applied in late winter, when clover fixation ofN is minimal. 
Prairie grass is suitable for sheep and cattle but must be rotationally grazed, ideally for 

three to seven days, on a three to six week rotation. It normally does not persist more than four 
to five years. 

Prairie Grass Cultivars: Grasslands Matua, Ceres Atom 
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3.3.5.2 Grazing Brome 
Grazing brome is closely related to prairie grass but has less winter activity. It is finer-leaved 
and more densely tillered, and consequently suited to closer grazing and persists under set
stocking. It is suited to free-draining, moderately fertile soils in the eastern areas of New 
Zealand. Like prairie grass, it shows good drought tolerance and should be sown with red or 
white clover to maintain nitrogen levels. Suitable companion grasses include phalaris and tall 
fescue. 

Establishment should be in spring or early autumn, at 20- 30 kg/ha of de-awned seed. 

Grazing Brome Cultivar: Grasslands Gala 

3.3.5.3 Pasture Brome 
Pasture brome is a medium-tillered species with greater persistence than prairie grass. It 
provides strong spring I summer growth but less winter growth than prairie grass. Like all 
brome species, it should be sown on fertile, free-draining soils and does not tolerate 
water-logging or pugging. 

Establishment should be in spring or early autumn, at 20- 30 kg/ha of de-awned seed. 

Pasture Brome Cultivar: Bareno 

3.3.5.4 Upland Brome 
Upland brome is a short-lived perennial that has stronger summer growth, but less winter 
growth, than prairie grass. It is suited to moderately fertile soils that are well drained, in flat to 
rolling upland areas with cold winters and warm summers. 

Establish at 20- 30 kg/ha of fungicide treated, de-awned seed in spring. 

Upland Brome Cultivar: Grasslands Hakari 

3.3.5.5 Smooth Brome 
This rhizomatous, broad-leaved brome is erect growing with few tillers. It develops a thick 
persistent pasture and tolerates severe grazing. It is best suited to high country regions, of low 
to moderate fertility, that experience cold winters and hot summers. 

Establish at 15 - 20 kg/ha of fungicide treated, de-awned seed sown in spring. 

Smooth Brome Cultivar: Grasslands Tiki 

3.3.6 Phalaris 
(See also Sections 3. 6 to 3. 9) 

Phalaris is a large-tillered, blue-green perennial grass with a Mediterranean origin. This means 
it has excellent winter and spring production, but it becomes vegetatively dormant in drought 
conditions. It is a rhizomatous grass that requires soils of moderate to high fertility and is well 
adapted to wet winters and dry summers. 

Phalaris withstands hard grazing and treading, and once established, has excellent 
resistance to grass grub and other pasture pests. It can withstand severe drought, and although 
autumn recovery is slower than for tall fescue, it will continue growing for longer into the cool 
season. Nitrogen in autumn and spring will boost production, but high levels can cause animal 
health problems. Under irrigation, production will continue through summer and autumn. 
Always establish in a pasture mix with tall fescue, perennial ryegrass, cocksfoot, or brome 
species. Sow at 1 - 2 kg/ha with suitable clovers (subterranean, red, white, Caucasian) when 
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soil temperatures are above l2°C. Pure or phalaris dominant pastures are not recommended 
because they may cause irreversible staggers and nitrate poisoning, as a result of grazing fresh 
autumn I early winter growth. 

Pha/aris Cultivars: Grasslands Maru, Ceres Persister 
(Editor's note: For more information about cultivars see Appendix 15.2. 6, page 0-20). 

3.3.7 Timothy 
(See also Sections 3. 6 to 3. 9) 

Timothy is a very nutritious perennial grass with high grazing preference. It is suited to 
'heavy', highly fertile soils in cooler, summer-moist areas such as Southland, and in irrigated 
pastures. The major advantage is that it is late flowering, compared with perennial ryegrasses. 
This makes it ideal for high quality summer feed and conserving with red clover for high 
quality hay. Timothy is highly palatable so is often preferentially grazed by sheep and cattle, 
diminishing its persistence. It is suited to lax grazing for high per head animal production. 
It has a very small seed and hence, is slow to establish. Ideally it should be sown at 2 - 4 kg/ha 
with red and white clover in spring. Perennial ryegrass can be over-drilled at a later stage, if 
the timothy gets eaten out. 

Timothy Cultivars: Grasslands Kahu, Grasslands Charlton, Ceres Viking 
(Editor's note: For more information about cultivars see Appendix 15.2. 7, page 0-21). 

3.3.8 Susceptibility of Grass Varieties to Argentine Stem 
Weevil Attack 

Susceptibility Susceptibility of Young Plants Susceptibility of Mature 
to Attack (first 12 months) Plants (older than 12 months) 

Very High Short Rotation ryegrasses. Short Rotation ryegrasses. 

High Low and zero endophyte lines Low and zero endophyte 
of perennial rye grasses. lines of perennial rye grasses. 

Cocksfoot. 
I Timothy. 

Medium Prairie grass. Timothy. 
Tall fescue. Cocksfoot. 
Phalaris. 

Low High endophyte lines of High endophyte lines of 
perennial ryegrasses. perennial ryegrasses. 

Prairie grass. 
Tall fescue. 
Phalaris. 
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3.4 PASTURE LEGUMES 

3.4.1 Introduction 

Pasture legumes are the key to the success of the New Zealand pastoral industry. We rely on 
legumes for the biological fixation of nitrogen gas from the air to increase the supply of 
nitrates in the soil for grass growth. In addition, most pasture legumes are more nutritious than 
grasses, and pastures with a high proportion of legume will therefore enhance animal 
performance. 

Given that legumes are so important, many basic pasture management principles and practices 
are related to the encouragement of legumes. In general, grazing ruminants will attempt to 
select a diet that is 60- 70% legume and 30- 40% grass. Per head performance is maximised 
when animals are able to consume this diet. However, it is very unusual to be able to achieve 
such high legume content in mature, conventional grass I clover pastures. Pure stands of 
legume forages such as lucerne or sulla are the exception. High clover content may be 
expected in young pastures where the nitrogen (N) soil fertility is low after a cropping phase 
or on recently developed land. Legumes, with their N fixing ability, then have a competitive 
advantage over N deficient grasses. As soil fertility builds up, grasses become stronger and 
clover content decreases. 

3.4.2 legumes and Nitrogen 

While the general philosophy of relying on legumes to fix nitrogen for pasture production is 
still dominant in most New Zealand pastoral production systems, there is dissatisfaction with 
pasture production rates in intensive systems such as dairying. Most grass I clover pastures are 
chronically nitrogen deficient, in spite of theN fixed by clovers, and dry matter (DM) yield 
responses to nitrogen fertilisers can normally be achieved. The economics of such responses 
will vary with product prices and the ability of managers to ensure the extra grass production 
is utilised profitably by animals that will generate the highest financial return. 

Nitrogen fixation rates depend on clover production rate, which is influenced by: 
Seasonal variations in soil moisture and temperature. 
Rhizobium type that is resident in the root nodules. 
Soil pH. 
Supply of nutrients (P, S, K, Ca, Mg) and trace elements (Mo, Zn, Cu, Co, Mn, Fe, B). 
Availability of mineral N. 
Grass vigour. 
Grazing management. 

In spite ofthe excellent survival of rhizobia bacteria in the soil it is still desirable to inoculate 
white and red clover seed with peat inoculant containing R. trifolii, shortly before sowing. 
These inoculants contain the most efficient strains ofrhizobia, specially selected for clover. 
The inoculant is relatively cheap, and its use can be regarded as an insurance to ensure 
successful early nodulation of the young seedlings. Unless land is being developed from 
forest, shrub or tussock, it is not vital to inoculate white clover seed, but it is good 
management practice to do so. White clover inoculant is used both on white and red clover 
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seed, but there is a specific rhizobium inoculant for subterranean (sub.) clover. Species where 
the specific rhizobium requirements must be met for all sowings are Caucasian clover, lotus 
(L. corniculatus) and lucerne. These species will fail to establish if their specific 'bugs' are 
not present in large numbers on each seed. 

Because peat inoculants contain live rhizobium bacteria, they must be transported and 
stored with care, and kept out of direct sunlight to avoid UV rays, drying out and high 
temperatures. Refrigerated storage at under 4°C is essential for both peat inoculants and 
inoculated seed. If pre-inoculated pelleted seed is bought from seed merchants, either sow it 
immediately or store it in a coolstore. Do not leave it in the wool shed! It is necessary to know 
when the pelleted product was prepared, and how long it may have been stored at ambient 
temperature in the merchant's store. Some inoculated and coated seed may be held for up to 
six weeks prior to sowing, if stored under the correct conditions. 

Another issue for farmers, with regard toN, involves the proposed restrictions on rates of 
nitrogenous inputs, imposed by regional Councils for environmental reasons. Limits on the 
rates ofN fertilisers applied per hectare per year, and on effluent disposal, may result in less 
intensive land uses. Reliance on legumes may therefore become more important in future. 

3.4.3 Establishing and Maintaining Legumes 
(See also Section 3.2) 

Strategies to establish, maintain or increase legume content in pastures are as follows: 

• Sow pastures when it is warm, to avoid cold-tolerant ryegrasses smothering legume 
seedlings. 

• A void sowing legume seed deeper than 10 mm. 
• A void initial grass-dominance by reducing grass seeding rates, and use the money 

saved on rye grass seed to apply herbicide before first grazing. 
Note: Seedling density is relative to individual seed weight, if all seeds sown 
germinate and establish. Consider the implications of the following seeding rates: 

20 kg rye grass = 1 000 vigorous and large seedlings per square metre 
2 kg white clover = 320 small seedlings/m 2 

2 kg diploid red clover = 105 medium seedlings/m2 

2 kg sub. clover = 30 medium seedlings/m2 

• Graze as soon as seedlings pass the 'finger and thumb pull test' (see Section 3.2.4) to 
allow light into the base of the sward where the shorter clover seedlings are struggling. 

• Ensure all nutrient deficiencies are identified and corrected, and maintain soil pH 
above 5.5 if clovers are the main legumes. 

• Avoid applying nitrogen fertiliser during the main perennial clover (white, red, 
Caucasian) growth periods from mid-spring to early autumn. 

• A void making hay or silage from young pastures. 
• Irrigate if possible during dry summers to encourage perennial legumes during their 

season of maximum production. 
• Set-stock pastures in spring where white clover is the main legume, to encourage 

stolon development. 
• Where sub. clover is the main legume, graze hard in summer before the first 

significant late summer I autumn rain, to give germinating sub. clover seedlings an 
open, short sward to establish in. 
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• When introducing 'new' clover cultivars, a full cultivation process will result in a 
more successful establishment than oversowing, over-drilling or direct-drilling after 
spraying an existing pasture. This is because surviving stolons of resident white clover 
plants and germinating 'hard' seed (in the soil) of older white and sub. clover cultivars 
will usually dominate. 

• Consider using less aggressive grasses than ryegrass for finishing pastures (e.g., 
timothy). If the timothy gets eaten out after a few years, over-drill with ryegrass to 
create a 'general purpose' pasture. 

3.4.4 White Clover 

3.4.4.1 Introduction 
White clover is the most important pasture legume in New Zealand and is present in most 
pastures and grazed rangeland. It is best adapted to fertile soils in areas with warm, moist 
summers, or where irrigation is available. It is not very productive in winter (it stops growing 
when the temperature is less than 8°C) and summer droughts limit its period of maximum 
potential production. In areas with less than 700 mm of rain annually, and summers where 
evapotranspiration normally exceeds rainfall for more than three months, other legumes 
should be used instead of, or in addition to, white clover. Alternatives in dry areas are deep
rooted perennial legumes such as lucerne, or winter-active annuals such as sub. clover. 

3.4. 4.2 
Persistence 

Advantages of White Clover 

White clover has a tap-root, which seldom survives more than two years. After that it has a 
small, shallow root system that develops from stolon nodes. It is therefore susceptible to 
drought, grass grub attack and competition from grasses. To overcome stress associated with 
its weak root system, white clover maintains its population by both vegetative (stolons) and 
sexual (seeds) reproduction. Stolons detached from the parent plant (e.g., by grazing or 
treading damage) grow new plants that are maintained by nodal roots. 'Hard' seed in the soil 
also contributes to population renewal as a few of these seeds will 'soften' and germinate each 
season. 
Grazing Tolerance 
Because white clover stolons (stems) are normally below grazing height, only leaves are eaten 
and regrowth points (stolon nodes) are not removed. Since leaves, flowers and new branch 
stolons grow from stolon node buds, white clover is very well adapted to close and frequent 
grazing. This contrasts with more erect legumes such as lucerne and red clover, which must be 
rotationally grazed. 

Frequent defoliation that occurs under set-stocking or very short grazing rotations, results 
in short pasture with a high proportion of sunlight reaching the base of the sward. This 
encourages stolon branching, increases stolon nodes and hence, increases leaf production. 
However, if grazing intensity is extreme, leaf size becomes very small. 
Feeding Value 
(See also Section 1.8, page A-147) 
The feeding value of white clover herbage is superior to most other pasture species. Feeding 
value refers to nutritive value (digestible energy and protein content) and also includes the 
ability of animals to achieve high or low rates of pasture intake. Intake rates (bite size, etc.) 
are influenced by pasture height and density. Because white clover gives very large responses 
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per unit of feed DM (nutritive value), and animals can also achieve very high rates of white 
clover intake, animals fed white dover achieve high liveweight gain and milk yield. 

Compared with perennial ryegrass, white clover has higher concentrations of crude protein 
and easily fermentable carbohydrates, but lower concentrations of lignin, cellulose and fibre. 
Nitrogen Fixation 
It has been ·estimated that the white clover in the 13 million hectares of grassland in New 
Zealand 'fixes' about 1.5 million tonnes of nitrogen per year. This is worth about $1.5 billion 
in urea fertiliser equivalents each year. 

A pure stand of white clover may fix up to 700 kg N/ha/yr under ideal growing conditions. 
In grazed, grass I clover pastures, measured N fixation rates range from nearly zero to a 
maximum of 400 kg N/ha/yr. This rate is less than a pure stand because of grass competition 
for soil water, light and nutrients, such as phosphorus (P) and sulphur (S). Nitrogen in fertile 
soils will also reduce the rate ofN fixation because the clover plant takes up some soil 
nitrogen rather than actively fixing atmospheric nitrogen gas (N2) through its root nodules. 

The strains of R. trifolii bacteria that form nitrogen-fixing nodules on white clover roots 
are widespread throughout most land in New Zealand that has been developed for pastoralism. 
Rhizobia that are compatible with white clover appear to be able to survive as free-living 
bacteria in the soil for long periods of time, without contact with white clover roots. This 
survival of rhizobia is important in relation to the recovery of white clover in 'run-out' 
pastures if fertiliser applications have been deferred or are sporadic. 
Seasonal Production (See also Section 3. 7) 
White clover has an higher optimum temperature for growth than perennial ryegrass. It is less 
winter-active than most grasses and has a flush of production in summer. The decline in 
nutritive value of grasses in summer, due to an accumulation of dead material and 
reproductive stem, may therefore be compensated for by the increased amount of white clover 
in pastures. A flush of white clover will, of course, only be seen ift)fere is adequate summer 
rain or if pastures are irrigated. 
Establishes Relatively Easily (See also Section 3.2.2) 
White clover has a small seed and its young seedlings are therefore also small. Young 
seedlings are vulnerable, due to competition for light from fast-growing ryegrass and other 
seedlings. However, once they have four trifoliate leaves, clover stolons develop and the rate 
of leaf production then increases exponentially with the extra stolon growing points. Under 
moist, warm conditions, young white clover plants are able to compete for light by stolon 
invasion of bare ground and rapid leaf production, so long as early grazings of taller young 
grass plants are timely. 
Seed Production 
The technology for obtaining profitable yields of white clover seed is well understood by 
specialist seed producers, and the retail price of seed is normally relatively inexpensive. 
However, production costs of some of the new cultivars are higher (compared to the old, 
general purpose "Huia" seed) and require the payment of Plant Breeders' Rights, so they are 
relatively more expensive. 

3.4.4.3 White Clover Cultivars 
The number of white clover cultivars on the market in New Zealand has increased rapidly in 
recent years. They include the "Grasslands" cultivars named Huia, Tahora, Kopu I and Kopu II, 
Sustain, Challenge, Demand and Prestige, plus Aran, Prop, and Will Ladino, but this list is incomplete 
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and new cultivars are being released each year as older cultivars are superseded. Some of the 
current cultivars are described below. 
(Editor's note: Additional information about cultivars is located in Appendix 15. 3.1, page 
0-23). 

Grasslands Huia: White clover breeding began in the 1920s and the improved genotypes were 
combined in 1964. Selection was made under grazing, with yield and persistence being the 
main aims. Medium leaf size; still the standard general-purpose white clover used. Its seed is 
traded in large quantities internationally. 
Grasslands Tahora: Selected for persistence under set-stocking with sheep on moist, North Island 
hill country; released in 1982. Has small leaves and high stolon growing-point density. 
Grasslands Kopu: Selected for stem nematode resistance & yield on dairy farms; released in 
1986; has large leaves & low stolon growing-point density. Best suited to rotational grazing. 
Grasslands Aran: Bred in Ireland, has a larger leaf than Kopu. Has good summer production in 
rotationally grazed dairy pastures; unlikely to persist in sheep pastures. 

These earlier cultivars (Huia, Tahora, Kopu and Aran) have a very strong relationship between leaf 
size and 'stolon growing-point density' per unit area. The small-leaf cultivars have greater 
growing-point densities, and the large-leaf cultivars have low densities. 

More recent cultivars (released during the 1990s) are all a result of plant breeders 
successfully rising above the very strong growing-point density I leaf size relationship. 
Breeders have succeeded in developing cultivars with higher growing-point densities than 
earlier cultivars with comparable (larger) leaf sizes. As an example, Grasslands Demand white 
clover is classed as a medium leaf size cultivar (similar to Huia) but it has almost double the 
growing-point density of Huia. These breeding achievements should mean that the newer 
cultivars are more productive and flexible in their management requirements. 

The growing-point density I leaf size relationship gives a good indication of how different 
cultivars may be grazed. In general, cultivars with small leaves and high growing-point 
densities can be set-stocked or rotationally grazed. On the other hand, cultivars with large 
leaves may be higher yielding under rotational grazing, but their lower growing-point density 
will result in poor survival under set-stocking. One of the reasons for the higher yields of 
large-leaf cultivars (e.g., Aran and Kopu) under rotational grazing is that their leaf petioles 
(stems) may also be longer, so they can compete with fast-growing grasses and do not get 
shaded out so much. 
Note: Comparisons of cultivar leaf sizes and growing-point densities are done on adjacent 
plants, which are grown under the same environmental conditions and management. A small 
leaf size in a set-stocked pasture is not necessarily a small-leaf cultivar. Equally, under ideal 
growing conditions, with rotational grazing using four-week spells, a small-leaf cultivar such 
as Tahora can produce quite large leaves with long petioles. 

Some cultivars have a range of advantages relating to pest and disease tolerance, and 
seasonal productivity. Current recommendations suggest that in general, Challenge, Kopu and 
Sustain have good autumn/winter production, while Demand and Aran have good summer 
production. Prestige is the most disease-tolerant, with Sustain, Challenge and Kopu having stem 
nematode resistance. 

Grasslands Kopu II is the first large-leaved white clover with a high stolon density relative to 
its leaf size (Woodfield et al, 2001, see Section 3.14). It had improved persistence in both 
dairy and rotationally grazed sheep pastures in trials done in Waikato and Manawatu in the 
late 1990s. Crusader is a new, medium-leaved cultivar that performed well under sheep grazing 
in the Manawatu trials. Both these new (2003) cultivars have done well in 
northern-hemisphere tests and should be competitive on international markets. 
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3.4.4.4 Limitations of White Clover 
High Fertility and Moisture Requirements 
White clover does not compete well with grasses for nutrients or water. Grasses have a dense, 
fine root system, which has a much larger surface area than the relatively shallow, small root 
mass of white clover. This means that when nutrients such asP, S, and K are deficient in the 
soil, grasses are much more successful in absorbing available nutrients, which leaves white 
clover deficient. If white clover is deficient in an essential nutrient such as phosphorus, it will 
not fix very much nitrogen and the associated grass in the pasture will become nitrogen 
deficient, and total pasture production will decline. 

Grasses such as browntop are particularly aggressive competitors for soil nutrients and 
water. If the soil is dry, nutrients are less available and the fine roots of grasses become even 
more competitive. Because browntop is the most common grass in New Zealand pastures -
especially on hill country, and because most New Zealand soils are P and S deficient, farmers 
have to regularly apply superphosphate to their pastures in an effort to satisfy the P and S 
requirement of their clovers. It has been shown that the P application rate for high productivity 
and N fixation, by pure white clover, is about half the rate needed to get high clover yields in 
the presence ofbrowntop. When farmers cannot afford to apply maintenance fertiliser, the 
feeding value of pastures decline because of the lack oflegumes and the low gr(!Zing 
preference of livestock for N deficient, slow growing grasses. 

Where soils are acidic (pH under 5.4), white clover production may be reduced because of 
aluminium and I or manganese toxicity. White clover rhizobia are less tolerant of acid soils, 
reduced availability of some nutrients (e.g., P), reduced soil microbiological activity and fewer 
earthworms. On acid soils, lime is essential if vigorous white clover is to be maintained. 
Unfortunately lime is expensive to apply to hill country. 

In general, the real cost of theN fixed and the high nutritive value of white clover herbage 
is mainly the cost of feeding the legume with mineral nutrients (such as P and S) and 
amending the soil pH. 
Drought Susceptibility 
White clover is very sensitive to soil water deficits. The shallow roots of white clover put it at 
a disadvantage when compared with legumes with deep tap-roots, such as red clover, 
Caucasian clover and particularly lucerne. Competition for moisture, from grasses with a 
large, fibrous root mass in the top 150 mm of soil (e.g., browntop and cocksfoot) can result in 
white clover being eliminated from such grass dominant pastures in summer-dry conditions. 

If irrigation is available in areas that experience water deficits during the warmer growing 
season, then the cost of this irrigation adds to the real cost of white clover N fixation and 
forage production. 
Lax Grazing Tolerance 
White clover will not tolerate infrequent or lax grazing in a mixed sward, as it cannot compete 
for light in the company of taller legumes (e.g., red clover) and grasses (e.g., cocksfoot, tall 
fescue or prairie grass). Perennial ryegrass is medium height, and while it can easily smother 
white clover under lax grazing, it tends to be more compatible with white clover than the taller 
grasses. 
Selective Grazing 
Livestock generally prefer to graze clovers rather than grass and when allowed free choice, 
will select a diet that is 70 % clover and 30 % grass. In practice, this means that white clover 
is preferentially grazed from mixed pastures, and grasses then have an additional advantage 
over clover because the grass leaf area survives longer during a grazing than the preferred 
clover. 

c- 22 



The differential in grazing preference is exaggerated between less palatable grasses and white 
clover. Less palatable grasses such as endophyte-infected ryegrass, or N deficient cocksfoot, 
are avoided by sheep (and some insects). In contrast, timothy is a grass with high grazing 
preference and animals may not have such a strong incentive to seek out white clover in a 
timothy pasture. 
Attack by Pests 
Some pests such as grass grub and clover root weevil have a strong preference for white 
clover. The clover root weevil is a relatively new invader while grass grub is a native insect. 
New Zealand's pastoral agriculture is vulnerable to new pest introductions especially if the 
legume component of pastures is attacked. 
New Cultivar Establishment 
There is usually a large amount of hard, white clover seed in grassland soils. This hard seed 
will often be seed of older cultivars, such as Huia, produced over many previous seasons. Even 
if only 5% of this seed germinates each year, the resulting seedlings may outnumber those that 
establish from new seed sown (normally at 2 kg/ha). It is therefore difficult to achieve a 
complete change to a new cultivar (see Section 3.2.2). 

3.4.5 Red Clover 
(See also Sections 3. 6 to 3. 9) 

Red clover is a short-lived perennial, which is more productive in a pure stand than white 
clover. Most red clover cultivars do not have stolons or rhizomes so they cannot reproduce 
vegetatively. It usually disappears from sheep pastures two or three years after sowing because 
it does not tolerate set-stocking, and regular close defoliation does not allow reseeding. In 
pastures grazed by cattle, plants from the initial sowing may persist for three or four years and 
if summer spelling from grazing is long enough, some seed may be set and some red clover 
can then persist in a permanent pasture through reseeding. Because of its long florets, red 
clover sets seed best where there are high populations of bumblebees. 

The potential of red clover is not exploited as much as it could be. Farmers tend to avoid it 
because of its relatively high seed price, lack of persistence, intolerance of set stocking, risk of 
causing bloat, and evidence that some cultivars may reduce reproductive performance in sheep 
(especially at mating time), where there is a high proportion of a 'high oestrogen' cultivar, 
such as "Pawera", in the pasture. However, the flushing effect of increased liveweight gain in 
ewes fed red clover has been shown in some research, to counter the adverse effects of the 
phyto-oestrogens in the herbage. 

Red clover has a deep tap-root and a larger root system than white clover, which makes it 
more tolerant of summer droughts and root-eating pests such as grass grub. It is also taller 
than white clover and is therefore better adapted to growing with tall grasses such as timothy 
and cocksfoot under rotational grazing, and in its 'traditional' role as a hay crop. 

Red clover is well suited to 'mixed' farming, where short-term pastures are used to restore 
fertility for cropping. Very rapid lamb liveweight gains can be achieved from red clover, and it 
should be exploited more as a specialist finishing feed in combination with other species 
which require rotational grazing, such as chicory, prairie grass and large-leaved white clovers 
(e.g., "Aran"). 
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Red Clover Cultivars 
These are differentiated as early or late flowering, having high, medium and low oestrogen 
content, and their cool season or summer herbage production. Some cultivars are tetraploids, 
which means they have twice the number of chromosomes fo:und in diploids. Tetraploids have 
larger seeds than diploids, which may result in their more rapid establishment. Generally, 
cultivars with larger seeds should be sown at higher rates than cultivars (or species) with small 
seeds. A high population of red clover is required from the initial sowing because the 
population will decline over time. Diploid red clover has seed that is about three times heavier 
than white clover, and tetraploid seed is five times heavier. Diploid seed sown at 4 kg/ha will 
give 210 viable seeds per square metre, but nearly 7 kglha of tetraploid seed would be needed 
to get the same population density. This compares with white clover sown at 2 kg/ha giving 
320 viable seeds/m2 (see Section 3.8). 

Diploids 
Early flowering cultivars with medium oestrogen levels and greater cool-season 
production are Grasslands Colenso and Grasslands Sensation. Another early flowering diploid, 
with low oestrogen, is Astred, a cultivar that can spread by rooting at nodes on horizontal 
stems. Further work on this type of red clover having the ability to reproduce vegetatively 
(like white clover) may lead to red clovers lasting more than three to four years. 
Grasslands Turoa is late flowering, with good summer production and high oestrogen. 

Tetraploids 
An early flowering tetraploid (hay type) with high oestrogen is Pac 19. 
Late flowering cultivars are Grasslands Pawera, which has high oestrogen, and Grasslands 
G27, with low oestrogen. 

Editor's note: Additional information about red clover cultivars and their features is located in 
Appendix 15.3.2, page 0-26. 

3.4.6 Subterranean Clover 
(See also Sections 3. 6 to 3.9) 

Subterranean (sub.) clover is an annual, which seeds prior to summer. After self-pollination, 
the seed-head bends towards the soil surface and forms a burr, which buries itself in soil. The 
large seeds germinate with autumn rain and seedling growth is rapid. Sub. clover grows at 
about the same rate as perennial ryegrass during winter, but can have an 'explosive' late 
winter I early spring flush, which makes it ideal for early-lambing ewes. It is 4-6 weeks earlier 
than white clover, and produces a greater bulk of clover leaf in September and October. 

Sub. clover has hairy leaves and is distinguished from red clover in some cultivars by 
having brown leaf markings, but the main superficial difference is that sub. clover has 
heart-shaped or 'square-ended' leaflets, while red clover has a more oval or pointed leaflet 
shape. 

Sub. clover is best adapted to dry, sunny faces in most hill country; free-draining stony 
soils, and acid soils (pH 5.2- 5.6) in summer-dry areas (400- 700 mm rain) where it is 
difficult to grow lucerne. It grows best in environments with moist, mild winters and dry, hot 
summers. Depending on when soil conditions are expected to get dry, use early (mid-August), 
mid (mid-September) or late (October) season flowering cultivars. There are however, few 
places in New Zealand where early-flowering cultivars would be required. In very variable 
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climates, mixtures of sub. clover cultivars may be sown to cover the climate range (e.g., use a 
late-flowering cultivar to get maximum production out of good seasons, with a mid-flowering 
cultivar to set seed in dry seasons. 

Production from sub. clover is more variable than lucerne from year to year because it is 
very dependent on the timing and success of autumn germination. Early autumn rain will 
result in much better establishment and production than a late break after summer I autumn 
drought, but early rain followed by autumn drought results in 'false strikes', where 
germinating seedlings may die. This greater variability means that farmers in drought-prone 
areas who rely totally on sub. clover, must farm conservatively with lower stocking rates. 

Hard grazing in late summer (before autumn rain) creates good conditions for sub. clover 
seedling establishment, by reducing the competition from other species in the sward, and will 
result in a rapid cover of sub. clover seedlings after autumn rain. High yields of nutritious 
clover can be grown for August lambing if there are more than 1 000 seedlings per square 
metre (i.e., 10 seedlings in a square 10 em x 10 em). After seeds germinate, it is best to avoid 
very hard grazing because the large seedlings may be grazed off below their cotyledons and 
killed. 

High seed production is necessary to ensure survival from year to year, and in a good 
season, 600 kg/ha may be produced in a sub. clover dominant pasture. Seed that matures after 
a spring with good rainfall has a high proportion (50- 95 %) of 'hard' seed. Most of this hard 
seed will not germinate in its first autumn. By comparison, a dry spring results in mainly 'soft' 
seed that will germinate the following autumn. Significant reserves of hard seed accumulate in 
the soil after good years. However, these may be eventually depleted with false strikes, 
adverse grazing management and herbicide use, or buried by ploughing. It is therefore often 
necessary to resow sub. clover when pastures are renewed. Many farmers believe their 
pastures have high reserves of hard sub. clover seed, but seedling populations are often much 
fewer than the 1 OOO/m2 required for maximum early herbage yields. 

Sub. clover must be sown in autumn, and at least 10 kg/ha is recommended. This relatively 
high seeding rate is necessary because sub. clover seed is about 10 times heavier than white 
clover. Seed sown at 1 kg/ha equates to only 15 seeds/m2 • Grazing management in the first 
year after sowing is critical, and lenient set stocking during spring flowering and seed set is 
necessary to maximise seed production. 

Subte;ranean Clove; Cuftivars 
The first sub. clover cultivars to be widely used in New Zealand were the mid/late flowering 
MI. Barker and the late flowering Tal/amok. In the 1960s, Woogenellup and a few other cultivars 
were introduced. The most common cultivar where sub. clover persists is MI. Barker. It can be 
identified by the distinctive red band around the base of its flower. 

All sub. clover cultivars come from Australia. There is not a New Zealand cultivar on the 
market and no seed is harvested in New Zealand. Since the late 1990s there has been renewed 
interest in sub. clover and some seed companies have imported newly released types, which 
are largely the result of Australian breeders collecting seed in Sardinia. These new cultivars 
have been selected for disease resistance, DM yield, lack of oestrogen, seed production and 
prostrate growth (for close, continuous grazing). In order of flowering-time (earliest to latest), 
these cultivars are Campeda, Gou/bum, Denmark and Leura. 

Older public cultivars, such as the early-mid season Seaton Park, mid-season Woogenel/up and 
mid I late season Karridale are still available, but Tal/amok is no longer sold because of its high 
oestrogen content. 

Editor's note: See also Appendix 15. 3.3, page 0-28. 
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3.4.7 Caucasian Clover 
(See also Sections 3. 6 to 3. 9) 

Caucasian clover has recently been commercialised and there is only one cultivar available in 
New Zealand (see below). It is an extremely persistent perennial that develops deep tap-roots 
and a mass of underground rhizomes, so it is more tolerant of drought conditions, extreme soil 
surface temperatures, pests and diseases, than white clover. However, it will not continue 
production into dry summers for as long as red clover or lucerne. The vegetative growing 
points of Caucasian clover come from the protected nodes on the underground rhizomes, and 
'daughter' plants grow to fill gaps in the pasture. 

Caucasian clover can be confused with red clover because their leaf shapes are similar, but 
Caucasian is hairless. Caucasian clover is taller than white clover (but has a similar nutritive 
value) so is more competitive with grasses when rotationally grazed. Pastures containing 
Caucasian clover often have higher total clover (Caucasian plus white) content. This means 
that the pasture feeding value will be improved and animals will produce more on the higher 
clover content pasture. Caucasian clover will tolerate set-stocking better than red clover, but 
produces more forage under rotational grazing. Maximum yields of Caucasian are similar to 
red clover. 

Caucasian clover is recommended for permanent pastures that are intended to last for at 
least ten years. It requires a specific rhizobium strain (distinct from those used on red and 
white clover) to form N-fixing nodules, and seedling growth is slow. Establishment 
recommendations are focussed on reducing competition from weeds and other pasture species. 
Rapidly establishing grasses such as ryegrasses and brome grasses should be avoided. Slow 
establishing grasses such as timothy, cocksfoot or tall fescue, all at low sowing rates, may be 
tolerated. Under some circumstances, however, pure Caucasian clover sowings may be 
preferred, with aggressive grasses over-drilled four to five months later. In some studies, 
white clover was shown to be a strong competitor with Caucasian clover seedlings. It is 
therefore recommended that white clover be left out of Caucasian clover sowings. White 
clover seed already in the soil will normally germinate within the first year to establish a 
productive presence in the pasture. 

Herbicides to kill broad-leaf weeds (e.g., MCPB) are valuable in assisting Caucasian 
clover seedlings during their vulnerable first three months. Autumn sowing, especially in the 
South Island, is not recommended. Freshly inoculated seed is essential for sowing, because the 
specific Caucasian clover rhizobium is particularly sensitive and does not survive for long on 
bare seed, or on commercially-coated seed at ambient temperature. 

Because it is difficult to produce high seed yields, the seed is expensive. It should be sown 
at 4 - 8 kg!ha of coated seed (3 - 5 kg/ha bare seed weight), with the higher rate improving 
establishment and reducing the time taken to reach full production. 

Caucasian Clover Cultivar: Endura 
(Editor's note: See also Appendix 15.3.4, page 0-30). 
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3.4.8 Lucerne 
(See also Sections 3.6 to 3.9) 

3.4.8.1 Introduction 
Lucerne is a high quality, deep tap-rooting perennial plant that is suited to grazing and/or 
conservation. The versatility of lucerne means that providing a universal management strategy 
for maximising production is difficult. In New Zealand, lucerne is used for grazing in sheep, 
beef, deer and dairy systems and is also conserved as hay I balage I silage for supplementary 
feeding, either for animal maintenance or to enhance production. Given the potential benefits 
of lucerne, it is surprising that its use has actually declined over the past two decades. The 
introduction of new cultivars has meant many of the pest and disease problems that decimated 
crops in the 1970s and 1980s have been overcome. Coupled with severe East Coast droughts 
and a 'feed barrier' for ryegrass-based dairy production, many farmers are again considering 
lucerne for their farming systems. 

To maximise both crop and animal performance requires specialised management, and an 
understanding of how crop growth changes with each season of the year (see Section 3.4.8.4, 
page C-29). 

3.4.8.2 Lucerne Varieties I Cultivars 
Available cultivars are listed over page, with indications of their winter growth and levels of 
resistance to pests and diseases. 
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Table 3.1: Lucerne Cultivars 

Cultivar Dormancy 

Grasslands Kaituna I 
Grasslands Otaio I 
Grasslands Torlesse D 
P54Q53 D 
P5454 D 
Runner D 
Wairau SD 
WL325HQ I 

Dormancy or Winter Activity 
D = Dormant I = Intermediate 

Pests and Diseases 
BGA = Blue-green aphid 
SN = Stem nematode 
Levels of Resistance 

Resistance to Pests and Diseases 

BGA PA SAA BW SN PRR 

R R R R R R 
R R R R R R 
HR - - R - -
MR MR MR HR HR HR 
MR R R R MR HR 
- - - R - s 
s s s s s s 
R R R R MR R 

SD = Semi-dormant 

P A = Pea aphid SAA = Spotted alfalfa aphid 
PRR = Phytopthora root rot VW = Verticillium wilt 

HR = highly resistant R = resistant MR = moderately resistant S = susceptible 

vw LD 

- MR 
- s 
- -
- -
MR -
- -
s s 
- -

BW = Bacterial Wilt 
LD = Leaf diseases 

- = not tested 



3.4.8.3 Lucerne Establishment 
Lucerne should be established on high fertility, free-draining soils that have a pH higher than 
5.8, using an appropriate, pest-resistant cultivar. Any soil molybdenum or boron deficiency 
must be addressed, as these can affect nitrogen fixation and plant growth. Lucerne is usually 
spring sown (particularly in the South Island), in pure stands at 5 - 6 kg/ha (bare-seed weight) 
with appropriate rhizobia inoculant added in a seed coat, or to the bare seed immediately prior 
to sowing. In dry land areas of the South Island, sowing in late September and through to the 
end of October is recommended. This is to reduce the risk of damage from late frosts, but also 
to allow seedling establishment before the soil surface has dried out. Alternatively, lucerne 
can be sown after a summer fallow. If autumn sowing, there is an increased possibility of 
damage from grass grub, so increased sowing rates and appropriate insecticide may be 
necessary. A sowing depth of 5- 15 rnrn is ideal, and a firm seed-bed is required. 

A break of at least one year is recommended between lucerne crops, to reduce the 
carry-over of diseases and weeds from the previous crop, and break down the chemicals that 
cause 'autotoxicity'. Lucerne is usually sown in pure stands, but the addition of a low rate of 
grass (e.g., cocksfoot, phalaris or prairie grass) may help prevent soil erosion in wind-prone 
areas. For deer, low seeding rates of chicory and I or plantain have been used successfully 
with lucerne to add variety and 'browse quality' to the pasture. 

Several specific herbicides are available to aid lucerne establishment (see Section 5.2.10, 
page E-15), but the need for this can be minimised by good weed control prior to and during 
seed-bed preparation. In the event of severe weed infestation, a single hard graze, when the 
lucerne is about 15 ern high, is recommended. This will control most annual weeds. 

3.4.8.4 Management of Lucerne 
Note: Lucerne must not be set-stocked. Grazing durations should not exceed 10 days, and the 
minimum spelling time should not be less than 24 days (see specific recommendations, ·"' 
below). 
Seedling Crop (First year) 
Ideally the seedling crop should not be grazed until at least 50% of the sterns have an open 
flower. This encourages tap-root growth and increases the root reserves for production in the 
second year. At early flowering, graze the crop rapidly with large numbers of animals for up to 
five to seven days only. Do not graze again until regrowth is at least 30 ern high. The time of 
sowing and moisture availability will determine the number 6f grazings in the first year. 
Regrowth Crops (Years 2 -10+) 
In Canterbury, extremely high yields (up to 28 t DM/ha) have been recorded off irrigated 
lucerne, but the quantity varies with temperature, moisture availability and soil conditions. It 
is essential that all 'end of season management' (final winter clean-up grazing and weed 
spraying) is completed by the end of June. The stand must then be left ungrazed until there is 
35-40 ern of new spring growth. Depending on climate and temperature, this may be in the 
third week in September, or into October in colder areas. Grazing prior to this will remove 
newly developing buds and nodes that form the spring yield potential of the crop. Their 
removal can delay the spring grazing or conservation cut by over a month and significantly 
reduce total annual production. Allowing the crop to grow taller than 35 - 40 ern increases the 
risk oflodging, so a compromise between maximising production and ease of harvest is 
required. It is not necessary to let the first spring crop flower before harvest. If grazing, break
fence or stock at a rate that will remove all herbage in five to ten days. The removal of all 
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herbage allows light into the crown of the plant and stimulates the· formation of the new basal 
buds that become the stems for the next rotation. 

For subsequent spring I summer rotations, the time of grazing is a compromise between 
yield and quality. During vegetative growth, approximately equal proportions of stem and leaf 
are produced. As flower-buds become visible the proportion of stem exceeds leaf and 
consequently, total DM increases, but the quality declines. The appearance of flowers also 
coincides with new vegetative basal crown-buds forming. Thus, the usual recommendation for 
this period is to harvest when about 1 % of the stems have an open flower. Grazing earlier 
than this will result in a lower yield, but higher quality herbage. Conversely, making hay or 
grazing later will maximise yield, but increase the proportion of fibrous flower stems that are 
usually left ungrazed. 

In dryland sheep farming, the maximum post-weaning liveweight gain is achieved when 
lambs are grazed solely on lucerne for a minimum of six to eight weeks. Thus, fencing to a 
five-paddock rotation allows six to ten days of grazing and 24 - 40 days of regrowth. Ideally, 
lambs eat the leaf and top of the stem, and are followed by hoggets or ewes to clean-up the 
remaining stem. The grazing interval should be shortest in summer, when warmer days and 
longer day lengths bring a rapid onset of flowering. 

Early autumn grazing in February I March should be deferred until at least 50% of the 
stems have an open flower. During this time a higher proportion of the sugar from 
photosynthesis is stored in the roots. This provides the reserves that will assist spring regrowth 
the following year. Of course, if there is drought and no autumn rain, the plants will not be 
growing and no reserves are built-up. Any regrowth in April I May should be left to grow until 
colder temperatures and frosts stop growth in winter. 
Weed and Pest Control 
A single, hard, early winter grazing (preferably before soil is soft and wet), removes 
over-wintering aphids and weeds before they mature. This should occur during June in most 
districts. Any additional weed control should be completed by the end of June, and the stand 
then left until the first spring rotation when it should be about 35 em high. 

Major weeds include annual grasses and tap-rooted broad leaf perennial weeds such as 
dandelion and dock that compete with lucerne for moisture in summer (see Section 5. 2.10 for 
recommended weed control options). 

3.4.8.5 Animal Health Issues with Lucerne 
Lucerne stores sodium in its roots, which means that the herbage is deficient in sodium, so 
alternative sources for livestock (such as salt licks) may be required. Lucerne can cause bloat, 
particularly in cattle, and red-gut can be a problem for lambs. Also, lucerne that has leaf 
diseases, aphids, or severe moisture-stress can have high oestrogen levels, and therefore 
should not be grazed by ewes immediately prior to, or during mating. Healthy, young 
regrowth is safe during mating, however. 

3.4.8.6 Lucerne Hay and Silage 
The dilemma in lucerne hay production is quality versus quantity. Yields are increased by 
delayed harvest, but stem thickening makes harvesting and drying more difficult and reduces 
quality (see above). The quality component is the leaf, with high levels of protein and an MID 
value of 11.5 or better (see Section 1.8.10, page A-166). At the same time, lucerne stem may 
have less than 15% protein and an MID value ofless than 9.0. The optimum dry matter (DM) 
content for baling is 80 - 85 % (or 15 - 20 % moisture). Given that most plants start with 
15 - 20 % DM (or 80 - 85 % moisture), the importance of rapid moisture loss is self-evident. 

c- 30 



Differential drying of leaf and stem means that leaves dry rapidly and can be lost by raking 
and baling. This loss is minimised by using a conditioner or crusher at cutting to squash the 
lucerne stem and increase the rate of moisture loss. Raking and baling when light dew is on 
the leaves can also minimise leaf losses. 

Making silage from lucerne allows greater control of the forage quality and time of 
harvest, and minimises losses at harvest. However, the high protein content in lucerne reduces 
the concentration of sugar available for the ensiling process. This process will benefit from 
lucerne being wilted for at least four hours (to 35% DM), and additives such as molasses, 
cereal grain, or an inoculant may be used to accelerate the fermentation. 

If paddocks are continuously used for conservation as hay or silage, additional potassium 
will normally be required and this should be monitored annually- see Section 6.12, page F-27. 

3.4.9 Lotus Species 
(See also Sections 3. 6 to 3. 9) 

3.4.9.1 Introduction 
There are two perennial Lotus species available to New Zealand farmers. Lotus major 
("Maku" lotus) is found in wet, infertile situations, while birdsfoot trefoil is adapted to dry, 
infertile areas. Both these legumes contain condensed tannins that prevent bloat in grazing 
livestock, and in birdsfoot trefoil the tannins enhance animal performance. 

Lotus species can be distinguished from clovers and medics (e.g., lucerne) by their yellow 
flowers and leaf-like stipules at the base of the short leaf stems. These give the appearance of 
it having five leaflets per leaf, rather than the three that clover and medics have. 

3.4.9.2 Lotus Major 
Lotus major (L. pedunculatus) has many desirable attributes but it is not well adapted to 
intensive grazing. It is a valuable 'pioneer' legume in wet, acid, low phosphate soils where 
white clover will not thrive. It spreads by creeping rhizomes, and its long stems can climb 
over unpalatable weeds to encourage livestock into scrub and fern covered land during a land 
development phase. Lotus is also used in agroforestry pastures because it tolerates acid soils 
and shade, and its long stems can grow through pine-needle litter, pruning and thin . .'1ing slash, 
much better than clovers. 
Lotus Major Cultivars 
Grasslands Maku and Barsilvi are tetraploid cultivars with larger seeds and more vigorous 
seedlings than the diploid Grasslands Sunrise. Warm conditions without competition from 
grasses are required for rapid establishment. Sowing rates of up to 5 kglha are used on 
conventional seed-beds or oversown into tussock grassland, 'bush-bum' or newly milled pine 
forest areas. 
Editor's note: See also Appendix 15.3.4, page 0-29. 

3.4.9.3 Birdsfoot Trefoil 
Birdsfoot trefoil (L. corniculatus) is similar to lucerne in that it is best grown alone and 
needs to be rotationally grazed. However, it cannot be grazed down to the crown like lucerne 
because its regrowth comes from buds on the residual stems. It is therefore important for 
plant survival to leave stems between 6- 10 em high post-grazing. Its growth-form resembles 
a small, erect bush, in contrast to the rhizomes and long, trailing stems of Lotus major. 
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Birdsfoot trefoil has been the focus of research on plants with condensed tannins ( CT) 
because its CT concentrations, and their composition, are most effective for enhancing 
animal performance. Benefits that have been demonstrated in deer, sheep and cattle are 
improved liveweight gain and increased milk production, and in sheep, less dags and 
fly-strike, more wool growth, and increased ovulation rate. When fed to ruminants, forages 
with CT reduce urinary nitrogen and methane output, reduce the incidence of bloat in animals 
feeding on clover and lucerne, and improve the tolerance of young ruminants to intestinal 
worms. 

The list of benefits of CT forages must be tempered by the difficulties in growing these 
species. Birdsfoot trefoil requires specific rhizobia and seed must be freshly inoculated with 
the correct strain to ensure nodulation, N fixation and seedling vigour. It is more tolerant of 
dry, acid soils and low fertility than lucerne, but in fertile, moist environments, white clover 
and ryegrass are major competitors. 
Birdsfoot Trefoil Cultivar 
The only cultivar available, Grasslands Goldie, is sown at 6 - 10 kg/ha to create pure stands. It is 
not competitive when sown with grasses or lucerne, but mixtures with herbs, such as 
plantain, may be successful. 
Editor's note: See also Appendix 15. 3.4, page 0-29. 
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3.5 

3.5.1 

PASTURE HERBS 
(See also Sections 3. 6 to 3.9) 

Introduction 

Palatable broad-leaf 'weeds' such as plantain, sorrel, dandelion and yarrow are minor 
components of most older pastures. In general, they are less productive than grasses and 
legumes that have been intensively selected and bred for use in sown pastures. Two herbs 
that have been improved for use in grass I legume pastures, or in special finishing pastures, 
are chicory and narrow-leaf plantain. 

3.5.2 Chicory 

Chicory is a perennial herb with a large tap-root, a rosette oflarge leaves (similar, but larger 
than dandelion), which in late spring I summer, if grazing management is lax, can produce 
flowering stems up to two metres tall with blue I mauve daisy-like flowers. It has high 
concentrations of minerals, and because it is rapidly digested, deer, lambs and cattle can 
achieve high rates of liveweight gain on chicory dominant pastures. 

Chicory grows rapidly from October through to the end of April, but is winter dormant. 
Compared with lucerne, it has a shorter growing season, lower annual DM yields and less 
persistence. It is, however, more versatile in pasture mixes, tolerates soil acidity, more 
frequent grazing and has fewer pests and diseases. Chicory needs to be grown with a legume to 
provide N, and special purpose finishing pastures should be sown with red and I or white 
clovers. If included in conventional grass I clover mixes, ryegrass seeding rates should be 
reduced to obtain good chicory establishment. It will not persist for more than a year or two if 
the pasture is set-stocked, and because it is sensitive to many herbicides, thistle and other weed 
control is difficult. 

Chicory seed is sensitive to cold and is therefore best sown in spring or late summer, when 
soil temperatures are above 1 0°C. Sow 2 - 4 kg/ha of chicory if sowing with clovers only, or 
about 1 kglha in a grass I pasture mix. Chicory populations decline rapidly as plants grow 
larger with multi-headed crowns, and after three years there may be only 10 plants per square 
metre remaining. This decline in plant numbers is partly due to intraspecific competition, but 
sclerotinia fungus also contributes to plant death, especially in moist, cool areas on poorly 
drained soils, and if crowns are damaged by grazing. 

Some deer farmers have successfully established chicory (and plantain) either mixed with 
lucerne or as strips within lucerne paddocks. Herbs (with clover and lotus) provide extra 
minerals and tannins to the grazing animals (sodium in particular is important because lucerne 
is deficient in sodium and the herbs have high sodium content). 

Grazing management should aim at a compromise between controlling reproductive stems 
in late spring I early summer and providing high yields of nutritious leaf, versus the need to 
have long spelling times to maintain tap-root reserves and plant populations. Two to three 
week spells may be preferred during the late spring, with longer spells of four to five weeks 
later in the growing season. 

Chicory Cultivars: Grasslands Puna, Grasslands Grouse 
Others cultivars are expected to be released as breeders succeed in developing types with less 
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milk-taint, improved resistance to sclerotinia, and more cool season production. 
Editor's note: See also Appendix 15.4, page 0-32 and 33. 

3.5.3 Plantain 

Two high-yielding cliltivars of narrow-leaf plantain have been developed from the common 
pasture weed, which is normally found in dryland sheep pastures rather than in dairy pastures. 
Plantains are drought and pest tolerant and grow at a similar rate to perennial ryegrass in less 
fertile, dryland environments. Plantain is more cool-season active than chicory, and for that 
reason may be more useful in cooler areas where herbs are included in pastures for animal 
health benefits. 

Rotational grazing is required for persistence, but spelling times should not be too long or 
the unpalatable seed-heads will dominate in summer. 

Sowing rates of 1 - 2 kg/ha are recommended for grass/clover mixes, but seeding rates of 
aggressive grasses (e.g., ryegrasses and bromes) should be less than 10 kg!ha. A similar 
plantain seeding rate used in mixes with clovers or lucerne plus chicory resUlts in excellent 
'fmishing' pastures, where the herbs take the place of grasses. 

Plantain Cu/tivars: Ceres Tonic, Grasslands Lance/at 
(Editor's note: See also Appendix 15.4, pages 0-32 and 33). 
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3.6 GUIDE TO THE MAIN AGRONOMIC FEATURES OF PASTURE SPECIES 
(Scale: 1 = low; 5 = high). 
Adapted from "The AgResearch Grasslands Range ofForage and Conservation Plants", (see page C-74) 

Species Fertility Heavy Soil Drought Insect Mixture Ease of Ease of Animal 
Needs Tolerance Tolerance Tolerance Com~atibilit}' Establishment Management Acceptance 

Grasses 
Perennial ryegrass 4 3 2 2 3 5 5 3 
Italian ryegrass 4 3 1 1 2 5 3 5 
Hybrid ryegrass 4-5 3 1 2 3 5 3 4 
Cocksfoot 1-4 2 5 4 2 4 4 3 
Tall fescue 5 5 4 4 4 3 4 4 
Prairie grass 4-5 1 3 2 2 3-4 1 4 
Grazing brome 3 2 4 2 3 3-4 3 4 
Smooth brome 2 2 3 3 3 2 3 4 

() Phalaris 4 4 5 5 4 3 3-4 3 
V> Timothy 4 4 2 2 4 3 2 5 
lh Browntop 1 3 3 3 3 3 3 2 

Legumes 
White clover 4 4 2 3 4 3-4 4 5 
Red clover 4 3 4 3 4 4 3 5 
Caucasian clover 4 4 5 4 4 2 4 5 
Subterranean clover 3 1 5 3 4 4 4 4 
Lucerne 4 1 5 2 2 3 3 4 
Lotus 2 4 3 3 1 - 2 2 3 3 
Birdsfoot trefoil 2 2 5 3 1 - 2 3 3-4 4-5 
Alsike clover 3 3 3 3 3 3 2 4 
Sulla 3 2 4 3 3 3 3 5 
Herbs 
Chicory 4 1 4 4 3"4 3 4 5 
Plantain 3 4 4 5 4 4 4 3 



3. 7 GUIDE TO THE SEASONAL GROWTH OF PASTURE 
SPECIES 

Adapted from information published in "The AgResearch Grasslands Range of Forage and 
Conservation Plants", AgResearch Grasslands (see Section 3.14, page C-74). 

Scale: 1 = poor, 3 = good. 

Grasses: 
Ryegrasses: 

-Perennial 
-Italian 
-Hybrid 

Cocksfoot 
Tall fescue 
Prairie grass 
Brome grasses: 

Summer 

2 
1 
1 
3 
3 
3 

- Prairie grass 2 
- Grazing brome 3 
- Smooth brome 3 

Phalaris 
Timothy 
Browntop 

Legumes: 
White clover 
Red clover 
Caucasian clover 
Subterranean clover 
Lucerne 
Lotus 
Birdsfoot trefoil 
Alsike clover 
Sulla 

Herbs: 
Chicory 
Plantain 

1 
3 
2 

3 
3 
3 
1 
3 
3 
3 
2 
2 

3 
2 

Autumn 

2 
2 
2 
3 
3 
3 

2 
2 
2 
3 
3 
2 

2 
3 
3 
1 
3 
2 
3 
1 
2 

3 
2 

Winter 

2 
3 
3 
2 
2 
3 

3 
3 
I 
3 
2 
1 

2 
1 
1 
3 
1 
1 
1 
1 
3 

Spring 

3 
3 
3 
3 
3 
2 

3 
3 
1 
3 
3 
2 

3 
3 
3 
3 
3 
2 
2 
3 
3 

3 
3 

Note: See also Section 3.11, page C-48, for monthly pasture growth rates. 

c- 36 



3.8 SEED FEATURES OF THE MAIN PASTURE SPECIES 

Adapted from Charlton, 1992, (see Section 3.14). 
Based on average thousand-seed weights and calculated accordingly - the number of seeds 
per kilogram are estimates. 

Thousand Seeds/kg Seeds 1m2 

Seed Weight (g) (approx.) at 1 kg/ha 
Grasses: 
Perennial ryegrass 2.0 500 000 50 
Italian ryegrass 

- tetraploid 4.0 250 000 25 
-diploid 2.0 500 000 50 

Hybrid ryegrass 
- tetraploid 3.9 256 000 26 
-diploid 2.0 500 000 50 

Cocksfoot 0.9 1 110 000 110 
Tall fescue 2.6 385 000 38 
Prairie grass 11.5 87 000 9 
Grazing brome 11.5 87 000 9 
Phalaris 2.0 500 000 50 
Timothy 0.4 2 500 000 250 
Yorkshire fog 0.3 3 333 000 333 
Browntop 0.1 10 000 000 1000 

Legumes: 
White clover 0.6 1 600 000 160 
Red clover 

- tetraploid 3.1 320 000 32 
-diploid 1.9 525 000 52 

Caucasian clover 2.5 400 000 40 
Subterranean clover 6.7 150 000 15 
Lucerne 2.0 500 000 50 
Lotus 

- tetraploid 0.8 1 250 000 125 
-diploid 0.5 2 000 000 200 

Birdsfoot trefoil 1.2 830 000 83 
Alsike clover 0.7 1 425 000 142 
Serradella 3.9 256 000 26 
Sulla 

- unhulled 11.0 91 000 9 
-hulled 5.3 188 000 19 

Herbs: 
Chicory 1.2 833 000 83 
Plantain 2.0 500 000 50 
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3.9 PASTURE TYPES FOR SPECIFIC ENVIRONMENTS 

Note: See also Sections 3.3 to 3.5 for detailed information on pasture varieties. 

The most appropriate pasture mix for a farm is mainly determined by the four environmental 
factors of temperature, soil moisture, soil fertility and pasture management. 

3.9.1 Guide to Suitability of Common Pasture Species for 
New Zealand Environments 

Adapted from information published in "The AgResearch Grasslands Range of Forage and 
Conservation Plants", AgResearch Grasslands (see Section 3.14, page C-74). 

Scale: 1 = low suitability, 5 = highly suitable. 

Dry land Moist Moist North South 
Lowland Hill Island Island 

Country Dry Hill High 
Grasses: Country Country 
Rye grasses: 

-Perennial 3 5 3 2 1 
-Italian 1 5 1 1 1 
-Hybrid 2 5 2 1 1 

Cocksfoot 5 2 5 5 4 
Tall fescue 5 5 1 1 2 
Prairie grass 5 4 1 1 1 
Grazing brome 5 3 5 4 3 
Smooth brome 2 1 3 3 5 
Phalaris 5 4 2 3 2 
Timothy 2 5 3 1 5 
Browntop 3 1 5 3 4 

Legumes: 
White clover 2 5 4 3 2 
Red clover 3 5 2 4 4 
Caucasian clover 3 4 3 2 5 
Subterranean clover 5 1 4 5 1 
Lucerne 5 3 1 1 3 
Lotus 2 1 5 1 4 
Birdsfoot trefoil 5 3 1 2 4 
Alsike clover 1 2 1 1 4 
Sulla 4 4 3 4 1 

Herbs: 
Chicory 5 5 2 2 1 
Plantain 2 3 3 2 4 
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3.9.2 Pasture Species for South Island Hill and High 
Country - Environmental Suitability 

Adapted from Scott et al, 1985 (See Section 3.14). 

Table 3.2 (next page) shows the relative tolerance and response of pasture species to 
temperature and other factors. The South Island hill and high country regions include the 
particular features of lower temperatures and soil moistures, as well as the possibility of low 
soil fertility. Spedes and cultivars must be selected according to both their environmental 
suitability and their likely use (e.g., intensive or extensive grazing). 

Note: See also Sections 3.3 to 3.5 for information on pasture varieties. 

KEY: (to Table 3.2- see next page) 

Temperature 
1. Cool temperature, high altitudes, 

south aspects 
2. Moderate temperature and altitudes 
3. Warm temperature, low altitudes, 

sunny faces 

Moisture 
(a) Tolerance to moisture stress 

(drought): 
1. Low 
2. Medium 
3. High 

(b) Suitability for sites with 
prolonged moisture stress: 

1. Low 
2. Medium 
3. High 

(c) Suitability for intensive, irrigated 
pastures: 

1. Low 
2. Medium 
3. High 

(d) Value in livestock feeding 
systems: 
l.Low 
2. Medium 
3. High 
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Soil Fertility 
(a) Suitability for low fertility: 

1.Low 
2. Moderate 
3. High 

(b) Sites where species is of 
greatest value: 

1. Low fertility 
2. Medium fertility 
3. High fertility 

(c) Suitability for wet, acid and 
infertile soils: 
1. Low 
2. Moderate 
3. High 

Grazing 
1. Tolerates close or set-stocking 
2. Intermediate 
3. Requires lax or long regrowth 

periods, as in hay production 

Acceptability to Stock 
1. Low 
2. Medium 
3. High 



Table3.2: Pastures for South Island Hill and High Country - Environmental Suitability (Key - see previous page) 

Temp. Moisture FertilifJ!_ Grazing Accept-
a b c d a b c abilifJ!_ 

Grasses 
Perenrlialryegrass 2-3 1-2 1-2 3 2-3 1-2 2-3 1 3 
Annual ryegrass 2 2 1 3 2-3 1 3 2 3 
Hybrid ryegrass 2-3 1-2 1-2 3 2-3 1-2 2-3 2 3 
Cocksfoot 1 2-3 2-3 2 1-2 2 1-2 2 2 3 
Tall fescue 1 2 2 3 2-3 1-2 2-3 1 2 3 
Prairie grass 3 2 2 1-2 1 3 1 3 3 
Phalaris 2-3 2 1-2 1-2 2-3 3 1 2 3 1-3 
Timothy 2 1 1 3 3 1-2 3 2 3 3 
Yorkshire fog 2 1-2 2 1 2 2 1 3 2 3 
Browntop 1-2 2 2-3 1 1-2 2-3 1 3 1 2 

n Crested dogstail 3 2 1 2 2 1-2 2 1 1 2 
I 

Tall oat grass 2 3 3 . 1 1-2 3 1 1 3 2 """ 0 
Legumes 
White clover 2-3 1-2 1-2 3 2-3 1 2-3 2 1 3 
Red clover 1-2 1-2 1-2 3 2-3 1 2-3 1-2 3 3 
Caucasian clover 1-2 3 2 3 3 1 2-3 2 I 3 
Sub. Clover 3 2-3 3 1 1-2 1 3 2 3 3 
Lucerne 2-3 3 3 3 1 1 3 1 3 3 
Lotus 1-2 1 1 1 2-3 2 1-2 3 2 2 
Birdsfoot trefoil 2-3 2-3 3 2 1 2 1-2 2 3 2 
Suckling clover 1 1 1 1 2-3 3 1 3 1 2 
Greenfeed lupin 2 2 2 1 2 1 3 2 3 3 
Herbs 
Chicory 3 2 2 n.a. 2 1 3 2 3 3 
Sheeps burnet 2 2-3 3 n.a. 1 2 1 1 2 2 



3.10 ASSESSING PASTURE MASS I QUANTITY 
(Kilograms of Dry Matter per Hectare) 

3.10.1 Introduction 

Pasture dry matter (DM) is the 'fresh' (green+ dead) weight ofpasture less its moisture 
content. 

The herbage mass of a pasture is dependent on its length, density and percentage dry matter 
(DM %). This is influenced by its stage of growth, the time of the year (season), and the 
species present. When objectively measuring pasture DM, samples are cut to ground level. To 
assess the DM that can be utilised by grazing animals, adjustments may be necessary to take 
account of dead material in the base of the sward, as well as the expected post-grazing pasture 
mass (or residual DM). 

Accuracy of the assessment I measurement is dependent on the experience of the 
'assessor' and the method used, and will improve with the number of samples taken. The most 
accurate measurements can be achieved in the period from late autumn to mid-spring, when 
the 'green' content of the sward is highest, there is no reproductive material, and the 
proportion of dead material is usually low. Seasonal variations can be adjusted for (see 
Section 3.10.4.2) but regional variations should be minimal ifthe measurements are based on 
the same method of assessment for herbage mass. (Thomson and Blackwell, 1999, see Section 
3.14). 

When assessing pasture DM on an individual farm, consistency of method and 
maintaining the relativity between the assessment I measurements over time are the most 
important factors, assuming the 'system' used is reasonably accurate. 

3.10.2 Summary of Methods Used to Assess Dry Matter 

• Estimates by eye assessment involve the integration of average pasture canopy height, 
pasture densit-y, and (with the rnost difficulty) the DM% (see Section 3.10.3, over page). 

• Measurements using commercially available mechanical or electronic instruments 
(see Section 3.1 0. 4): 

- Pasture Probe (electronic I capacitance) 
- Plate Meter (height and density) 
- Sward Stick (height) 

• Measurements from cutting and weighing representative samples of pasture from specific 
areas (e.g., 0.1 m2), then drying a small, representative quantity to determine the dry 
matter content I percentage (see Section 3.1 0.5). 

• Estimates by cutting and weighing pasture, then estimating its DM% without drying (see 
Section 3.1 0. 6). 
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3.10.3 Using Eye Assessment to Estimate Dry Matter (OM) 

This involves a subjective assessment of the total pasture or herbage mass (expressed as kg 
DMiha), for which, experience is essential. 

The easiest way to learn eye assessment is to 'compare notes' with an experienced 
consultant or farmer, preferably one who 'calibrates' his or her assessments by cutting, 
weighing and drying pasture samples regularly (see Section 3.1 0.5). If such 'calibration' is 
used to confirm eye assessments on a regular basis, an experienced operator can be 
reasonably accurate, to within 100- 300 kg DM/ha of the measured 'actual'. 

Useful Tips for Eye Assessment: 
• The base of the pasture has a high proportion of stems and dead matter, which have a 

higher DM content (compared to green leaf material). 
• Long pastures (greater than 12- 15 em in length) are easily over-estimated. The 

quantity of dry matter per centimetre becomes proportionately less for every increase 
in length I height. 

• Grasses going to seed rapidly increase in DM %, making eye assessment difficult in 
grass dominant paddocks through late spring and summer. 

• White clover and I or chicory dominant pastures have a lower DM %than grass 
dominant pastures. 

• The table for rye grass I white clover (over page) does not apply to other pasture 
species: lucerne, browntop, prairie grass, paspalum and cocksfoot, etc. 

• Pasture density and the amount of bare ground should be taken into account. 
• The quantity of dead matter in the pasture can have a very large impact on feed 

quality and acceptance by stock (see Section 1.8.3.3). 

Paddock Assessment Method 
• Walk through the paddock so that all the pasture can be seen. At regular intervals, 

stop and make an assessment of the pasture in the immediate vicinity. At the finish, 
estimate an average figure (in kg DMiha) for the paddock. 
Some sources recommend mentally dividing the paddock into four to five equal 
sections, assessing the pasture in each section, and then calculating the average. 

• Hill country paddocks are more difficult to assess, because of the variation in pasture 
length, density and composition, etc. There might be four or more distinctly different 
sections within a paddock that need assessment. Finally, when working out the 
average for the paddock, the area of each distinct section must be taken into account, 
along with the kg DM/ha estimate for that section. 

• In cattle pastures especially, dung patches are avoided by grazing animals and pasture 
becomes 'clumpy'. These clumps often cover about 20% of pasture area. It is often 
helpful to estimate the grazed and ungrazed areas separately, then combine the two in 
proportion to their areas. 
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For Ryegrass I White Clover Based Pastures 
The following figures may be used as an approximate guide only in autumn, winter and 
spring, before grass reproducti';e stem develops (accurate assessment is far more difficult in 
late spring and summer): 

Average Height of Pasture 

'2 Centimetre Scale': 
The first 2 em above ground*-

Every 2 em in height thereafter -
(up to about I2 em, maximum) 

'2.5 em (I inch) Scale': 
The first 2.5 em (I") above 

ground level* -

Every 2.5 em in height thereafter
(up to about I2 em, maximum) 

Type of Pasture: 

Sheep & Cattle Pasture 
(relatively dense) 

800 - I 000 kg DM/ha 

about 400 kg DM/ha 

1000- I200 kg DM/ha 

about 500 kg DM/ha 

Dairy Pasture 
(erect, tess dense) 

up to 700 kg DM/ha 

about 300 kg DM/ha 

700 - 800 kg DM/ha 

350-400 kg DM/ha 

*Note: For pastures less than 2.0- 2.5 em in height, it is difficult to be precise. Sheep 
pasture grazed very short is about 500 kg DM/ha. Dairy pasture grazed very short by cows, is 
about 700 kg DM/ha. 

For 'Improved' Pastures 
Table 3.3 (over page) provides guidelines for assessing the dry matter of 'improved' pastures. 
This 'ready reckoner' is based on data from AgResearch (Whata Whata Hill Country Research 
Station), and gives the relationship between height and pasture mass, in kg of dry matter per 
hectare. It is based on pastures on warmer }~orth Island hill countrj vvith drj sUt~mers. For 
areas with wet summers, the figures for 'late spring' are a more appropriate guide. 
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Table 3.3: Pasture Dry Matter 'Ready Reckoner' (kilograms of dry matter per hectare) 

Height Summer Autumn Winter Spring Late Spring 
em Jan/Feb Mar/Ma June/ Au Se t/Oct Nov/Dec 
1 900 860 560 800 1280 
2 1300 1180 810 1080 1560 
3 1650 1460 1060 1300 1800 
4 1950 1680 1290 1480 2000 
5 2250 1900 1520 1640 2200 
6 2450 2100 1740 1790 2360 
7 2640 2300 1950 1930 2520 
8 2800 2500 2150 2070 2680 
9 2950 2700 2330 2200 2840 
10 3100 2880 2505 2330 3000 
11 3250 3040 2690 2460 3150 
12 3400 3180 2850 2590 3300 
13 3540 3310 3000 2720 3450 
14 3670 3410 3150 2850 3600 
15 3800 3500 3300 2980 3750 
25 4800 4500 4300 3980 4750 

3.10.4 Using a Pasture Probe, Plate Meter, or Sward Stick 

All three methods are used in New Zealand for estimating pasture DM. As with eye 
assessment, cutting and drying (see Section 3.10.5) must be used to 'calibrate' the probe, 
meter or sward stick. All methods must be recalibrated at the start of each 'pasture season', 
when swards change their characteristics, i.e., early spring, reproductive late spring I early 
summer, summer, autumn and winter. 

When using mechanical or electronic instruments to assess pasture DM over a paddock, a 
large number of individual readings from at least 50 random positions must be taken and 
averaged to give a reliable assessment. The number of readings required for an accurate 
assessment will increase with the size of the paddock and the variability of the pasture cover. 
Pastures of even composition and height (e.g., quality 'dairy' pastures under rotational 
grazing) can be assessed with the greatest accuracy. 
Note: Most of the research work on calibrating such instruments and determining 
adjustments for seasonal variations has been done on Waikato I Taranaki type ryegrass and 
white clover dairy pastures. 

3.10.4.1 Pasture Probe 
This comprises two 'electrodes' encased in a PVC pipe, with a battery-powered electrical 
circuit and electronic meter that measures capacitance between the two sensors. The probe is 
hand-held (vertically), with the base on the ground, and measurements are taken from the 
probe's contact with the pasture. 

Probes have varying 'memory' capacity but most can cope with more than 100 readings 
in a paddock and can store data from over 100 paddocks. Such information can then be 
downloaded into a computer programme for use in feed budgeting and planning. A skilled 
operator can achieve average readings that are accurate to within 100 kg DMiha. Due to the 
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relative conductivity of different plant material, probes are good for measuring actively 
growing pastures, but they under-estimate the quantity of any dead plant material or 
reproductive stems. They also tend to over-estimate cover when pastures are moist. 

3.10.4.2 Plate Meter 
Plate meters have either a rising or falling 'plate', with the 'Rising Plate Meter' (RPM) being 
the most common. They are mechanical devices that measure the pasture height and density 
by way of a lightweight (aluminium) plate that moves on a graduated rod held on, and 
vertical to, the ground. The 'mass' of pasture supports the plate so pasture composition and 
stage of growth impact on the readings (e.g., pasture with erect, strong leaves, or 'stalky', 
mature plants, will inflate the measurements). 

Plate meters normally have a mechanical or electronic 'counter' that is operated in a 
similar way to the meter on a pasture probe (see above). Multiple random site readings are 
taken and averaged. 

Seasonal variations have been calibrated from data collected over many years from 
ryegrass and clover pastures at a number of North Island dairy sites. These have resulted in 
the calculation of some 'RPM Equations' ·involving 'multipliers' (to take account of seasonal 
variations in pasture due to DM %, seed-head development, etc.) and 'adders' (the pasture 
mass that cannot be measured by the plate) so that total herbage mass is measured. (See 
Table 3. 4). Some recommended variations for summer-wet or irrigated South Island areas, 
and also for areas subject to heavy frosts, are supplied with the 'RPM Equations'. 
(Note: See also Thomson and Blackwell, 1999 - see Section 3.14, from which Table 3. 4 was 
sourced). 

Table 3.4: Rising Plate Meter Equations 

Months: RPM Equations 
Winter (April- August) RPM Reading x 140 + 500 
September RPM Reading x 125 + 750 
October RPM Reading x 115 + 850 
November RPM Reading x 120 + 1000 
December RPM Reading x 140 + 1200 
January RPM Reading x 165 + 1250 
February RPM Reading x 185 + 1200 
March RPM Reading x 170 + 1100 
Summer wet (Dec. - March) RPM Reading x 160 + 1000 

3.10.4.3 Sward Stick 
These are sometimes referred to as 'height sticks' as they measure the 'height' of the pasture 
canopy only. They are designed to enable the operator to read the measurements while 
standing (without having to get down to pasture level}. Sward sticks are not calibrated for 
use on sheep pastures. 
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3.10.5 Using the 'Cut and Dry' Technique to Measure 
Pasture Mass 

This method should give the most accurate assessment of pasture mass (kg DM!ha), and is 
used to calibrate and check the accuracy of eye assessment, probes, meters and sticks. 

Representative sections of pasture are selected, and measured areas of these are clipped to 
ground level (see Section 3.1 0.5.3). Commonly these 'quadrats' are either 0.1 or 0.25 square 
metre, represented by squares with sides of either 32 em or 50 em, or by circles with 
diameters of either 36 or 56 em. 

Soil and dung should be removed from the samples (by washing if necessary). Each 
sample is then accurately weighed, thoroughly mixed, and a representative 200 gram sub
sample taken from each for drying (or, depending on the mass, all of the sample may be 
dried). Drying must continue until this sample stops losing weight, and may be done in a 
conventional oven (approx. 24 hours at 8QOC) or a microwave oven (see Section 3.10.5.2, 
below). The dried material is then weighed again and the DM % calculated for each sample. 

1 1n ' 1 ...1.1. v . ..J.1 Calculation Requiied: 

When Clipping an Area of 0.25 m 2: 

Example: Say the 'fresh' sample weighs 300 grams. A 200 gram sub-sample is dried, and its 
weight stabilises at 30 grams. The sub-sample is therefore 15% DM (dry weight divided by 
'fresh' weight, expressed as a percentage). 
The calculations required to obtain the pasture mass in terms of kg DM/ha are as follows: 

'Fresh' sample weight (300 g), multiplied by the DM% (0.15), then multiplied by 40, 

to convert to kg/ha. (1 000 g = 1 kg, and 40 000 x 0.25m2 = 1 ha) 

300 x 0.15 x 40 = 1 800 kg DM/ha 

Note: If the entire 'fresh' sample is dried, the final dried weight is simply multiplied 
by 40 to give the kg DM/ha 

When Clipping an Area of 0.1 m 2: 

Example: The 'fresh' sample weighs only 120 grams. The entire sample is dried and its 
weight stabilises at 18 grams (i.e., 15% DM). 
The calculations required are: 

'Dry' weight (18 g) x 100, to convert to kg/ha. (100 000 x 0.1 m2 = 1 ha) 

18 x 100 = 1 800 kg DM!ha 

Note: If the total 'fresh' sample weighs less than 200 grams it should all be dried. 
A 200 g (minimum) 'fresh' sample is preferred, as this produces dried material that 
can be weighed with a lower margin of error than a smaller sample. 

3.10.5.2 Drying Pasture in Microwave Oven 
Place the weighed sub-sample (spread out) on a suitable, open container in the microwave 
oven, with a cup of water. Run the microwave (on high) for five minutes then immediately 
remove and weigh the sub-sample. Return the sub-sample to the microwave and run for 
another two minutes before re-weighing. If this second 'cooked' weight is significantly less 
than the first, it may be necessary to repeat the process, 'cooking' for another one minute at a 
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time to determine the final 'dry' weight. This will be when the plant material is 'crisp' and 
like dry hay, but not charred. 
Note: Use of the kitchen microwave is not recommended! 

3.10.5.3 Pasture Sampling Technique- Discussion 
Determining the areas to be sampled for the 'cut and dry' process is obviously crucial to 
obtaining accurate measurements of pasture DM. Replicated samples (three quadrats per 
paddock is normally recommended) should be sampled at the beginning of each 'pasture 
season' (see Section 3.1 0.4). 

The method used to assess or measure the pasture mass (visual, mechanical or electronic) 
can also be used to help locate where the quadrats should be sampled, by determining the 
average for each paddock, then identifying suitable areas that have that average cover. The 
variability of the pasture composition and cover will influence the number of quadrats 
required for accurate sampling and measurement. 

Hand-clippers cannot cut as close to the ground as motorised clippers (shearing hand
pieces) used by researchers. Milligan, (1981) estimated that motor-driven clippers may 
harvest up to 200- 300 kg DM!ha more (after the soil has been washed out) than hand
clippers. This factor should be borne in mind when adapting research recommendations to 
the 'on-farm' situation. 

3.10.6 Estimating Pasture Mass from 'Fresh' Pasture 
Samples (Without Drying) 

This system incorporates a measurement and an estimate, so is less accurate than the 'cut and 
dry' technique described in Section 3.10.5, above. A similar 'fresh' sample is cut and 
weighed, but then the DM% is estimated, based on the 'type' of pasture being assessed- see 
Section 1.8.10, page A-166 for the relative DM% estimates (e.g., short, leafy, ryegrass I 
white clover pasture in spring is estimated to be 15 % DM). 

For a 0.25 m2 sample area, the calculations are the same as in Section 3.1 0. 5.1 above: 
'Fresh' weight (say 300 g) x DM percentage (15 %) x 40 (to convert to kglha) 

300 x 0.15 x 40 = 1 800 kg DM!ha 

Similarly, for a 0.1 m2 sample area, calculations are the same as in Section 3.10.5.1-

120 (g) x 0.15 (15 %) x 100 = 1 800 kg DM!ha 
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3.11 PASTURE GROWTH RATES FOR FEED BUDGETING 

3.11.1 Estimating Farm Pasture Production 

Feed budgeting (or planning) involves estimating pasture growth I production for the farm. 
Research information can provide the basis for these estimates. Information from various 
sources has been included in Sections 3.11. 2 to 3.11. 5 (see over page). 

Consultants and researchers can help farmers adapt this information to the 'on-farm' 
situation. Factors such as soil fertility, pasture species, slope and aspect must be taken into 
account. There are also computer programs available that can be used to predict pasture 
growth rates for the short-term future, based on soil temperature and moisture readings. 

However, records kept (by the farmer) of actual growth rates on the farm over a number 
of years are probably the best source of information for feed budgeting. 

Checking Estimates of Annual Production: 
Once an estimate has been arrived at, it can be checked by calculating the stocking rate of the 
farm and estimating the amount of pasture the stock must be consuming over a year: 

Example: 
A medium hill country sheep and cattle farm is carrying 10 stock units per hectare (see 
Section 1.11 for stock unit measures oflivestock types). One stock unit (SU) equates to 
about 550 kg of pasture DM/year. Therefore, the stock carried on one hectare must be 
consuming about 5 500 kg DM/year (10 x 550 kg). However, over a year, an estimated 
25% of the pasture grown is 'wasted', mainly due to senescence (decay) in the base of 
the sward. Therefore, only 75% of the pasture grown is utilised, so the annual per hectare 
production must be approximately 7 300 kg DM (see calculation below). Utilisation can 
vary from about 90 %(very high) to 50- 60% (very low). 

Calculation: 
DM consumedlha (5 500 kg) divided by the utilisation figure (75 %, or 0.75): 
5 500 + 0.75 = 7 333 kg of pasture DM is grown per hectare per year. 
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3.11.2 Pasture Growth Rates for New Zealand Sites 

3.11.2.1 Introduction 

• The first part of this section (pages C-50 to C-54) provides detailed Erowth rate 
information for a wide range of sites throughout New Zealand, for bollisheep (mainly) 
and dairy (some) pastures. Please re_ad Section 3.11.2.2, below. 

• The second part (pages C-55 to C-58) contains growth rate data specifically for dairy farm 
sites throughout New Zealand. These data have been provided by "Dexcel". 

• The third part (pages C-59 to C-62) contains growth rate data for a number of hill-country 
sites I environments. -

3.11.2.2 Growth Rate Data for Sheep (& some Dairy) Pastures 

See Tables 3.5 and 3. 6 (following pages) for data1 on average growth rates for many North 
and South Island sites. These data represent a unique resource for the New Zealand pastoral 
industry. 

The growth figures provide a guide for regions throughout New Zealand, but have limitations, 
as listed below. Despite these limitations, the figures will still be useful to indicate trends, and 
can be readily adapted to. suit modem pastures and management. 
Background information about the growth rate data: 

• They are specific to the research site, soil conditions and pasture composition. Details 
of the sites and management are provided in Appendix 15.5, page 0-34. 

• In most cases, the data was collected over 30 years ago. 
• Unless stated otherwise, growth rates were based on a 14-day cutting cycle. The 

difference in production caused by 14- and 28-day cutting cycles was measured at the 
South and Central Taranaki and Waerengaokuri sites. At all sites the annual yield was 
about 2.0 t/ha higher from the 28-day cutting regime. Thus for all sites, the annual 
production (based on a 14 day cycle) is probably an underestimate, particularly in the 
spring if pastures are allowed to produce seed-heads for conserving as hay or silage. 

1 Original data was published in the New Zealand Journal of Experimental Agriculture Vol. 2 onwards- J.E. 
Radcliffe eta! (1974), and the New Zealand Journal of Agricultural Research. 
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Table 3.5: Pasture Growth Rates· North lslland Sites (site details located in Appendix 15.5.1, page 0-34) 
(kilograms of dry matter grown per hectare per day) 

Site: Dargaville Helensville Rukuhia Manutuke Gisborne Maraekakuho 
(Hamilton) (Gisbourne) Hills (Hastings) 

Soil Type: Kaipara Red Hill Hamilton Recent Gisbome Takapau Light 

Clay Sand Complex Clay Loam Alluvial Soils Sandy Loam Silt Loam 

Example: 25 (:i: 12). Average figure is 25 kg/day Usual range* is from 13 to 37 kg/day. 

Month: 
Jun 25 (± 12) 17(±11) 8 (± 4) 18(±13) 10 (± 5) 10 (± 5) 
Jul 24 (± 9) 18 (± 12) 12 (± 7) 19 (± 8) 8 (± 4) 10 (± 6) 
Aug 33 (± ll) 29 (± 14) 32 (± ll) 33 (± 12) 14 (± 8) 20 (± 8) 

n Sep 50(± 16) 37(±15) 50(± 15) 47 (± 14) 25 (± 9) 40 (± 15) 
Vl Oct 58(± 15) 51 (± 17) 53(± 18) 47 (± 16) 46 (± 14) 40 (± 20) 
0 

Nov 63 (± 20) 50(± 20) 44(±21) 38 (± 17) 52(± 16) 13 (± 22) 
Dec 73 (± 25) 45 (± 24) 42 (± 24) 37 (± 20) 52(± 18) 14(±21) 
Jan 59(± 20) 32 (± 21) 17 (± 18) 29 (± 18) 52(± 13) 9 (± 14) 
Feb 61 (± 23) 29 (± 23) 21 (± 23) 30 (± 17) 38(±11) 13 (± ll) 
Mar 50(± 18) 31 (± 14) 21 (± 19) 32 (± 22) 39 (± 10) 15 (± 13) 
Apr 41 (± 21) 36(±15) 23 (± 13) 29 (± 14) 29 (± 9) 18 (± 14) 
May 32 (± 13) 26 (± 16) 13 (± 7) 24 (± 13) 15 (± 9) 18 (+ ll) 

Total**: 17150 12750 10200 11750 11550 6750 

Range*: 13550- 10400- 8000- 9050- 8390- 5550-
20750 15150 12400 14450 13340 7950 

*Range: Daily (yearly) production falls within this range in most (two out of three) years. 
**Total: Production per hectare per year (on average). 



Table 3.5 (continued): Pasture Growth Rates· North Island Sites (site details located in Appendix 15.5.1, page 0-36) 
(kilograms of dry matter grown per hectare per day) 

Site: Wairakei Wairakei Straiford Hawera Marton Bulls Masterton 
(flat site) (hill site) 

Soil Type: Atiamuri Oruanui Stratford Coarse Egmont Marton Rangitikei Katatau 

Sand Hill Soil Sandy Loam Brown Loam Silt Loam Loamy Sand Silt Loam 

Example: 4 (::t 3). Average figure is 4 kg/day. Usual range is from 1 to 7 kg/day. 

Month: 
Jun 4 (±3) 8 (± 3) 8 (± 4) II (± 4) 12 (± 6) 13 (± 12) 16 (± 5) 
Jul 5 (± 3) 7 (± 3) 8 (± 3) 12 (± 5) 13 (± 6) 5 (± 5) 16 (± 4) 
Aug 5 (± 3) 11 (± 5) 15 (± 8) 18 (± 8) 23 (± 9) 8 (± 4) 32 (± 8) 

n Sep 17 (± 12) 29 (± 9) 25 (± 7) 36 (± 8) 44 (± 12) 21 (± 7) 56(± 14) 

(J) 
Oct 30 (± 14) 45 (± 20) 42 (± 6) 46 (± 8) 47 (± 16) 27 (± 8) 70 (± 19) 
Nov 33 (± 13) 42 (± 12) 42 (± 10) 46 (± 7) 40 (± 20) 28 (± 16) 51(± 10) 
Dec 33 (± 20) 52(± 18) 43(±15) 44 (± 13) 43 (± 23) 22 (± 12) 30 (± 24) 
Jan 19 (± 20) 34 (± 22) 38 (± 14) 38 (± 22) 32(± 25) 17 (± 19) 15(±18) 
Feb 14 (± 15) 18(±16) 30 (± 13) 26 (± 23) 26 (± 14) 19(±10) 12(±18) 
Mar II (± 20) 24 (± 21) 34 (± I2) 30 (± 15) 29 (± I4) 15(±I3) 21 (±24) 
Apr 9 (± 7) 18 (± 8) 25 (± 8) 28 (± IO) 25 (± 11) I4(±11) 26 (± I8) 
May 8 (± 7) 13 (± 8) I4 (± 5) 20 (+ 5) I7 (+ 7) 15 (+ 14) 25 (+ 7) 

Total**: 5750 9000 9940 I0665 10850 6250 10900 

Range*: 4300- 7600- 7670- 6260- 8900- 5500- 8500-
7200 10420 11300 13600 I2800 7050 I3300 

*Range: Daily (yearly) production falls within this range in most (two out of three) years. 
**Total: Production per hectare per year (on average). 



Table3.6: Pasture Growth Rates· South Island Sites (site details located in Appendix 15.5.2, page 0-40) 
(kilograms of dry matter grown per hectare per day) 

Site: Westport Grey mouth Hokitika Motueka Winch more Winch more Lower Waitaki 
(Ashburton) [irrigated} Plains 

{dry land} {irrigated} 

Soil Type: Addison Ahaura Stony Hari Hari Rosedale Lismore Stony Lismore Stony Steward very 
'Pakihi' Silt Loam Silt Loam Hill Soil Silt Loam Silt Loam Stony Silt Loam 

Example: 11 (:1:6). Average figure is 11 kg/day. Usual range* is from 5 to 17 kg/day. 

Month: 
Jun 11 (± 6) 5 (± 3) 5 (± 3) 13 (± 5) 5 (± 3) 5 (± 3) 5 (± 2) 
Jul 10 (± 6) 3 (± 2) 3 (± 1) 17 (± 6) 5 (± 2) 5 (± 3) 5 (± 2) 

(j Aug 13 (± 7) 7 (± 3) 4 (± 2) 30 (± 8) 9 (± 3) 11 (± 4) 5 (± 2) 

Vl 
Sep 16 (± 5) 32 (± 5) 20 (±12) 58(± 21) 30 (± 8) 31 (± 10) 20 (± 5) 

N Oct 38 (± 14) 51(±12) 32 (± 14) 57(± 20) 37 (± 11) 40 (± 6) 50(± 10) 
Nov 55(± 15) 51 (±21) 50(± 23) 55(± 23) 27 (± 15) 41 (± 14) 65 (± 7) 
Dec 54(± 13) 34 (± 13) 32 (± 12) 36 (± 29) 19(±12) 48 (± 14) 62 (± 8) 
Jan 49 (± 17) 36 (± 14) 31 (±10) 15 (± 24) 13 (± 14) 48 (± 8) 54(± 6) 
Feb 40 (± 7) 35(±19) 33 (± 5) 14 (± 22) 14 (± 12) 43 (± 10) 48 (± 9) 
Mar 32 (± 5) 34 (± 15) 33 (± 10) 32 (± 31) 16 (± 10) 31 (± 10) 35 (± 8) 
Apr 21 (± 9) 21 (± 8) 20 (± 6) 30 (± 25) 14 (± 9) 20 (± 9) 26 (± 7) 
May 10 {+ 6} 8 {+52 10 {+52 16 {+ 7} 8 {+ 42 10 {+ 5} 9 {+ 3} 

Total**: 10900 9370 8100 11550 5850 10150 11500 

Range*: 10200- 7730- 5610- 9500- 4750- 9150- 10660-
11650 11620 11000 13600 6700 11200 12370 

*Range: Daily (yearly) production falls within this range in most (two out of three) years. 
**Total: Production per hectare per year (on average). 



Table 3.6 (continued): Pasture Growth Rates· South Island Sites (site details located in Appendix 15.5.2, page 0-43) 
(kilograms of dry matter grown per hectare per day) 

Site: Awamoko Windsor Palmerston Arrowtown Cromwell Poolburn 
(Oamaru) (Oamaru) [limited [irrigated] (Alexandra) 
[irrigated] irrigation] 

Soil Type: Georgetown Kauru Claremont Shotover Molyneux Linn bum 
Silt Loam Silt Loam Silt Loam Silt Loam Loamy Sand Sandy Loam 

Example: 4 (:!: 5). Average figure is 4 kg/day. Usual range* is from 0 to 9 kg/day 

Month: 
Jun sO 4 (± 5) 1 (± 2) 3 (± 3) 0 (± 0) 0 (± 0) 0 (± 0) 
Jul ~".I 4 (± 2) 2 (± 2) 4 (± 4) 0 (± 0) 0 (± 0) 0 (± 0) 
Aug 13 (± 6) 10(±12) 11 (± 11) 0 (± 0) 0 (± 0) 0 (± 0) 

(") Sep 45 (± 15) 25 (± 20) 27 (± 18) 19(±21) 16(±18) 15(±17) 
Vl Oct 72 (± 18) 44 (± 30) I 53(± 28) 48 (± 23) 39 (± 25) 24(±21) VJ 

Nov 74 (± 13) 31 (± 16) 55(± 25) 66 (± 20) 48 (± 23) 17(±12) 
Dec· 64(±19) 28 (± 17) 39 (± 15) 58(± 15) 52(± 26) 12(±19) 
Jan 62 (± 23) 23 (± 14) 28 (± 17) 56(± 12) 42 (± 16) 12(±10) 
Feb 53(± 15) 15 (± 15). ' o, 

' 20 (± 14) 54(± 32) 35 (± 11) 7 (± 7) 
Mar 48 (± 18) 18 (± 15) 2 25(±19) 42 (± 12) 27 (± 11) 7 (± 9) 
Apr 29 (± 13) 13 (± 11) I (, "\ 13 (± 14) 19(±10) 13 (± 7) 5 (± 6) 
May3! 15 {± 14) 6 {±52 7 {± 9) 3 {± 2) 3 (± 3) 1 (± 3) 

Total**: 15073 6583 8824 10850 8300 2800 

Range*: 10410- 2546- 8880- 6700- 770-
19180 13264 12180 9900 4570 

*Range: Daily (yearly) production falls within this range in most (two out of three) years. 
**Total: Production per hectare per year (on average). 



Table 3.6 (continued): Pasture Growth Rates- South Island Sites (site details located in Appendix 1 5.5.2, page 0-45) 
(kilograms of dry matter grown per hectare per day) 

Site: Otago Hindon Taieri Taieri Mona Winton 
Plateau (Dunedin) Plain Hill Bush 

(Alexandra) (Dunedin) (Invercargill) (lnvercargill) 

Soil Type: Teviot Wehenga Alluvial Warepa Waikiwi Otapiri 
Silt Loam Silt Loam Soil Series Silt Loam Silt Loam 

Example: 2 (:t4). Average figure is 2 kg/day. Usual range* is from 0 to 6 kg/day 

Month: 
Jun 0 (± 0) 2 (± 4) 5 (± 2) 5 (± 4) 6 (± 2) 8 (± 6) 
Jul 0 (± 0) 2 (± 4) 5 (± 2) 5 (± 4) 5 (± 3) 9 (± 4) 

n 
Aug 0 (± 0) 2 (± 4) 12 (± 5) 9 (± 5) 8 (± 3) 10 (± 6) 
Sep 1 (± 2) 15(±14) 32 (± 12) 25 (± 10) 35 (± 15) 26 (± 14) 

VI Oct 18 (± 8) 35(±15) 55(± 16) 46 (± 16) 35 (± 17) 53(± 14) .j:>. 

Nov 20 (± 6) 58(± 23) 49 (± 19) 47(±18) 70 (± 32) 54(±19) 
Dec 16 (± 7) 43 (± 21) 47(±18) 44 (± 20) 69 (± 25) 54(± 24) 
Jan 14 (± 8) 36 (± 21) 40 (± 17) 36 (± 18) 58(± 13) 53(± 20) 
Feb 8 (± 8) 32 (± 22) 33 (± 13) 28 (± 16) 58(± 20) 51 (± 29) 
Mar 7 (± 7) 25 (± 23) 29 (± 12) 24 (± 14) 49 (± 14) 42 (± 17) 
Apr 0 (± 0) 23 (± 18) 18 (± 9) 16 (± 9) 31 (± 13) 26 (± 12) 
May 0 (± 0) 7 (± 8) 8 (± 8) 9 (±52 10 (± 5) 13 (± 9) 

Total*: 2540 8820 10400 8900 14600 12000 
Range**: 1520- 7520- 8800- 6500- 11850- 9700-

3830 12760 12000 11100 17350 14300 

*Range: Daily (yearly) production falls within this range in most (two out of three) years. 
**Total: Production per hectare per year (on average). 



3.11.2.3 Dairy. Farm Pasture Growth Rates 
(Source: Dexcel Monitor Farms and Research) 

Editor's Note: A feed budgeting program for dairy farmers, called "FeedPlan", contains 
pasture growth rate data for many locations in New Zealand. This program is located on the 
"Dexcel" web-site: www.dexcel.co.nz 

Northland 
Puketona (1992- 2001) 

• Total Production: 
- 15 460 kg DM!ha/year on Waiotu friable clay, high fertility, 'new' ryegrass 

pasture. 
- 15 720 kg DM/ha!year on Waiotu friable clay, high fertility, 'old' kikuyu pasture. 

• Daily Growth- approximate figures (kg DM!ha/day): &I!Iui TA;;giS.;J;TQ~;c-NO~T neo: ' 
Jjj~:r~rJ:~t 1-:~~ : · -' 

Dargaville (1996- 2001) 
• Total Production: 

- 16 920 kg DM!ha/year on Kaipara clay, high fertility, 'old' ryegrass pasture. 130 kg 
Nlha/yr 

- 19 640 kg DM!ha/year on Kaipara clay, high fertility, 'old' kikuyu pasture. 130 kg 
N/ha/yr 

• Daily Growth- approximate figures (kg DM/ha/day): 

~i4[f~1i~t~~f~~~ 27 ! 33 ! 28 ' 38 
.... ······+····················; ···················•··········· ····; 

57 ! 70 ! 52 42 . 

South Auckland 
Pukekohe (1998- 2000) 

• Total Production- 13 660 kg DM!ha/year 

Waikato and Bay of Plenty 
Pongakawa (1994- 2000) 

• Total Production- 15 990 kg DM!ha/year 
• Daily Growth - approximate figures (kg DM/ha/day): 

I ~~~h=: :Itt:Il~:Ift.~I~~~~~~~I~f~I~t~Ix~ l¥~~ IM~IAPiiM~Yl 
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Opotiki (1990- 2000) 
• Total Production - 16 110 kg DM/ha/year 
• Daily Growth- approximate figures (kg DM/ha/day): 

Month: 
Growth: 

Ruakura (1980- 2001) 

Jun Jul 
16 20 

Aug Sep 
28 ' 49 

• Total Production- 16 420 kg DM/ha!year 
• Daily Growth- approximate figures (kg DM/ha/day): 

Month: , Jun Jul Aug Sep ' Oct ; Nov Dec 
Growth: ; 24 25 27 52 73 70 : 64 

Galatea (1991 - 2000) 
• Total Production- 14 340 kg DM/ha!year 
• Daily Growth- approximate figures (kg DM/ha/day): 

Month: Jun Jul , Al!g . Sep ; Oct Nov Dec 
Growth: 9 9 20 49 68 62 54 

Taranaki 
Kaponga (1995- 1997) 

• Total Production - 15 490 kg DM/ha/year 
• Daily Growth- approximate figures (kg DM/ha/day): 

Month: Jun Jul Aug .. 
Growth: 13 14 ' 22 

Hawera (1990- 2001) 
• Total Production: 

Jan Feb Mar 
51 45 ' 40 

Jan Feb Mar 
47 46 ' 45 

- 15 250 kg DM/ha!year. High soil fertility; 'old' ryegrass pasture. 
• Daily Growth - approximate figures (kg DM/ha/day): 

Apr May 
' 39 32 

Apr May 
36 30 

Apr May 
36 24 

Month: Jun ' Jul Aug, Se]J ; Oct Nov Mar Apr May 
Growth: 10 10 , 29 ... 63 ., 92 75 :36 32 ' 18 

Manawatu 
Massey (1973- 1976; 'standardised to 1998} 

• Total Production: 
- 18 400 kg DM/ha/year. Free draining, high fertility soil; 'old' ryegrass pasture. 

e Daily Growth- approximate figures (kg DM/ha/day): 

Month: 
Growth: 

Jun 
19 

Jul Aug. Sep , Oct 
19 35 71 89 
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Nov Dec Jan Feb Mar Apr May 
86 86 62 45 37 38 19 



Massey (irrigated) 
• Total Production- 20 150 kg DM/ha/year 
• Daily Growth- approximate figures (kg DM!ha/day): 

t~~;~~~--H~~+~~-+~+~6p_i-~t! ~L _l~~~j-

Wairarapa 
Eketahuna (1991 - 1994) 

• Total Production- 12 330 kg DM!ha/year 
• Daily Growth- approximate figures (kg DM/ha/day): 

Month: 
L G!:owt!I_:__~; __ 

Greytown (1991 - 1994) 
• Total Production- 9 130 kg DM!ha/year 
• Daily Growth- approximate figures (kg DM/ha/day): 

!:~~~~~ __ [}~~:II~~-:I:t¥~I:~r-

Tasman 
Takaka (1990- 2000) 

• Total Production: 
- 14 190 kg DM/ha/year. High soil fertility, ryegrass pasture. 60 kg N/ha/yr. 

• Daily Growth- approximate figures (kg DM/ha/day): 

May 
19 

t~!~li~=-t·i~~--Ef}JT~]_j-~PJ~i~_l-~ri~:~fJ~~~]~t]-~t_ J~~i 

Nelson (1994- 1997) 
• Total Production: 

- 13 420 kg DM!ha/year. 
• Daily Growth 

- approximate figures (kg DM!ha/day): 

I:~~~~:~~~~~~I:I!~~:I~i~I~~t~]:~~~]~W.i~I~~~~I1~-Jj~~]~fi~~~~I¥{~! 

: 
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Westland 
Westport (1995- 1997) 

• Total Production- 14 270 kg DM/ha/year. 
• Daily Growth- approximate figures (kg DM/ha/day): 

ii\,1~;; 
rowth: 15 ;}~--~~~t-~:LY~~Jj~~f 55 

Whataroa (1994- .1997) 
• Total Production: 

- 11 160 kg DM!ha/year. Whataroariver soil, high fertility. 'Old' ryegrass pasture. 
• Daily Growth- approximate figures (kg DM!ha/day): 

1-i\f~;;!h:------n~~--rf~i-T-A.~g[~. --·, ··-· _ 
! Growth: i__z___j_5 _ __ll2 · · 

Canterbury 
Lincoln (1990- 2001) 

• Total Production: 
- 12 290 kg DM!ha/year. Temuka clay loam, high fertility. Irrigated. 'Old' ryegrass 

pasture. 150 kg N/ha/yr. 
• Daily Growth- approximate figures (kg DM!ha/day): 

Southland 
Tapanui (1998- 2001) 

Ryegrass pasture. 
• Total Production- 12 690 kg DM/ha/yr. 
• Daily Growth- approximate figures (kg DM/ha/day): 

~~~=r~~ ~-J~~-lt;~: ~JJ;t ~-~A-¥~~~i~;;·r~r1~iJ 

Winton (1998- 2001) 
Ryegrass pasture. 

• Total Production- 14 190 kg DM/ha/yr 
• Daily Growth- approximate figures (kg DM!ha/day): 

I M<mth: -~ Jun : J~i -Aug-: Sep: _O~t __ :_No~ ~ r)~~: _ _Jait 1j_F_~p fM~ i -Apr May· 
'Growth: _ _q __ 6_ -~ ~-~---; __ '!2 _______ ~~--:.5..± ]__5_5 __ · __ 56 _ ±2 _!42_[_~7 -~}4. 
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3.11.2.4 Hill Country Pasture Growth Rates 
(Note. See also Section 3.11.2.2) 

Editor's Note: Meat and Wool Innovation (www.mwi.co.nz) have a national pasture growth 
monitoring programme called "Pasture Plan". Sheep farmers throughout New Zealand are 
regularly measuring pasture growth. Some of these sites are on hill country. The summarized 
results are available at the web-site (see above, and search on 'Pastureplan'). Farmers 
wishing to use the growth rate data should first check the "individual farm profile" (on the 
web-site) for details about soil fertility, type of pasture, topography, etc. 

North Island Hill Country Pasture Growth Rates 

North Island hill soils: 
• Total production: 

- about 11 400 kg DM/ha/year on Ash soils; 
- 8 200 kg DM/ha/year on Greywacke soils. 

• Daily Growth- approximate figures (kg DM/ha/day): 

Month: 
Growth: 
Ash 

'Average Northern North Island' hill soils: 
• Total production- approximately 8 200 kg DM!ha/year. 
• Daily Growth- approximate figures (kg DM/ha/day): 

J\pr. May 
10 15 

Manawatu improved (deveiopedj hill country pasture: 
• Total production- about 8 000 kg DM!ha/year. 
• Daily Growth- approximate figures (kg DM!ha/day): 

]45 
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South Island Hill and High Country Pasture Growth Patterns 
Note: See also Section 3.11.2. 

Pasture production and growth patterns for a variety of South Island hill and high country 
environments are stylised in Figures 3.1 to 3. 4: 

Figure 3.1: Dry I Cold Conditions 
(Low Production) 

Relative Dally Growth Rate 

Jul Aug Sap Oct Nov Dec Jan Feb Mar Apr MayJun 

Figure 3.3: Cold I Wet Conditions 
(Medium Production) 

Relative Growih Rate 

Jul Aug Sap Oct Nov Dec Jan Feb Mar Apr May Jun 

Figure 3.2: Dry I Warm Conditions 
(Medium Production) 

Relative Growth Rates 

Jul Aug Sap Oct Nov Dec Jan Feb Mar Apr May Jun 

Figure 3.4: Warm I Wet Conditions 
(High Production) 

Relative Growth Rate 

Jul Aug Sap Oct Nov Dec Jan Feb Mar Apr May Jun 
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Semi-developed Hill Pastures 

Effect of Development (Improvement) on Hill Pasture Production: 

State of Total 
Pasture Kilograms ofDM per hectare produced in: Year 
Improvement: Winter Spring Summer Autumn DM: 

Unimproved 170 (3 %) 2240 (40 %) 2410 (43 %) 780 (14 %) 5600 

Improved 940 (8 %) 5670 (48 %) 3300 (28 %) 1890 (16 %) 11800 

High Improved 1810 (12 %) 6640 (44 %) 4380 (29 %) 2270 (15 %) 15100 

Note I: Unimproved pastures produce significantly less feed through the 
critical cool season. 

Note 2: In some development situations, annual production may be less than a 
quarter of that of fully developed pastures- see also 'Influence of 
Environment' (next page). 

Unimproved Manawatu Hill Pasture: 
• Total production: 

-about 5000- 5600 kg DM!ha/year 
• Daily growth: 

- approximate figures: (kg DM!ha/day): 

Impact of Sunny I Shady Aspect on Hill Pastures 

Impact on Annual Production: 
Whether the paddock faces to the north or south ('sunny' or 'shady') can have a large 
influence on annual pasture production. Sunny paddocks will tend to produce more 
pasture per year (than shady) in districts that have adequate rainfall through the main 
growing season, but less in districts prone to summer dry conditions. The difference in 
total production per year between sunny and shady paddocks can range from nil to 100 %, 
depending mainly upon the relative differences in soil moisture and temperature levels. 
See Table 3.6 (next page) for examples. 

Impact on Seasonal Production: 
Sunny paddocks tend to produce comparatively more pasture (than shady) through the 
late autumn I winter I early spring months. Conversely, shady paddocks tend to produce 
comparatively more pasture (than sunny) through the late spring I summer I early autumn. 
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Table 3.6: Annual Production from 'Improved Pasture' on North and South Aspects 

Site: 

Whatawhata, Hamilton* 
Te Kuiti* 
Te Awa, Palmerston North 

(Suckling 1959) 
* Coopers Creek, Oxford 

Hunua, North Canterbury 
(White, unpublished) 

*Radcliffe, 1971. 

Influence of Slope I Steepness on Hill Pastures 

Figures are kg DM/ha/yr 

North 
(Sunny) 

9960 
4530 

9740 
2370 

2100 

South 
(Shady) 

9940 
3880 

9070 
4220 

4190 

Rainfall 

1600 mm 
1450 mm 

1060 mm 
1070 mm 

650-750 mm 

Pasture production on hill country is closely related to the steepness of the paddock, and 
is complicated by the effect of stock transferring fertility from the steep sidelings to 'easy' 
stock camp areas. 

• In one trial, pasture production was 14 800 kg DM/ha/yr on the stock camps, but only 
8 200 kg DMiha/yr on the steepest parts of the same paddock. 

• From a north-facing paddock at Whatawhata (Hamilton), annual production per 
hectare varied as follows: 

Stock camp 250 slope 450 slope 

11100 kgDM 8 600 kg DM 5 400 kgDM 

Influence of Environment 

Measured pasture production on hill country has ranged from as little as 1000 - 2000 kg 
DMiha/yr through to 15 000 kg or more. Production is related to the harshness or 
kindness of the environment (as measured by altitude I temperature, rainfall I moisture, 
wind I exposure, soil conditions), as well as by pasture species, grazing management, and 
fertiliser applications. 
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3.12 Pasture Growth and Management 
(Source: M.A.F.) 

The S-shaped pasture growth curve (Figure 3.5) shows the three phases of regrowth after 
grazing: 

Phase 1 is the slow growth phase after very hard grazing. Most of the leaf has been eaten and 
the amount of photosynthesis is low because much of the sunlight is falling on bare ground or 
dead leaves. 
Phase 2 is the period of most rapid growth. Most sunlight falls on green leaf and 
photosynthesis is high. This phase may be delayed after hard grazing (as above), but it can 
start almost immediately after light grazing. 
Phase 3 is the period when accumulation of grass slows as the pasture length increases and 
more leaves become shaded. The death rate of plant tissue at the bottom of the sward starts to 
increase, and in some cases may exceed the rate of plant growth. The proportion of dead and 
low quality feed becomes high. (See also Figure 3.6, over page). 

Figure 3.5: 

Pasture 

Mass 

(kg DM/ha) 

Pasture Regrowth After Grazing, Showing Three Phases of Growth 

3000 I 

2500 

.2000 

1500 

1000 

0 2 4 6 

Weeks 
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Figure 3.6: Effect of Pasture Mass on the Rates of Pasture Growth, Decay and Net 
Production 

Pasture Growth 
/Production 
(kg DM/ha) 

200 

Pasture Mass (kg DM/ha) 

New Pasture Growth 

8lB Decay 

- Net Pasture Produced 

Implications for Grazing Management: 

Keeping the pasture closely grazed can quite severely reduce pasture growth rates. These 
effects are minimal when pasture mass is 1000 kg DM!ha or greater, but below that level, the 
reduction in growth rates can be significant. For example, at a pasture cover of 800 kg 
DM/ha, pasture growth is only 85 % of the potential, and at 600 kg DM!ha, is less than 70 % 
of the potential. Therefore, if pastures are grazed down below 1000 kg DM!ha, they need an 
adequate spell from grazing to allow them to recover to above 1000 kg DM!ha. This avoids a 
prolonged reduction in pasture growth. 

On the other hand, when pasture mass reaches 2300 kg DM!ha, the loss of pasture through 
decay becomes significant and may exceed new growth. 
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3.13 IDENTIFICATION OF GRASSES AND CLOVERS 

3.13.1 Grasses (Reference: Lambrechtson N.A. "What Grass is That?') 

Name of Grass Growth Ligule Auricle Hairs Basal leaves Special look for these Points 
Habit Sheath In Bud Botanical 

Features 
Perennial Tufted Short Present Absent Red Folded Leaves dull Red basal sheath, folded 
Ryegrass Blunt above, glossy leaves in bud. 

below. 

Italian Tufted Medium Present Absent Red Rolled Lower leaf Red basal sheath, rolled 
Ryegrass surface very leaves in bud. 

glossy. 
() '·. Tall Fescue As for Italian Ryegrass, but coarser throughout. Edge of leaves rough. 0'1 
Ul 

Crested Tufted Short Absent Absent Yellow Folded Leaves dull Yellow basal sheath. 
Dogstail Blunt above, glossy 

below. 

Meadow CU* Short Absent Absent Chocolate Rolled Dark Green. Chocolate basal sheath. 
Foxtail Early spring 

grower. 

Yorkshire Fog Tufted or Ragged Absent Present White Rolled Pale green thin Red veins on white 
CA** sheath, red soft hairy basal sheath. 

vems. leaves. 

* CU =Creeping underground stems; ** CA =Creeping above. 



Name of Grass Growth Ligule Auricle Hairs Basal Leaves Special Look for these Points 
Habit Sheath In Bud Botanical 

Features 
Timothy Tufted Long Absent Absent White Rolled Swollen base to Swollen base to 

stem, blue-green stem. 
leaves. 

Cocks foot Tufted Variable Absent Absent White Folded Very flat shoot. Very flat shoot, 
hairless. 

Poa trivia/is CA** Long Absent Absent White Folded Two white lines Creeping above 
down centre of ground, two white 
leaf, leaf shiny lines on leaf. 
below. 

(J Poa pratensis CU* Small or Absent Absent White Folded Two white lines Creeps below ground 
0\ Absent down centre of (rhizomatous), lines 
0\ 

leaf. Leaf semi on leaf. 
glossy below. 

Poaannua CA or tufted Large Absent Absent White Folded Indistinct lines Creeps above 
down centre of ground, no rhizomes; 
leaf, leaf dull dull, short blades. 
below. 

* CU = Creeping underground stems; ** CA = Creeping above. 



Name of Grass Growth Ligule Auricle Hairs Basal Leaves Special Look for these Points 
Habit Sheath In Bud Botanical 

Features 
Danthonia CU* Small Absent Present White Folded Long narrow leaf. Narrow long leaf, 

Pilosa (slight) Tufts of long hairs hairs at collar. 
at the collar. 

Sweet Vernal CU or tufted Large Absent Present White Rolled Sweet smell, tufts Sweet smell, hairs at 
of long hairs at collar. 
collar. 

Doabor CA ** Hairy Absent Present White Folded Grows on light dry Creeps above ground, 
Bermuda Grass soils. Tufts or long hairs at collar. 

hairs at the collar. 

Paspalum cu Long Absent Present White Rolled Broad reddish Red leaves, swollen 
(") leaves, long hairs stem, hairs at collar. 

0\ at collar. Stem 
--..J swollen at base. 

Browntop CA,CU Short Absent Absent White Rolled Leaf rough from tip Small ligule, rough 
to base. leaf. 

RedTop CA,CU Long or Absent Absent White Rolled Leaf rough from tip A twitch. Larger 
medium to base; a twitch. ligule, rough leaf. 

* CU = Creeping underground stems; ** CA = Creeping above. 



Name of Grass Growth Ligule Auricle Hairs Basal Leaves Special Look for these Points 
Habit Sheath In Bud Botanical 

Features 

Creeping Bent CA** Long Absent Absent White Rolled Leaf rough from Pointed ligule, rough 
pointed tip to base, long leaf. Creeps above 

pointed ligule. ground. 

Old Man Twitch CU* Short Present Present White Rolled Leaves coarse Twitch with a hairy 
sheath hairy; a bad sheath. 
twitch. 

Prairie Grass Tufted Large Absent Present White Rolled Broad light green Very hairy sheath, 
leaves, very hairy light-green broad 
sheath. leaves. 

() Floating Sweet CA Long Absent Absent White Folded Leaf broad, soft Weak creeping when 

0\ Grass & white and dull green. growing in shallow 
00 

Leaf edges rough water. 
near tips. 

Phalaris CUor White, Absent Absent Often Rolled Leaf 10 - 40 em Very pronounced 
tuberosa Tufted 12mm pink. long, 6- 18 mm ligule. 
(syn. aquatica) long, wide. 

tapers to a 
blunt end 

Barley Grass Tufted Short, Present Present White Rolled Leaf hairy on both Auricles, hairy 
blunt surfaces. Upper leaves. 

leaf sheaths may 
be hairless. 

* CU = Creeping underground stems; ** CA = Creeping above. 



Name of Grass Growth Ligule Auricle Hairs Basal Leaves Special Look for 
Habit Sheath In Bud Botanical these Points 

Features 
Tall Oat Grass Tufted Blunt, Absent Present White Rolled Leaf long and Roots chrome yellow. 

medium narrow with hairs 
in parallel lines. 
Leaf sheath may 
be sparsely hairy. 

Ratstail CU* Absent Absent Present White Rolled Leaf sheath hairy Two tufts of hairs 
Tufted on upper part. where auricle 

Leaf dark green normally rises. 
and narrow, hairy 
on lower margins. 

(') 
Chewings cu Absent Absent or Absent Pink Folded Leaves 

0\ Fescue Tufted short & permanently "' blunt rolled. 

Coarse Grass Tufted Thin, short Absent Present White Rolled Leaf thin and 
& slightly covered with fine 
ragged hairs. Leaf sheath 

covered with long 
soft hairs. 

* CU = Creeping underground stems; ** CA = Creeping above. 



3.13.2 Identification of Clovers 
(Reference: Healy "Identification of Weeds and Clovers".) 

Name of Clover Growth Stipule Hairs Leaf Shape Flower Special Look for 
Habit & Markings Botanical These Points 

Features 
Red Clover Mainly Large and attach- Usually Leaflets oval Reddish Leaflet veins Oval leaflets, 

upright. ed to the stem for very with white Purple. much branched densely hairy on 
most of its length. hairy. markings on towards edge of the back. 
Noticeably veined. upper surface. leaf. 

Alsike Erect. Green, with free Absent. Leaflets Pink or Veins on Upright 
ends drawn out to toothed and almost leaflets growing, 
a long point. obtuse at the white. sparingly without hairs. 

n apex. branched near 

-.1 
the edge ofthe 

0 leaf. 

White Clover Prostrate. White, Absent. Leaflets heart Usually Moderate Spreads over 
membranous. shaped. white, turn branching of ground, stems 

brown with leaflet veins at rooting at the 
age. ends. nodes. Hairless. 

Caucasian Clover Erect. Membranous. Absent. Leaflets oval Large No stolons. Oval leaves, 
with white flower, Dense hairless, no 
markings on white to underground stolons. 
upper surface. pink. rhizome mass. 



Name of Clover Growth Stipule Hairs Leaf Shape Flower Special Look for 
Habit & Markings Botanical These Points 

Features 
Suckling Clover Generally Broad green and Stems and Leaflets Small yellow Veins in Slender small 

prostrate pointed. Hairy on leaves broadest near flowers with leaflets leafed clover 
except where the margin. slightly the tip. 12 or more unbranched. much branched 
supported by hairy. Central leaflet florets which at the base, 
other is stalked. tum brown on central leaflet 
vegetation. fading. stalked. 

Strawberry Prostrate. Similar to white Absent or Leaflets White with Leaflet veins Strong over-
Clover clover but larger only sparsely usually oval. pinkish tinge close spaced ground stems 

and veining more present on swollen after and curving rooting at the 
prominent. upper part of flowering. towards edge. nodes. 

leaf stalk. 
n 
-J Subterranean Prostrate. Broad with Present on Leaflets Usually 2-3 Leaflet veins Hairy prostrate 

Clover membranous leaves and usually heart florets, white few in number clover with 
edges stems, shaped and or pale pink. but branched dark leaf 
indistinctly particularly dark markings Turndown to slightly towards markings. 
veined. on on upper the soil after edges. 

under-side surface. flowering. 
of leaflets. 



Name of Clover Growth Stipule Hairs Leaf Shape Flower Special Botanical Look for 
Habit & Markings Features These Points 

Clustered Clover Short but long Usually Leaflets egg Small and pink Leaflet veins A slender, 

pointed and hairless. shaped. flower, stalk unbranched. hairless 

toothed. absent. clover with 
egg-shaped 
leaflets and 
toothed 
stipules. 

Striated Clover Prostrate to Broad but ending Conspicuou Leaflets egg Small and pink Leaflet veins A slender, 
ascending. in a fine point. sly hairy. shaped. stalkless heads branched. hairy clover 

at end of stems with egg 
in angles of shaped 
leaf stalks. leaflets. 

n 
-...] Haresfoot Trefoil Erect. Narrow, long Hairy. Leaflets long Silky round or Little or no An upright 
N 

pointed, reddish. and narrow. elongated branching in stemmyand 
flower head. leaflet veins. hairy clover 

with narrow 
leaflets. 

Sweet Clover Erect. Narrow and Almost Leaflets egg Flower head Veins straight Upright 
sharp pointt::d. hairless. shaped, longest spike. and almost clover with 

stalk on central Cultivated type unbranched. narrow 
leaflet margin white, wild stalked 
toothed. varieties leaflets. 

yellow. 



Name of Clover Growth Stipule Hairs Leaf Shape Flower Special Botanical Look for 
Habit & Markings Features These Points 

Lotus Major Weak, Replaced by Sparsely Oval and 5-12 florets in Few leaflet veins. 
partly erect two leaflets hairy. pointed. the flower. Rich Rather straggly, 
growth. with Middle leaflet yellow. branching clover 

mid-ribs. stalk the with paired 
longest. stipules. 

Lotus Hispidus Mainly Similar to Very Usually smaller 2-4 florets in the Leaflet veins few Very hairy with 
Erect. lotus major. hairy. than lotus flower. Yell ow. and straight. paired stipules. 

major. 

Burr Clover Prostrate to Large with Usually Leaflets egg 2-9 florets, Leaflet veins Rather prostrate 
ascending. fine hairless. shaped. yellow. straight with very clover, central 

conspicuous Sometimes a little branching. leaflet on longer 
n II teeth. black spot on stalk and finely 
-.] each leaflet. divided. 
w 

Margin toothed 
at free end. 

English Trefoil Prostrate Broad and Hairy. Leaflets heart Round flower Leaflet veins Prostrate hairy 
or Black Medic with tapering and shaped. Mid rib head. Yellow straight, with very clover. Leaflet mid 

ascending generally extends beyond petals fall with little branching. rib extending 
tips. toothed. leaf tip. age. beyond edge of 

leaflet. 
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Note: 
Before reading this section, please refer to the 'disclaimer' in the Preface of this Manual. 

D- 2 



4.1 FORAGE CROPS 
(Contributed by W.R. Scott, Plant Sciences Group, 
and P.H. Fleming, Farm Management Group, Lincoln University) 

4.1.1 Introduction 

Crop Yields and Wastage 
The yield estimates of crops in this section do not account for any wastage that may occur at 
feeding off. Depending on the type of crop, grazing method and weather conditions, wastage 
can commonly range from 20% to 60% (that is, only 40% to 80% of the crop is utilised by 
the stock). 

Stock Health Problems on Forage Crops 
Time Factor: It takes time for stock to adapt to a change in diet. To reduce digestive 
upsets, the crop should be introduced gradually (over a week or more, giving only a small 
daily break) to the animal's diet. 
The risk of health problems can be reduced by restricting grazing to one to two hours per 
day (less than this initially), making sure that the diet is balanced, by feeding out hay with 
the crop for example, and by watching stock closely. 
Feed Poisoning and other stock health problems: See Section 2.5, from page B-46 to 57 
(particularly pages B-56 & 57). 
Clostridial Diseases: Clostridial vaccination of young cattle may be worthwhile where 
intensive grazing of winter feed crops is undertaken. See Section 2.4.2.2, page B-34. 

Further Information 
In addition to the detailed information provided in this section, further information about 
various crop-related topics can be found in other parts of the Manual: 

Weed and Pest Control: Further data can be found in Section 5. 2 on pages E-7 to 12, 
E-32 & 33, and Section 5.3 on pages E-45 to 62. 
Nutritive Value: The nutritive value of specific forages is presented in Section 1. 8.1 0, 
page A-166. 

4.1.2 Brassica Crops 

4.1.2.1 Introduction 
The Editor thanks Cropmark Seeds Limited for the provision of information about brassicas 
generally, and about various brassica cultivars I varieties (see tables on pages D-7 to 9, etc.). 
The tables were compiled in January 2002 from information provided by a range of New 
Zealand seed companies (see Section 4.1. 7, page D-18, for further details). 

Sowing Brassicas 
Brassicas require a fine, firm, warm, moist seedbed, are best sown after pasture, but may 
follow a crop. 

A major advantage of sowing brassicas in general is the very low sowing rate and seed 
cost. Due to the small seed size brassica seeds should be sown no deeper than about two 
centimetres. 

If succeeding a previous brassica crop, club-root resistant varieties should be considered. 
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Fertiliser and Lime for Brassicas 
As phosphate deficiency is widespread in New Zealand soils, brassicas are usually sown with 
a phosphatic fertiliser. Avoid mixing acid fertilisers with the seed as germination damage may 
occur. Where mixing is necessary, such as when broadcasting from a bulk fertiliser spreader, 
it is advisable to use either lime-reverted superphosphate or "Longlife" fertiliser. 

If sowing out of high producing pasture there is normally no need to apply nitrogen 
fertiliser. 

While some sulphur may be beneficial, high rates may increase the levels of undesirable 
chemical substances in the plant, reducing animal intakes and performance. 

Brassicas prefer a soil pH above 5.5, so the soil should be limed to this level. Lime may 
help reduce the incidence of the fungal disease called club-root (see below). Overliming, 
however, may induce a deficiency of boron in the soil. In root crops this causes the disease 
called 'brown heart', resulting in poor keeping quality. Brown heart can be prevented by 
using borated superphosphate, but this should not be mixed with the seed. 

Weed Control in Brassica Crops 
A pre- or post-emergence herbicide is generally recommended. Choice of herbicide depends 
on the individual situation and the type of weeds present - see Section 5. 2.16, page E-32. 

Ideally, weeds should be controlled by cultivation before sowing and subsequently 
through competition from the crop. Ridged crops may be inter-row cultivated for weed 
control (see Section 4.1.2.2, over page). 

Pests and Diseases in Brassica Crops 
Pests 
Insects such a springtails, aphids and Nysius fly may kill emerging brassica seedlings, 
especially where growth is slow under hot, dry conditions. Systemic insecticides give very 
good control and have greatly reduced the pest problem in dry eastern areas. These chemicals 
are drilled in the soil with the seed, are absorbed by the seedling and translocated to the aerial 
parts. Insects eating such plants receive a lethal dose of chemical orally. The chemicals give 
several weeks protection- see Section 5.3.12, page E-57 & 58. 

An additional factor to consider is the time at which grass-grub beetles fly. The beetles eat 
all brassicas at the cotyledon stage, so in districts where grass-grub is a problem it is 
necessary to sow after or before the flights, so crops are at least at the two leaf stage when the 
beetles fly. 

Other insect pests such as diamond-back moth and white butterfly larvae may attack 
brassica crops, but they are usually kept in control by biological control agents and tolerated 
by the crop unless conditions are very dry. 
Diseases 
The main disease ofbrassica crops is club-root. This soil-borne fungus infects the root system 
causing stunted, distorted root growth which reduces yield and ease of utilisation. Strategies 
to assist control of club-root include crop rotation (keep successive brassica crops at least five 
years apart), liming the soil to pH 6 and use of club-root resistant cultivars. 

Animal Health Cautions (see also Section 4.1.1, page D-3). 
Brassicas have high feed quality, but animal performance can be restricted due to stock health 
problems. Brassicas should be introduced to the animal diet slowly, with no more than two
hour grazing intervals per day initially. Stock may take up to four to five weeks to adjust to a 
largely brassica diet, and performance may suffer initially, unless a balance of other feed such 
as hay is given. 
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Nitrate poisoning commonly occurs after periods of drought, but plants may be tested 
prior to grazing (see Section 2.5.13, page B-56). 
Kale anaemia, caused by excess SMCO* levels, can lead to poor stock performance. 
Some newer varieties of kale have lower SMCO levels. Feeding hay or straw to stock 
on brassica crops helps alleviate nitrate poisoning and kale anaemia problems. 
(*SMCO is an amino acid that is found in brassicas.) 
Rape 'scald' can be prevented by delaying feeding until the crop is mature. 
Brassica crops contain goitrogenic substances which affect the metabolism of iodine 
in stock. This is particularly so with kale (see Section 2. 7. 5, page B-7 5). 
Tainting of the milk can be an issue on dairy farms. To minimise this effect, milking 
cows are usually fed brassica crops immediately after milking, then fed a 'non
tainting' forage later on. 

4.1.2.2 Root Crops- Turnips and Swedes 
Root crops provide greater resistance to aphid than rape crops, but are more sensitive to 
deficiencies of boron, particularly in wetter years or if over-liming has occurred. Affected 
bulbs show 'brown heart' symptoms. 
Crop Establishment 
Turnips are generally drilled in 15 em rows if a drill is available. If broadcast, the seed is 
harrowed in. (See over page for time of sowing of turnips.) 

Swedes are usually sown in November to early December. In wet, cool areas, swedes are 
normally sown with a ridger. This machine places the seed on the top of ridges 66 em apart, 
incorporates acid-type fertiliser well under the seed and places 'drilling' super with the seed. 
Apart from this advantage of fertiliser placement, growing swedes in ridges also allows weed 
control by inter-row cultivation (scuffing), provides better drainage and makes the bulbs more 
accessible to animals. However, because the seed is placed on the top of the ridge, ridgers are 
only used in higher rainfall areas, say 800+ mm. Swedes can also be conventionally drilled. 
Feeding Stock on Root Crops 
The high water content of bulbs has an effect on the efficiency of feed use. During winter, to 
provide a balanced diet, turnips and swedes are generally fed with hay and perhaps some 
pasture pickings on a run-off paddock. 

For maximum control of intake and to cope with variations in the weather, animals should 
be given a new break every day. A larger break lasting several days tends to lead to more 
'tail-enders' in the mob. On the first day all animals are able to consume an adequate ration 
due to the ready availability ofleaves and even weeds. However, after several days on the 
same break the animals are forced to eat a diminishing supply of bulbs only. Often a two-day 
break is a reasonable compromise to suit animal requirements and the labour required to shift 
break-fences. 

In areas where heavy frosts are experienced it is preferable to delay feeding root crops 
until they have thawed out. While frozen, the leaves are very brittle and severe losses through 
leaf shattering can occur. 

It is important that all break fences are totally secure against stock break-out. Animals 
which break out and roam around the whole paddock for a few hours may not eat very much, 
but can cause severe damage to the bulbs by bruising and chipping them with their hooves. 
Such damaged bulbs are likely to start rotting prematurely and are certainly unlikely to last for 
several months especially under frosty, wet conditions. 

As with any root crop, significant tooth wear can occur due to soil intake. Also, only stock 
with sound teeth can harvest the bulbs efficiently. 'Gummy' ewes and hoggets with 'milk 
teeth' usually cannot manage unless they are given first 'pick' of the leaves. 
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Turnip Varieties I Cultivars 
(Source: Cropmark Seeds Ltd - see Section 4.1. 7) 
Turnip varieties vary in yield potential, 'ploidy' level, maturity, size of bulb, and bulb keeping 
quality. These factors considerably influence the choice and intended usage. October sowings 
produce summer feed, whilst later sowings through to early March produce autumn I winter 
feed. Turnips may be sown alone or in mixtures with rape or grasses(, particularly 'Italian' 
ryegrasses. Yields tend to increase with later maturity types and vary from five to eight tonnes 
of dry matter (DM) per hectare. A highly digestible turnip bulb provides a good source of 
sugars which, combined with the high protein concentration in the turnip-tops, stimulates 
good rumen function. Tetraploid varieties have larger seed and should be sown at a higher 
sowing rate. Table 4.1 (over page) provides some information about a variety of turnip 
cultivars (as at January 2002). 
Swede Varieties I Cultivars 
(Source: Cropmark Seeds Ltd - see Section 4.1. 7) 
Depending on the cultivar and other factors, winter yields often to sixteen tonnes of dry 
matter (DM) per hectare are achievable. Table 4.2 (page D-9) provides some information 
about various swede cultivars (as at January 2002). 

Generally, yellow-fleshed swede varieties are commonly used for human consumption 
because of improved flavour and lower water content compared to white-fleshed types. 
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Table 4.1: Turnip Varieties I Cultivars 
(Source: Cropmark Seeds Limited- see Section 4.1. 7) 

Sowing Rate Days to Club-root Comments 
in kg/ha* Maturity Resistance 

Cultivar Alone Mixture 

Marco 2-3 1 55-60 R Marco is a recent tetraploid variety with a large seed. Sowing rates should be 
increased compared to diploid varieties. Very quick maturing, highly palatable, 
with a large bulb size. Good club-root resistance. Excellent bolting resistance. Can 
be used as a summer feed option if sown early, but is also widely used as an 
autumn I winter feed option with later so wings. 

Barabas 2 1 80- 110 s Barabas is a tetraploid soft bulb variety with fast establishment and good resistance 
to bolting. The tankard-shaped bulb produces most of its edible yield above ground 
for good utilisation. 

Bar kant 1.75 0.75 60-90 MS Barkant is a diploid, soft early maturing, summer turnip which produces more leaf 
than other traditional turnips, but a relatively small tankard-shaped bulb, well 

I positioned to provide good utilisation. 
Civasto R 1.5- 0.75 60-80 R Civasto R is a diploid, soft early maturing, elongated stubble turnip with 

2.5 approximately 70% of dry matter above ground level. Highly palatable, 50:50 
ratio leaf to bulb, good resistance to bolting and most strains of club-root. Best 
used as a summer feed. 

Rival 1 - 2 0.75 70-90 s Rival is a new diploid stubble turnip, white fleshed, purple skinned, and with a 
tankard bulb shap_e for good utilisation. Resistant to turnip mosaic virus. 

Dynamo 1-2 0.75 70-90 s Dynamo is a diploid, soft early maturing, winter hardy turnip, with a tankard-
shaped bulb providing good stock utilisation. Mainly used as a summer stubble 
turnip but will grow in cooler conditions. 

*Sowing Rates may be higher !f the seed is broadcast. 

R = Resistant MR = Moderately Resistant MS = Moderately Susceptible S = Susceptible 



Table 4.1 (continued): Turnip Varieties I Cultivars 

Sowing Rate Days to Club-root Comments 
in kglha* Maturity Resist. 

Cultivar Alone Mixture 

Appin 0.75 0.5 60- 100 s Appin is a soft, early maturing, stubble turnip. Appin has a high proportion ofleaf 
yield compared to bulb. It is multi-crowned with excellent regrowth potential. Its 
high leaf to bulb ratio results in a very leafy crop with high digestibility. 

Manga 0.75 0.5 60-80 MR Are-selection of York Globe, incorporating some resistance to club-root. 
New York 0.75 0.5 60-80 s An early-mid season, soft white fleshed, purple skinned variety with a round bulb. 

Very distinctive full leaf form. Resistant to turnip mosaic virus. Best used for 
autumn I winter feed. 

York 0.75 0.5 60-80 s Originally a turnip for human consumption, York Globe is an early-mid season 
Globe maturity, soft white fleshed, purple skinned variety. It has low top (leaf) yields, 

00 and .mid-sized round bulbs. The bulbs have good keeping quality, but are 
submerged in the ground making them a little inaccessible to stock. 

Green 0.75 0.5 80- 120 s Green Globe is a slower growing, hardy, longer maturity, firm white fleshed, 
Globe green skinned variety. Rounded bulbs keep well into the winter and will yield well 

if sown early. 
Green 0.75 0.5 80- 120 R Green Resistant is a late maturing, yellow fleshed, green skinned variety. A useful 
Resistant second crop turnip where club-root or dry rot problems may occur. Rounded bulbs 

keep well in the winter. 

* Sowing Rates may be higher if the seed is broadcast. 

R = Resistant MR =Moderately Resistant MS = Moderately Susceptible S = Susceptible 



Table 4.2: Swede Varieties I Cultivar~ 
(Source: Cropmark Seeds Ltd- see Section 4.1. 7) 

Sowing Rate Maturity Flesh Dry Aphid Club-Root Comments 
in kglha Rot resistance Resistance 

Ridges Drill Days Green 
rows approx. peach 

Cultivar 60cm 20cm aphid 

Dominion 0.5 1.0 180- Yellow - - Moderately Dominion is a new-generation main crop 
200 resistant swede which has produced very high yields 

in Southland trials. The bulbs are very good 
also for human consumption. 

Do on 0.5 1.0 180- Yellow Sus c. Susceptible Susceptible Doon Major is an older variety with round 

0 
Major 200 bulbs, standing well clear of the ground for 

grazing. Reddish purple skin. 
Highlander 0.5 1.0 200- White Susc. Susceptible Susceptible Highlander produces higher leaf and bulb 

240 yields than the older varieties and is best 
used as a first crop swede. Pink skinned. 

Major Plus 0.5 1.0 180- Yellow Susc. Susceptible Susceptible Are-selection ofDoon Major, but producing 
200 up to 10 % higher yields. 

Winton 0.5 1.0 200- White Res. Resistant Resistant Winton is a new-generation main crop 
240 swede, but can be used as a second crop 

variety. Bronze skin colour and high leaf 
and bulb yield. 



4.1.2.3 Kale I Chou Moellier 
Kale is suitable for cattle, sheep and deer, but the taller varieties ate best used only for cattle. 

Kale is winter active and mainly used as a winter feed yielding approximately 9.5 to 
11 tonnes of dry matter (DM) per hectare. 
Kales take 150 to 220 days to reach maturity, and should be strip-fed to reduce 
wastage. 

Husbandry 
Kales are generally resistant to aphid, club-root and dry rot. This resistance makes kale 
especially useful as a second-year brassica crop. Kale requires high soil fertility and good soil 
moisture. It is often mixed with swedes, especially when sown with a ridger. Kale can be 
mixed in alternate rows with swedes. The mixture provides a more varied diet, and helps to 
avoid the problems of sheep suffering from constant wetness and wool-pulling when grazing 
a crop of dense, pure kale. 

If kale is required for winter feed it is sown in November- early December. For summer 
or autumn feed the crop is sown in September- October. In pure stands, kale is drilled in 
15 em rows at 2 - 4 kg per hectare, while only 1.5 kg per hectare of seed is required if sown 
with a ridger. Higher sowing rates lead to thinner and more palatable stems. 
Feeding Off and Animal Health 
Kale should be fed off as for turnips and swedes (see Section 4.1.2.2, page D-5). Grazing must 
be light in late summer if regrowth is required for winter. Generally utilisation should be 
completed by late winter, as kale tends to be defoliated by frosts, and the crop may cause the 
disease called 'red-water' in livestock if it is coming into flower in early spring. Provision of 
hay or a pasture run-off will improve the nutritional balance for stock grazing kale. To reduce 
risk of SMCO toxicity avoid the use of sulphate fertiliser, particularly where soil sulphate 
levels are high. 

Ewes grazing kale for long periods during late pregnancy should receive 
supplementary iodine to protect against goitre in the lambs. 
Cattle grazing for more than twelve weeks may require copper supplementation 
(MAF recommendation). 
'Kale anaemia' may also occur as the crop matures and the nutritive value declines 
(woody stems). Feeding the crop in conjunction with hay or grass will normally 
prevent this problem. 

Kale Varieties I Cultivars 
There are many cultivars of kale available, the choice depending mainly on the class 
oflivestock being fed. 
The largest can grow up to 1.5 metres tall, having a thick edible stem and a leaf to 
stem ratio of 40:60. This stature is obviously most suitable for mature cattle. 
Medium-stemmed chou has a shorter, more fibrous stem, is lower yielding with a leaf 
to stem ratio of 50:50. Such cultivars may be used for either sheep or cattle. 
Short-stemmed varieties have a leaf to stem ratio of70:30. 

Table 4.3 (over page) provides some information about various kale cultivars (as at January 
2002). 
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Table 4.3: 

Cultivar 

Coleor 

Kapeti 

Keeper 

Kestrel 

Pinfold 

Kale (Chou Moellier) Varieties I Cultivars 
(Source: Cropmark Seeds Ltd- see Section 4.1. 7) 

Sowing Rate 
in kglha 

Alone Mixture 

4-5 2 

3-5 2 

3-5 2 

3-5 2 

3-5 2 

Comments 

Coleor is a hybrid, medium-stem, red coloured variety producing very large leaves and a high leaf to stem 
yield ratio. Produces feed high in digestibility and ME value. Coleor has a relatively large seed size, so 
sowing rates should be slightly higher than for other kales. Exhibits lower levels of SMCO and nitrate 
levels than other varieties. 
Kapeti kale is a medium-stem, club-root resistant variety, has a good leaf to stem ratio, is highly palatable 
and highly digestible, with low stem fibre content. Kapeti has excellent leaf density, with good utilisation. 
Keeper is a medium height Thousand Headed type. It has a strong thick stem making it resistant to lodging 
(due to high stem fibre content and thus lower palatability). Good winter hardiness. 
Kestrel is a leafy hybrid variety with short stems, which was bred for low stem fibre content and high 
digestibility. Kestrel also exhibits lower levels of SMCO, glucosinolates, and nitrate production than 
medium-stem kale. 
Pinfold is a medium height but finer stemmed, high yielding variety which exhibits good leaf retention and 
a high leaf to stem ratio. Has good tolerance to aphids. 

ME- Metabolisable energy- a measure of feed quality. 
SMCO - An amino acid that can cause anaemia in livestock. 



Table 4.3 (continued): Kale (Chou Moellier) Varieties I Cultivars 

Sowing Rate Comments 
in kg/ha 

Cultivar Alone Mixture 

Sovereign 3-5 2 Sovereign is a new medium-tall variety, which is a fine stemmed, high yielding, and very late flowering 
type (two weeks later than Gruner). More leafY than the giant types but has less leaf than Coleor and 
Proteor. 

Proteor 3-5 2 Proteor is a medium height and leafY kale with high yield potential. Proteor has a thin stem with a high leaf 
proportion (often more than 50 % leaf), ensuring high utilisation. Proteor has good tolerance to aphids, 
club-root and other diseases. 

Gruner 3-5 2 Gruner is a tall growing, single grazing, longer maturing, frost-hardy variety with good resistance to 
0 lodging. It was bred as a winter feed for cattle. It is a marrow-stem kale with good palatability. Out-yields - Rawara. 
N 

Rawara 3- 5 2 A tall, early flowering variety. 
Giant Should be used before early spring to prevent SMCO level build up. 
Wairoa 3-5 2 Wairoa Brassica is best thought of as having some of the characteristics of both rape and kale - its growth 
Bras sica habit is like that of a small kale, with the high liveweight gain potential of rape. The requirement for 

Wairoa Brassica to ripen before feeding is not as critical as for rape, therefore it is of particular interest in 
areas where rape can be difficult to ripen. 

SMCO- An amino acid that can cause anaemia in livestock. 



4.1.2.4 Rape 

Rape is often used for finishing weaned lambs in the dry eastern areas ofNew Zealand, 
especially Canterbury. The nutritive value of rape lies in its leaves which are high in protein 
and have 20 % dry matter when ripe. It produces little stem and no bulb. 
Husbandry 
Forage rape may be sown alone or in mixtures as a specialist summer to winter feed. Rape is 
often included in pasture mixes and sown at 0.5 - 1.0 kg/ha. 

Rape can be sown from early spring to late summer and is generally ready to graze 12 - 16 
weeks after sowing. Rather than sowing all the crop at one time, it is often preferable to 
spread the sowing over several dates to have the mature crop coming 'on stream' 
progressively later in the season. Rape can be sown in February as a winter feed, where it 
provides higher quality but lower yielding crops compared to soft turnips. 

Rape can be grown on lower fertility soil than most other brassicas. With good soil 
fertility and moisture, however, yields of eight tonnes of dry matter (DM) per hectare can be 
achieved. 

Aphids need to be controlled if using susceptible cultivars. 
Do not grow in club-root infected areas unless resistant varieties are used. 

Feeding Off 
Some care is required when grazing rape, and it is best to allow the crop to fully mature 
(leaves turn bronze or reddish blue I purple, and plants appear to be semi-wilted) before 
grazing and to also gradually increase rape in the diet (otherwise, digestive upsets can occur). 
High fertility soils and wet, cool seasons tend to retard the ripening process. 

Do not allow hungry livestock to 'ad-lib' feed on rape (if previously on pasture) as 
problems such as nitrate poisoning and rape 'scald' can occur (scald is the term used for a 
photo-sensitive reaction on ears and faces of stock). See Section 2. 5.13.1, page B-56 and 
Section 2.5.3, page B-48. 

When used to finish young stock (after carefully introducing them to the crop), herbage 
intake is often unrestricted, with animals sometimes being given access to the whole paddock. 
Such a grazing system inevitably leads to more waste but this has to be accepted if maximum 
growth rates (of stock) are to be achieved. 
Rape Varieties I Cultivars 
Table 4.4 (over page) provides some information about various rape cultivars (as at January 
2002). 
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Table 4.4: 

Cultivar 

Bonar 

Emerald 

0 
Giant 

Hobson 

Leafmore 
(syn. Stego) 

Maxima 
Plus 

Rape Varieties I Cultivars 
(Source: Cropmark Seeds Ltd·· see Section 4.1. 7) 

Sowing Rate Aphid Club Regrowth Ability 
in kg/ha 

Alone Mixture 

3-4 0.5- 1 

3-4 0.5- 1 

3-4 0.5- 1 

3-4 0.5- 1 

3-4 0.5- 1 

3-4 0.5- 1 

Resist. -root 
Regrowth 

MS s Moderate 

s s Moderate 

s s Low 

MR s Low 

s s Moderate 

MR s Low 

S = Susceptible 
MS = Moderately Susceptible 
MR =Moderately Resistant. 

No. of 
J(razinf(s 

2 

2 

l 

1 

2 

1 

Days to Comments 
Grazing 

90- 110 Bonar is a late-maturing rape, with short stems 
and large paddle like leaves. Bred for high 
protein, high digestibility and lower SMCO* 
levels. Has good regrowth potential. Resistant to 
powdery mildew. Aphid resistance better than 
Rangi or Winfred. 

80- 110 Emerald is a high yielding 'Giant' type rape of 
medium maturity. Has good regrowth potential. 
Good resistance to powdery mildew and lodging. 

90- 110 Giant is a late maturing, high yielding, single 
grazing type. Being superseded by newer cultivars 
with high yields and good regrowth potential. 

90- 110 Hobson is a 'Giant' type, late maturing and high 
yielding. A single grazing type, with some aphid 
tolerance. 

80- 110 Leafmore is a high yielding 'Giant' type rape of 
medium maturity. 

70-85 Maxima Plus is a rape x kale cross of medium 
height, is early maturing, with kale-soft stems, 
and high animal acceptance. Best performance is 
in low to medium fertility soils. 

* SMCO =An amino acid that can cause anaemia in livestock 



Table 4.4 (continued): 

Sowing Rate 
in kg/ha 

Cultivar Alone Mixture 

Rangi 3-4 0.5- 1 

Wairangi 3-4 0.5- 1 

Wairoa 2-4 0.5- 1 

Winfred 3-4 0.5- 1 

Pasja 3-5 1-2 

Rape Varieties I Cultivars 

Aphid Regrowth Ability 
Resist. Club 

-root Regrowth No. of 
grazings 

MS s Moderate 

MR MR Moderate 

s s Moderate 

s s Moderate 

s MR V. High 

MR = Moderately Resistant 
MS = Moderately Susceptible 
S = Susceptible 

2 

2 

2 

2 

3+ 

Days to Comments 
Grazing 

70-85 Rangi is a (rape x swede) x rape cross, producing 
good yields. Has good regrowth potential but is 
less acceptable to stock than newer varieties. 

70-85 W airangi is a swede x rape cross. Yield potential is 
less than that of the newer rape varieties. 

70-85 Wairoa is a rape x kale cross and is very early 
maturing. Generally Wairoa will give 2-3 grazings 
provided grazing is not too severe. 

70-85 Winfred is a kale x turnip cross, is very early 
maturing, with kale-soft stems and broad leaves. It 
has a high leaf to stem ratio, and good cold 
tolerance. High regrowth potential from multiple 
grazings. 

50-70 Pasja is an early maturing turnip x rape hybrid 
producing large amounts of leaf and little bulb. The 
bulb is well anchored in the soil and has a crown 
that enables good regrowth. Very productive, can 
produce up to 9 t DM/ha during the summer-
autumn period. 



4.1.3 Cereals- Oats I Barley I Ryecorn for Greenfeed 

Any temperate cereal can be grown as a greenfeed, but oats are the most common. Cereals 
produce comparatively few, large tillers with rather elevated growing points, giving a plant that 
does not recover well from grazing, especially if it has become 'stemmy'. 

Where a high yield from a single grazing is required, oats are probably the best species. If 
the crop is to be held until well intv winter, then a cultivar that is resistant to leaf diseases (such 
as leaf rust) should be chosen. 

Of all the cereals, ryecorn is the most tolerant of grazing and will produce feed from late 
autumn to early spring, particularly in areas with severe winters. 

Yields of cereal greenfeed range between two and four tonnes of dry matter (DM) per 
hectare, depending on sowing time and fertility. 
Husbandry 
Cereals can be sown much later than brassicas, even into April (but delays in sowing reduce 
yield). They can cope with less fertile soils, rougher seed-beds (due to large size of seed) and 
later sowing times than the ryegrasses (see below). Sowing rates vary from 80- 120 kg/ha. 

Cereal greenfeeds respond well to nitrogen (N). The results from experiments carried out 
at Lincoln over many years gave between 5 and 14 kg DM per kg ofN applied. Cereals can, 
however, give problems with nitrate I nitrite poisoning (see Section 2.5.13.1, page 
B-56). 

Early-sown cereals may have some plants infected with the aphid-transmitted virus 
disease called Barley Yellow Dwarf Virus (BYDV), but this is usually oflittle consequence. 
Feeding-off Cereals 

• Crops are generally break-fed with back-fencing being essential if regrowth is 
required. 
Utilisation seldom exceeds 65 %. Although cereals can be grazed from four to six 
weeks after emergence, they are usually better left longer than this if maximum 
herbage yields are to be achieved, especially with oats. 

• Cereals have lower digestibility than ryegrasses, a difference which can be 
accentuated if the cereal becomes infected with leaf diseases. 

• Cereals have extremely low levels of calcium, and this can create problems in young 
stock (rickets) and breeding stock in late pregnancy or lactation ('milk fever'). 
Therefore, it is desirable to feed cereal greenfeeds to ewes in winter rather thfuJ. spring. 

4.1.4 Ryegrasses (Annual/ Biennial) for Greenfeed 

Diploid and tetraploid 'Italian' type ryegrasses are commonly grown for high quality late 
winter feed. 
Husbandry 
Ryegrasses require high fertility soils, and early autumn sowing, to produce maximum yieids. 
In the South Island, the objective should be to have the ryegrass seedlings emerge by March. 
If sown very early (February), annual ryegrass seedlings may be killed by Argentine Stem 
Weevil larvae, and insecticide treatment is advised. Grass-grub attack can also affect the crop. 

Ryegrass greenfeeds should be drilled into a moist, level, consolidated seed-bed. 
Broadcasting and harrowing in can be practiced in high rainfall areas. See Sections 3. 3. 2. 2 & 
3.3.2.3, pages C-11 and 12) for recommended sowing rates. 

On land which has been exhaustively cropped, ryegrass greenfeeds are likely to show 
responses to the application of nitrogen (N) fertiliser, these being up to 25 kg DM per kg ofN 
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applied. Time of application depends on when the feed is required, but often it is risky to 
apply N in mid-winter due to the likelihood of leaching losses. A rule of thumb is that N 
uptake and yield responses can be expected when the soil temperature (at 10 em depth) is 
above 4°C. 

Ryegrasses can produce rapid improvements in soil structure providing the soil is not 
pugged during grazing. 
Using Ryegrass Greenfeeds 
A major advantage ofryegrass greenfeeds is that they regr~ even after severe grazing. 
Crops may also be harvested in the spring for silage, when the quality is excellent due to the 
high sugar levels. In all cases the quality of ryegrass greenfeeds is excellent, with adequate 
levels of calcium for lactating animals. 

Nitrate I nitrite poisoning may be a problem (see Section 2.5.13.1, page B-56), particularly 
with fast growing immature plants (N fertilisers may aggravate). 
Ryegrass Varieties I Cultivars 
See Sections 3.3.2.2 & 3, pages C-11 & 12, and Section 15.2.2, pages 0-11 to 15. 

4.1.5 Maize for Greenfeed 

Information about growing maize for greenfeed is found elsewhere in this Manual - see 
Sections 4.3.1.1 & 4.3.1.2 (pages D-26 to 29), and Section 4.3.1.5 (page D-34). 

4.1.6 Estimating Forage Crop Dry Matter Content (DM) 
(Note: Dry Matter is the weight of feed less the water content.) 

1. Choose a representative part of the paddock (away from the fence-lines, etc.), and harvest 
(cut) the crop from an area of at least 1 square metre (1 m x 1m). A larger sample area 
(e.g., 2 square metres= 141 em x 141 em) is likely to give a more accurate estimate of 
crop yield, as will the harvesting of more than one sample and averaging the weights. 

2. Weigh the forage (kg) and multiply the figure by 10 - this will give the fresh weight 
(water included) of the crop, in tonnes per hectare. For example, a turnip crop may weigh 
5 kg (sample weight) x 10 =50 tonnes per hectare. (If the sample area is two square 
metres, multiply by a factor of 5). 

3. Refer Section 1.8.10, page A-166, for an estimate of the crop's percentage dry matter(% 
DM). For example, turnips would probably average 9% DM from tops and bulbs 
combined (see also Note A, over page). Multiply this figure by the fresh weight (from 2. 
above), and again by 10 to obtain the dry matter yield of the crop, expressed in kilograms 
ofDM per hectare. 

For example, with turnips: 
Tonnesoffreshweightperhectare(50) x %DM(9) x 10::: 4500kgDM/ha* 

* The dry matter figure does not take account of the wastage which will take place when 
the crop is harvested by stock or machinery. Commonly, stock may utilise only 
40- 80% ofthe total crop offered to them (see Section 4.1.1, page D-3). 
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A further example, for greenfeed maize: 
1 square metre sample weight is 4.3 kg. 
Therefore fresh weight (tonnes/ha) is 4.3 x 10 = 43 tonnes/ha 
Estimate of percent dry matter (see Section 1.8.10) is 24% 

Therefore, estimated dry matter yield of the crop is: 

43(t) x 24(%) x 10 = 10320kgDM/ha(beforewastage) 

Note A: With root crops such as turnips and swedes, more accurate estimates can be made 
if the leaves are weighed separately from the bulbs. This is because the 
percentage dry matter of the bulb is different to that of the leaf. Thus two 
different fresh weights and percentage dry matter figures will be multiplied out 
(see 2. and 3. above) to derive the kg DM I ha of each of the components. 

4.1.7 Forage Crop References 

• The tables containing information about the various cultivars of turnips, swedes, kale and 
rape were compiled by Cropmark Seeds Limited, Christchurch (as at January 2002). This 
information was originally provided by a range of New Zealand seed companies. The 
tables are also available in electronic form, from the web-site: www.cropmark.co.nz 

• Supplementary Feeding (Drew, K.R. and Fennesey, P.F., eds.). New Zealand Society of 
Animal Production. Occasional Publication No.7. 1985. 

• Acknowledgement: Parts of this section were derived from a MAF booklet Fodder Crops 
by M.W. Auld- now out of print. 
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4.2 SILAGE AND HAY 

4.2.1 Growing Cereals for Silage Production 
(Contributed by A. Dumbleton, Wrightson Research, Christchurch) 

Introduction 
Cereal silage ('whole-crop' silage) is now well established in New Zealand as a 
complementary feed to our pasture-based livestock feeding systems, due to its high levels of 
carbohydrates (starch and fermentable fibre) and relative low levels of protein. Cereal silage, 
when fed in conjunction with high protein spring pasture or a winter brassica feed crop, can 
provide a balanced diet for most types of ruminant livestock. 

Compared to maize silage, cereal silage has a shorter growing period (130- 160 days for 
maize versus 105- 135 for wheat or triticale), and lower establishment costs. It can also be 
grown with less risk in cool climates. The yield of cereal silage is, however, usually lower 
than maize. 

Choice of Crop Type 
See Table 4. 5 for information about maturity ranges, total dry matter yield estimates, and 
energy content (measured as megajoules of metabolisable energy per kg of dry matter) of the 
various crops. 

Table 4.5: Cereal Silage Crop Options 

Barley Oats Wheat Triticale 

Maturity (days): 
- from sowing 95- 130 110- 140 105-132 112-135 
-flowering to 38% DM 22-28 24-30 27-32 

Sowing: Harvest Sept- Dec Aug- Jan Aug- Jan Aug- Jan 

DM Yield (t/ha) 8- 14 8- 15 8- 17 8- 18 

MJME/kgDM 9.5-10.5 8.5 - 9.5 9.5- 10.5 9.5-10.5 

Source: Hanson, Crop & Food Research, New Zealand Arable Conference 2001 

Barley silage crops mature first (usually no more than 110 days after sowing), but are 
significantly lower yielding than wheat and triticale silage crops. Barley is a good option for 
delayed sowing situations or an un-irrigated environment where crops need to be mature 
before the summer dry arrives. Both wheat and triticale are later maturing (need to sown 
earlier than barley), but produce the highest crop yields. Oat silage crops have a similar 
maturity time to triticale and wheat, but yield less and have a lower energy value in the silage 
compared to all other cereal options. This is due to the lower proportion of oat grain in the end 
product compared to triticale, wheat and barley silage. 
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Choice of Variety I Cultivar 
Choice of cultivar is a very important factor affecting the profitability of a cereal silage crop, 
as this determines crop husbandry inputs and potential yield. Information about cultivars can 
be obtained from various sources- see 'Further Information' on page D-23. 

Crop Establishment 
Sowing Date 
In general, higher yields will be achieved from an autumn sowing compared to a spring 
sowing. 
Sowing Rate 
A target population of 200 plants per square metre is recommended from an autumn sowing 
into ideal soil conditions and 300 plants per square metre from a spring sowing or when soil 
conditions are not ideal. Optimum sowing rates can be calculated, using an estimated field 
emergence, and obtaining the thousand grain weight of your seed. 

Generally, field emergence of 85 % from spring sown and 70 % from autumn sown cereal 
can be expected. Drill at less than 8 kmlhr with a well-maintained drill at depth of3- 5 em 
into a weed, pest and disease free seedbed. 

It is important to consider thousand-grain weight and the percentage seed germination 
when calculating sowing rates. 

Sowing Rate= 1000 Grain Weight x Desired Plant Population 
(kg/ha) Effective Field Emergence 

This equates to approximately 110- 130 kg/ha for autumn and 150- 170 kg/ha for spring 
sown crops. 

If the paddock surface is uneven or stones are present on the surface, paddocks should be 
rolled after drilling, to ensure ease of harvesting. 
Seed Treatment 
Seed treatment is recommended for fusarium and Gther seedling diseases, which affect all 
cereal species (see Section 5.4, page E-77). 

Fertiliser 
Base Fertiliser 
Generally, nitrogen (N) and phosphorus (P) are the two major elements that need 
consideration in the fertiliser mix. It is common to sow "Drilling Super" with autumn 
plantings (no nitrogen) or a fertiliser containing Nand P (and sometimes potash) with spring 
plantings. 
Strategic Nitrogen Use 
A number of factors can impact on determining nitrogen inputs to cereal silage crops. It is 
essential to apply nitrogen at planting with spring-sown crops and not with autumn-sown 
crops. 

Spring-sown crops grow rapidly and therefore require an adequate pool of available 
nitrogen (N) to avoid temporary nitrogen stress. Spring sown cereal ex-pasture should receive 
Nat the two to three leaf stage (Growth Stage, GS 12- 13). Spring sown cereal ex-crop 
(brassica, maize, potatoes, and cereal) should receive two dressings ofN- one at crop 
emergence (GS 10) and the other at the two to three leaf stage (GS 12- 13). 

Autumn-sown cereal silage crops require nitrogen when the ear or node is one centimetre 
from the base of the plant Gust at the start of stem elongation, GS 30) and another application 
two to three weeks later. 
Note: It is important that the nitrogen strategy is customised for each individual situation. 
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Fertiliser After Harvest 
A follow-up application of fertiliser may need to be applied after crop harvest to replace 
nutrients removed in herbage, rates will vary according to each individual situation. 

Weed, Pest and Disease Control 
Weeds 
There are many registered broadleaf and grassweed herbicides. Herbicides should be applied 
very early post emergence while weeds are still small and actively growing. See Section 
5.2.12, page E-26. 
Pests 
All cereal silage crops (wheat, barley, triticale and oats) should be protected from barley 
yellow dwarf virus (BYDV) by controlling aphids. For autumn sown crops, two or three well
timed foliar aphicides should be applied during autumn to limit survival of damaging 
wingless aphids through winter. Seed treatment is effective, although early sown autumn 
crops may still require foliar aphicide applications in early winter. If spring sown, at least one 
foliar aphicide will be required for early spring protection. See also Section 5. 3.13, page E-59. 
Diseases 
If disease occurs in a wheat or barley crop then consider applying a broad-spectrum fungicide 
(see Section 5.4, page E-78). Fungicide should be applied to an autumn sown crop no later 
than flag leaf appearance (GS 39) and to a spring sown crop no later than when the first to 
third node is visible (GS 31 - 33) due to withholding period requirements. 

Triticale has a significant advantage over wheat in its disease tolerance and therefore 
requires very little, if any, fungicide application. 

Irrigation Requirements 
(Editor's note: See Sections 4.3.2 and 4.3.3, pages D-37 to 44) 

Plant Growth Regulators 
Triticale and wheat silage crops will require a growth regulator to prevent lodging in high 
yielding crops and vigorous growing conditions. For triticale an application of 1.5 litres per 
hectare of Cycocel + 200 ml/ha of Moddus is recommended. For wheat a maximum 
application of 2 1/ha of Cycocel is recommended. 

Harvesting 
Stage of Growth 
Harvesting of cereal for silage at the late milky dough stage (i.e., the grain has the consistency 
of soft putty) provides a good combination of yield and feed quality for ruminants. Silage 
should be made when whole plant dry matter ranges between 33 and 38 %. 
Changes in triticale and wheat crop appearance (not barley or oats): 

Crop Dry Matter 32- 35 %:the overall colour of the field is green, and the ears are 
entirely green. The grains contain milk but they are predominantly at the soft, unripe 
"Brie" cheese stage (not runny Brie). 
Crop Dry Matter 36- 38 %:the whole crop and the ears still appear green and the grain 
is at the soft Brie stage. 
Crop Dry Matter 39- 42 %:the crop is still green overall, but the ears are turning yellow 
and the grain is still soft Brie consistency. 

Harvesting silage crops before 33% dry matter (early milky dough stage) results in a silage 
product oflower quality due to reduced grain yield (immature milky grains). Also, harvesting 
too early reduces crop quantity due to a lower proportion of dry matter and a higher 
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proportion of water in the harvested crop. 
Each cereal silage species has a different 'harvest window' (the period in which a crop 

will remain harvestable without compromising quality). Barley has a short to medium harvest 
window, wheat and oats have a medium to long harvest window and triticale has the longest 
harvest window. These differences in 'harvest window' are due to the difference in dry matter 
percentage accumulation between species. Wheat and triticale mature at a slower rate than 
barley, increasing at 1 %dry matter per day versus 2 % dry matter for barley. 
Harvest Method and Silage Making 
Cereal silage should be direct harvested, finely chopped (less than 16 nun) with no wilting 
and stored in a well consolidated, sealed pit. It is not advisable to cut and wilt cereal silage 
crops, as this will result in a high dry matter crop with large grain losses due to mechanical 
disturbance (mowing and raking). Crops should not be harvested in the rain or when morning 
dew is still on the crop. Harvesting can usually proceed from late morning. 

Correct silage stack consolidation is very important in obtaining a quality silage end 
product. A heavy tractor provides better stack consolidation than a tracked machine 
(highmack). This is due to a heavy tractor having less surface area in contact with the stack 
than a tracked machine, therefore packing silage material to a higher density. See also Section 
4.3.1.4, page D-31. 

Feed Quality I Nutritive Value of Cereal Silage 
Cereal silage contains important carbohydrates: 

Starch: Levels range from 15 - 30% of dry matter, which are quickly fermented in the 
rumen. Actual levels of starch depend on how much grain is in the silage and timing of 
harvest. Starch is used by some rumen 'bugs' to convert to blood sugar- providing an 
animal with energy for liveweight gain or milk production. See Section 1.8.2, page A-147. 
Fermentable Fibre: The straw provides a fibre source for the rumen bugs to ferment - a 
more slowly released source of energy. 

The value of cereal silage to animals lies in the combination of the starch (grain) and 
fermentable fibre (straw and leaf) when harvested at 33- 38% dry matter. This is the ideal 
stage for maximising nutritive value of the crop, but does mean a reduction in final dry matter 
yield of the crop (about 10% reduction from total maximum possible yield). 
Allowing a crop to go to 50% or more of dry matter will increase your total crop yield but 
will reduce the feed value of the silage for animals because: 

More mature crops tend to drop more grain during harvest (less grain and starch 
means lower feed value). 
The straw becomes more lignified so is less well digested by the animal. 
A mature crop doesn't compact as well in the stack so the pH is not as low and the 
silage is more likely to spoil. 
A later harvest means less sugar in the plant. 
A late harvested crop will have less megajoules ofmetabolisable energy (MJME), i.e., 
less available energy. 

MJME values of cereal silage range usually from 9.0- 10.5 MJME. Actual values depend on 
maturity at harvest and grain:straw ratio. In general, MJME increases at 0.5% per week to 
40 % crop dry matter then reduces after 40 % dry matter. 

Silage quality can be assessed from three weeks after harvesting by coring the silage stack 
in a number of places and selecting a representative sample and sending to a laboratory for 
analysing. Tests required include pH, dry matter%, soluble carbohydrate%, crude protein%, 
neutral detergent fibre %, dry matter digestibility % and estimated energy content (MJME/kg 
DM). See also Section 1.8.10, page A-167, and Section 1.8.11, page A-170. 

D-22 



Use as a Complementary Feed 
Whole-crop cereal silage, with its high level of carbohydrates, is a very good 'complementary 
feed' for New Zealand's high protein pastures. Cereal silage is characterised by low levels of 
protein (typically 9- 14% of dry matter). High leaf/stem ratios are necessary for improved 
protein content (the green leaf content varies considerably among cultivars). 
Feeding animals only cereal silage and no other feeds, or as a supplement to poor quality 
summer pastures, can sometimes be a problem because oflow intake of protein. As a rule of 
thumb, feeding one third to half of the diet as whole-crop silage is fine, as long as the other 
feeds in the diet contain enough protein- e.g., high quality pasture. 

For Further Information about Cereal Silage 
• Wrightson Research produces "Grower Guidelines" for cereals on a large number of 

topics- these can be obtained by telephoning (03) 963-9700, or by contacting a Farm 
Services Representative. 

• Foundation for Arable Research (FAR) produces "Arable Updates" for cereals on a 
number of topics- available free to levy payers, or by paying an annual subscription. Their 
web-site address is: www.far.org.nz 

• Crop & Food Research Institute web-site: www.crop.cri.nz 

4.2.2 Maize for Silage Production 

Information about growing maize for silage production is found elsewhere in this Manual -
see Sections 4.3.1.1, 4.3.1.2 (pages D-26 to 29) and 4.3.1.4 (page D-30). 
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4.2.3 Estimating Silage and Hay Dry Matter Content 

Note: Dry Matter is the weight of feed without the water content. 
: Wastage from harvest to feeding-out can easily reach 50%, due to losses taking place 

during harvest, storage, feeding-out and wastage by stock. 
Section 1.8.10 (page A-166) also contains information that will be of use when 
estimating silage and hay dry matter content. 

Pasture Silage and Balage 

Pit Silage 
Pit silage made from (semi-) wilted pasture usually has a dry matter content of 
30 - 35 %, although the aim should be 25 - 30 %. 
After silage has fermented and settled, a cubic metre usually contains 160 - 200 kg dry 
matter. 
Direct cut (unwilted) silage usually has a dry matter content of about 18 %. 

Wrapped Silage I Balage 
The dry matter content of balage is dependent on the degree of wilting I drying that takes 
place before baling, therefore bale weights are highly variable. Ideally balage should be 
30- 35% DM, but figures of 40- 50% are commonplace, therefore no attempt has been 
made to estimate the kg DM per bale in the following table: 

'Round' bales 
- Fixed chamber baler 1.2 x 1.2 m 

'Medium square' flats (can wrap in pairs) 
- 0.8 x 0.47 x (say) 1.7 m long 

'Medium square' normal (not rotary cut) 
- 0.8 x 0.9 x (say) 1.7 m long 

Actual Weight of Bale 
(including moisture) 
350-800 kg 

approx. 260 kg 

approx. 500 kg 

Medium square balers without rotary cutters should bale to approximately 400 kg/m3. 

Simple Guide to Estimate Dry Matter Content of Harvested Pasture 
When the pasture is twisted by hand: 

Pasture is wet, and juices are easily expressed: 
Juice expressed with some difficulty: 
Very difficult to express juices, but hands are moist: 
Impossible to express juices: 

15 to 17% DM. 
18 to 22% DM. 
23 to 27% DM. 
over27 %DM. 

Another source* recommends a 'squeeze test' to estimate the dry matter content of fresh 
grass, and silage. The first step is to break up the grass or silage into lengths of 2 - 3 em, 
then roll into a ball (about the size of a golfball) and squeeze in your fist for 30 seconds: 

- Juice runs out easily: 18 - 20 % DM 
- A little juice runs out, with difficulty: 20 - 25 % DM 
- Your hand is damp, and sample stays in a ball 

when you stop squeezing: 25 - 30 % DM 
Sample does not stay in a tight ball when you 
stop squeezing: over 30 % DM 

(* Source: Livestock Improvement "Farm Fact" No.44) 
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Cereal Silage ('Whole Crop') Dry Matter Content 
Ideally, cereals should be made into silage when the whole plant dry matter content ranges 
between 33 and 38 %, although they are commonly harvested at a higher level than this (see 
page D-22). Silage samples can be analysed for DM content (see below). 

Maize Silage Dry Matter Content 
Ideally, maize should be made into silage when the whole plant dry matter content ranges 
between 30 and 36 %. A cubic metre of 'bunker' silage usually contains 170 - 290 kg 
(average 225) dry matter. A stack with no fixed sides usually contains 150- 270 kg (average 
200) dry matter per cubic metre. 

Samples can be analysed for dry matter content. Using a silage corer is the best way to 
collect samples from a bunker or stack. If feeding-out has already started, remove the loose 
material from the face of the stack and core into it at several different places (see Section 
1.8.11, page A-170). 

It is possible to use a mi~::rowave oven to derive the dry matter content of maize silage -
see Section 4.3.1.6 forsour~es of further information. See also page D-33. 

Meadow Hay 
In the bale, hay usually has a dry matter content of 80 - 85 %. 
Note: Variability in bale density can have a significant impact on bale weight. The 'actual' 
bale weights provided below are taken from baler specifications. New generation 'big balers' 
can produce bales of variable length, and therefore, variable weight. The lengths used below 
are at the lower end of the range. 

Conventional, 'small' bales 

'Round' bales: 
- Fixed chamber baler 1.2 x 1.2 m 

(equivalent to 8- 14 small bales) 
-Variable chamber baler up to 1.8 x 1.2 m 

(equivalent to 14- 24 small bales) 

'Medium square' bales: 
- 'Flats' 0.8 x 0.47 x 1.5 - 2.0 m long 

(equivalent to 7- 10 small bales) 
- 'Normal' size, not rotary cut in baler 

- 0.8 x 0.9 x (say)1.6 m long 
(equivalent to approx. 15 small bales) 

- 'Normal' size, rotary cutter in baler 
- 0.8 x 0.9 x (say) 1.6 m long 

(equivalent to approx. 25 small bales) 

'Big square' bales, rotary cutter in baler: 
- 1.18 x 0.87 x (say) 2.1 m long 

Kg of Dry Actual Weight 
Matter of Bale (kg) 
per Bale (including moisture) 

15-20 19-24 

150- 250 180-300 

250-420 300- 500 

130- 175 160-210 

up to 270 up to 320 

up to 430 up to 520 

up to 640 up to 770 

'Medium-square' balers without rotary cutters should bale hay to approximately 280 kg/m3. 

By comparison, they should bale straw to approximately 160 kg/m3. 
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4.3 CASH CROPS 

4.3.1 Maize 
(Contributed by I. Williams, Pioneer Brand Products, Hamilton) 

4.3.1.1 Introduction 
Maize is a high producing crop that can be grown for grain, greenfeed, or for silage. The first 
part of this section (below) provides general information about the growing of maize, while 
the other parts provide specialized information that relates to each of the three end-uses of 
maize- see Sections 4.3.1.3 to 4.3.1.5, pages D-29 to D-35. 

Maize is currently grown in most regions of New Zealand. It is frost tender and therefore is 
most safely planted when the risk of frost has past. The Central Plateau, Central and South 
Otago, and Southland are regions with a higher risk of out-of-season frosts, therefore maize 
growing in these areas needs to be approached with caution. Westland, with its high rainfall, 
also falls into this category because maize does not like 'wet feet'. 

4.3.1.2 Crop Management - General 

Paddock Choice 
Maize grows on a wide range of soil-types. As mentioned above, however, it does not like 
'wet feet'. Therefore, choose a paddock that is reasonably free-draining, and drain any wet 
spots if necessary. Spray out any problem perennial weeds (e.g., couch, kikuyu, paspalurn) in 
autumn, if possible. Soil test to a depth of 150 rnrn in winter to determine the amount of 
fertiliser that needs to be applied. 
Spray Out Pasture 
Ideally, pasture should be sprayed out three to six weeks prior to planting, as this gives 
enough time to create a good seed-bed. A six week fallow period also breaks the life-cycle of 
the Argentine Stern Weevil (ASW), an important pest of maize. Avoid leaving waste weedy 
areas around the paddock edges, as insect infestations (e.g., Army Worm caterpillar) can start 
in these areas and spread into the crop (see Section 5.3.14, page E-53 for further details). 
Fertiliser and Lime 
Maize is a 'gross feeder', requiring reasonable amounts of nitrogen (N), in particular. The 
following soil fertility levels should be aimed for: pH level of 5.8, Olsen P of I 0-15, K of 
0.4-0.6 ME/100 g, Ca of 10 ME/100 g, Mg of 1.5 ME/100 g, and sulphate sulphur of 15 11g/g. 

If lime is needed, this is best applied in the autumn prior to planting. Soil pH levels below 
5.0, or above 6.5, are undesirable because of the effect on the availability ofrnicronutrients 
such as manganese and molybdenum. 

Three fertiliser dressings are usually required. Three weeks prior to planting, a base 
dressing is applied, according to soil-test recommendations. 

At planting, a high analysis 'starter' fertiliser (usually including nitrogen) is banded 
60 rnrn below the seed and 60 rnrn to one side by the planter. If maize is sown after pasture on 
light loams and ash soils, an N-P mix is normally chosen (e.g., DAP). On peats and clays, an 
N-P-K blend (e.g., 12-10-10 or 14-12-12) is sometimes chosen ifthe potash requirement is 
not fully met with the base fertiliser application. 

Once the plant reaches knee high, urea is usually required as a side dressing. This can 
either be incorporated down the middle of the row, or broadcast prior to rain. 
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Choose the Right Cultivar or Variety for Your Area 
Choosing the right 'hybrid' (cultivar) is most important to obtain maximum production. There 
are a large number of hybrids for the maize grower to choose from. The correct choice will 
depend on location, soil type, amount of rainfall and the length of growing season (soil 
temperatures, frost risk, etc.). A general principle is that the longer the growing season (and 
the longer the maturity rating of the maize), the higher the yield potential. (Editor's note: For 
maximum yield, it is commonly recommended the plant should have developed its maximum 
leaf area by or at the longest day). If the climate and I or soils are prone to drought, it is 
important to choose a hybrid with a good drought-tolerance rating. Likewise, in disease-prone 
locations, it is important to consider the leaf disease ratings of the hybrid. Advice can be 
obtained from merchants or field officers. See also Section 4. 3.1. 6, page D-36. 
Cultivation 
The seed-bed should be brought to a crumb size no larger than a maize seed. A well-prepared 
seed-bed enables herbicides and insecticides to give optimum results, enhances crop 
establishment and allows planting machinery to function efficiently. 

In areas where soil moisture conservation is an issue, it is important to cultivate early in 
spring to conserve moisture for planting. The number of passes should be kept to a minimum 
to avoid over-compaction of soil. Immediately prior to planting, any germinated weeds should 
be sprayed with glyphosphate. 

'Minimum tillage' techniques for maize have been used in New Zealand with variable 
success. Minimal cultivation has been successful on the lighter ash soils of the Bay of Plenty 
where the top soil is shallow and wind erosion can be severe. 
Planting 
Maize hybrids for grain or silage must be precision planted (uneven planting will reduce 
harvest yield). Maize for greenfeed need not be precision planted unless there is a chance that 
part of the crop will be ensiled. Generally maize is sown at a depth of 40 mm, depending on 
soil temperature and moisture. If the soil is dry, the seed should be planted into moisture. If 
the soil is wet or cold, the seed can be planted at 25 mm depth. (If planting shallow, make 
sure the seed is well covered to protect it from bird attack). Planting can commence once the 
soil temperature (at 9.00 a.m.) reaches 10°C at 50 mm depth, and is rising when measured 
over three consecutive days. Soil temperature is influenced by a number of factors, but 
usually temperatures begin to come right for planting from late September (East Coast, 
Northland) to late October (South Canterbury). In very cold years, in some areas (e.g., 
Rotorua), soil temperatures are not high enough for planting until early November. 
Treatment of Seed 
Maize seed should be stored in a cool, dry place prior to planting. Bags should be handled 
with care, as cracked and damaged seed is more vulnerable to microbial and fungal infections 
once planted. 

Seed can be treated with an insecticide. Argentine Stem Weevil and Black Beetle are 
major pests of maize. These insects are best controlled by using an insecticide coating (e.g., 
"Gaucho" or "Cruiser" - see Section 5. 3.14, page E-61 ). Seed treated with insecticide should 
be planted within the season the chemical is applied. Most seed is already coated with a 
fungicide as a matter of course. This protects the seed against most fungal seedling diseases 
(see Section 5. 4). 
Planting Rate 
For specific information regarding the sowing rate of seed for maize grain, maize silage and 
greenfeed maize, see Sections 4.3.1.3 to 4.3.1.5, pages D-29 to 35. 
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Apply Pre-emergent Herbicides 
Immediately after planting, apply a pre-emergent herbicide (e.g., acetochlor- see Section 
5.2.13, page E-28) to control summer grasses and broad-leaf weeds. Where willow weed is a 
problem, atrazine can be tank mixed. 
Monitor the Crop 
Crop monitoring is essential, especially during the first six weeks following seedling 
emergence. Insect damage and weed pressure can reduce yields by more than 50 %. Bird 
damage can also be a problem (see below). 
Insect Control 
Greasy cutworm attacks are sporadic in nature. Monitor levels through regular farm walks. If 
damage gets above 3 %of seedlings, spray with a synthetic pyrethroid spray (see Section 
5.3.14, page E-62). This is best applied at dusk when the cutworms are most active. 
Weed Control 
Maize growth can be affected by competition from weeds, especially in the interval from 
approximately four to ten weeks after sowing. If weeds are a problem (e.g., ifthere are four 
red-root plants per lineal row metre), then consider using a post-emergence herbicide such as 
atrazine or dicamba. For further information on specific herbicides for maize see Section 
5.2.13, page E-28, or contact your local merchant or chemical representative. 
Bird Damage 
If you find small seedling plants pulled out of the ground with the roots still attached, it is 
probably bird damage. Birds can be attracted to a maize paddock by seed left on the surface of 
the ground when the planter lifts at the end of each planter run, or on tightly turned comers. If 
you see seed on the ground at planting, draw your contractor's attention to the problem. If 
ducks are a problem and soil temperature is l4°C or higher, adjust the planting depth to 65 
mm. "Mesurol" seed treatment will help to repel birds from seeds and seedling plants. 
Fungal Leaf Diseases 
From time to time, maize is attacked by fungal leaf diseases, the three most common being 
Rust, Eyespot and Northern Leaf Blight (NLB). These diseases are all sporadic in nature, 
depending on weather conditions during the late November - early December period. There 
are three ways these can be avoided. First, trash management post-harvest is key (see over 
page). Second, if you are in an area where fungal diseases are an annual problem (e.g., 
Northland and some parts of the Bay of Plenty), choose maize varieties with good leaf disease 
ratings for these diseases. Third, there are a small number of fungicides that are registered for 
use on maize (see Section 5.4.2, page E-85). Responses to fungicides on maize have been very 
variable and therefore they are not normally used in New Zealand. 
Irrigation 
Most maize in New Zealand is not irrigated. The maize plant has a strong root system which 
utilises water from well down the soil profile. However maize needs adequate water during 
the two weeks immediately before and after flowering. The amount and timing of irrigation is 
very dependent on soil type, rainfall and evapotranspiration rate. Seek advice. 
Harvest 
For harvest details on maize grain and silage see Section 4. 3.1. 3 (over page) and 4. 3.1. 4 (page 
D-30). 
Storage, Usage and Sale 
For information regarding the storage, usage and sale of maize, see Sections 4. 3.1. 3 (over 
page) and 4.3.1.4 (pages D-30 to 33). 
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Post-harvest Management 
In paddocks where maize is being cropped year after year, it is advisable to replace the 
nutrients that are removed from the soil. It is estimated that the rate of nutrient removal is as 
follows: 

• Grain crops (kg of nutrients removed per tonne of grain harvested at 14% moisture) -
N: 15 P: 3.3 K: 4.2 Mg: 1.4 S: 0.8 

• Silage crops (kg of nutrients removed per tonne of dry matter harvested) -
N: 9.6 P: 2 K: 6 Mg: 1.6 S: 0.6 

• The figures for greenfeed maize are the same as those for silage, unless the crop is 
grazed 'in situ', (i.e., dung and urine is returned to the paddock). 

4.3.1.3 Additional Information When Growing Maize for Grain 
(Note: See also Section 4.3.1.2, page D-26) 

Planting Rate 
Planting rate varies with the variety I cultivar chosen. Maize hybrids are usually sown at 
88 000 - 110 000 seeds per hectare (plant survival of 96 - 98 % of seeds planted is typical). In 
general, the longer the maturity group the· lower the plant population. Conversely, the shorter 
the maturity group the higher the population. Likewise, the warmer or drier the conditions 
(e.g., Northland), or the lower the CEC (Cation Exchange Capacity) of the soil, the lower the 
population rate. Conversely, the cooler or moister the conditions (e.g., Canterbury) or the 
higher the CEC ofthe soil, the higher the planting population (high CEC levels usually 
indicate good soil fertility and moisture-holding capacity). Seed catalogues have planting-rate 
recommendations by region for any particular variety. Consult your local seed merchant or 
seed company representative. 
Harvest 
Regularly monitor the grain moisture content during the 'dry-down' phase. Maize is best 
harvested between 22 - 24 % grain moisture. Once the maize dries beyond 20 % grain 
moisture, the risk of stalk and root lodging increases, along with harvest problems like 
shelling ofthe cob and sprouting of the grain. There is also the risk that mycotoxin levels will 
rise dramatically the longer the grain remains unharvested. There is no financial advantage to 
be gained by leaving the maize unharvested beyond 20 % grain moisture. 

When trucks collect grain from the combine harvester, try to limit the amount of soil 
compaction in the paddock. The use of laneways will confine damage to those restricted 
areas. 

Grain should be handled carefully. Chipped and cracked grain carries payment penalties. 
Ensure all augers are well maintained and unload 'grain onto grain' when filling bulk bins. 

If maize is to be stored it needs to be dried to 14 % moisture and kept in weather-proof 
silos for sale at some later stage. Some grain companies will dry and store maize for growers 
(at a negotiated price). · 
Marketing 
Most maize grain is purchased by contract, although a small amount of grain is sold on the 
'spot' market at harvest. 
Stubble and Post-harvest Field Management 
Once the grain has been harvested, it is important to reincorporate the maize stubble back into 
the ground as soon as possible. Trash incorporation is essential to maintain soil organic matter 
levels and reduce the likelihood of carry-over of fungal diseases likeN orthem Leaf Blight and 
Eyespot. Ideally, the stubble should be shredded and the paddock given a shallow cultivation 
(normally using discs or power~harrow) to incorporate most of the stubble. 
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In paddocks where maize grain or silage is being cropped year aft~r year, it is advisable to 
replace the nutrients and the organic matter that is removed from the soil (see page D-26). In 
continuously cropped paddocks, it pays to plant a grass-type plant ('Italian' ryegrass, oats, or 
barley). The fine, fibrous roots of these plants return a lot of organic matter back into the soil. 
They can also provide the grower with either an extra source of income, in the form of 
grazing or silage. 

Test the soil for soil nitrogen and organic matter content to monitor soil health. If soil 
organic matter falls below 6 %, then extra organic matter (e.g., chicken manure) may need to 
be applied. Likewise, if the Cation Exchange Capacity (CEC) begins to fall, extra organic 
matter needs to be included. 

4.3. 1.4 

Planting Rate 

Additional Information when Growing Maize for Silage 
(Note: See also Section 4.3.1.2, page D-26) 

Warm regions of the North Island typically require planting rates of 100 000 seeds per hectare 
while the cooler (and high altitude) regions require 115 000 seeds per hectare. Seed 
catalogues have planting rate recommendations, by region, for any particular variety. Consult 
local seed merchants or seed representatives. 
Row Width 
If you are planning to ensile a proportion of your greenfeed crop, consider the harvesting 
machinery that is available locally. Standard maize-heads for forage harvesters perform best 
when crops are precision planted in normal (76.2 em) width rows. Forage harvesters with 
"Kemper" type heads can handle any row spacing. 
Harvest 
Monitoring of the 'milk line score' of the maize kernel will enable timely harvest to be 
undertaken. Silage is best harvested when the whole plant dry matter (WPD) reaches 
30- 36 %. This usually occurs when the maize kernel contains one-third milk and two-thirds 
hard starch. The ideal chop-length for maize at this stage is between 12 - 15 mm. If the maize 
has a WPD lower than 30 %, the cut length of the maize needs to be increased to between 
17 - 20 mm. If the maize is drier than WPD 3 7 %, then the chop length of the maize needs to 
be shortened to 7 - 10 mm. 

The chopped maize then passes through a plant processor within the forage harvester. The 
plant processor squashes the material, making the starch and stem more digestible for stock. It 
is important that the maize is fully processed. At the ideal WPD (30- 36 %) the kernel 
processor should be set at 2- 3 mm. If the WPD is greater than 37 %, the processor gap 
should be 1 mm. If the WPD is less than 30 %, the kernel processor gap should be as wide as 
possible. 
Inoculant 
Application of inoculant is essential for the silage to rapidly ferment in the stack. Ideally, 
silage should drop to a stable pH of between 3.6- 4.2, within four days. To achieve this, a];!ply 
a maize-specific inoculant. 

There are also aerobic stability agents available. The agent stops the silage heating up (and 
therefore reduces dry matter loss) once the stack has been opened and the silage is exposed to 
air. An aerobic stability agent should be used if the stack 'face' is too wide or if maize silage 
is required to be fed-out two days in advance. 
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Building New Bunkers and Stacks 
Bunkers or stacks should be built on a finn base, away from hedges, trees and major drains, 
and away from areas where pests such as rats, wild cats or ducks could make holes in the 
cover. The size of the 'face' of the stack or bunker should match the rate of feed-out. Ensure 
the stack is built so that you can feed across the face of the stack every three days, taking at 
least half metre from the face. A long and narrow stack or bunker is the most desirable. 
New Bunkers 
Ensure there is a drain around the 'up-hill' side, so surface water cannot run in from 
surrounding land. With concrete walls, it is advisable to make the top slightly wider than the 
base. This allows easier compaction right up to the walls. 'Below ground' bunkers with dirt 
walls may have the disadvantage that water can enter the bunker through the walls and reduce 
the quality of the silage. To avoid this, it is advisable to dig a ditch around the base of the 
wall, and put in some form of drainage (clay tiles or plastic pipe). Back-fill with gravel. 
Compaction Equipment 
Good compaction is the key to making top quality silage. Compaction is a function of vehicle 
weight and rolling time. Wheeled vehicles have a high weight per surface area compared to 
tracked vehicles of equal size and therefqre achieve better compaction. 
Silage Covers 
A new cover is preferable, but if you have an old cover that has no holes, it may be used. Lie 
it in the sunlight, or spray with disinfectant, to kill any undesirable micro-organisms. If you 
are buying a new cover, ensure that it is at least 125 micron thickness. If birds are a problem 
in your area, consider using a silage cover with a white surface. 
Spreading Loads 
Fill the bunker or stack as quickly as possible to minimise exposure to the air. Where 
possible, fill in a wedge shape (Figure 4.1). This will give good compaction and minimise the 
amount of time that the maize silage is exposed to the air. Spread each load into a 
100- 150 mm layer so that it can be compacted properly. Iflarge loads are being delivered to 
a stack site, dump the loads in front of the stack. Build the stack by taking small loads to the 
stack. 

Figure4.1: Filling in a Wedge Shape 

) 

Compaction 
Continue compacting for up to two hours after the final load has arrived at the stack. 
Straightening the Stack 
Stack sides should be straight and parallel. Ensure that all loose material is removed from the 
sides and ends, and is compacted on the top before covering. This is best done by hand, using 
a rake and I or a wide-mouthed shovel. 
Smoothing and Covering 
The stack or bunker should have a smooth surface in order to avoid creases and folds when 
laying the cover. The cover should be flat with no humps or hollows. Seal around the base of 
silage stacks by placing a layer of sand or lime on top of the cover. If the cover must be over-
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lapped, ensure the joins are sealed well. Where possible, avoid a large over-lap as 
condensation can form between the layers of plastic and run into the silage, causing spoilage. 
Weigh down the cover firmly with tyres or sand bags placed closely together (ideally 
touching each other). 
Rats, Mice and Birds 
Rats can make holes in the cover, exposing the silage to the air and causing spoilage. They 
also carry Leptospirosis. Keep the area around the stack tidy and free from vegetation. Place 
rat-baits in clay pipes on the ground at each side of the stack. 

Birds such as pukekoes, pheasants, turkeys and rooks can be a real problem. Shade-cloth 
or bird-netting (placed over the tyres) acts as a deterrent to birds walking on the cover and 
pecking holes in it. 

Use insulation tape to patch any holes that appear in the cover. 
Opening the Silage Stack 
Aim to keep the face of the maize silage stack tight throughout the feed-out period. You 
should not be able to push your fingers into the stack any further than the depth of your finger 
nails. Maize silage that is loose allows air to penetrate into the stack. Aerobic (oxygen-loving) 
bacteria break down plant material, producing waste products including carbon dioxide, heat 
and water. Silage quantity and quality are decreased. 

Maize silage that is well compacted and sealed will not contain moulds. Moulds grow 
once the silage has been exposed to the air for a few days or more. Although not all moulds 
are harmful, some can cause animal health problems and even death. Never feed mouldy or 
'rotten' silage to your cows (see also Section 2. 6, page B-58). 

Careful use of the tractor bucket at feed-out time will minimise the loosening of silage in 
the stack. If possible, use the bucket to chip down silage and then scoop it up from the 
ground. A void digging into the stack, as this loosens silage that will not be fed for several 
days. Figure 4.2 (below) shows a good bunker or stack management technique. The first step 
is to estimate how far into the face you need to feed. Next, scoop out the lowest section of"the 
silage. Then, using the bucket-blade, chip down the silage one section at a time, starting at the 
bottom. 

Figure4.2: Bunker or Stack-face Removal Technique 

Depth and width set for amount needed for one day 
feed-out. 

Then- chip down with bucket-blade. One section at.a 
time, starting from the bottom. 

First - Scoop out lowest section. 
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Another alternative is to move sideways across the bunker face, removing small amounts of 
silage from the whole face. 

Silage-grabs and block cutters will assist in keeping the face of the stack or bunker tight. 
It is not necessary or advisable to lower the silage cover if maize is being fed on a daily basis. 
This is because the air that is trapped under the cover tends to heat, creating an ideal 
environment for the growth of mould. Lowering the cover may however be advisable during 
periods of heavy rain. If birds are a problem, use either bird netting or shade cloth to cover the 
face of the stack. 
Feeding Out 
Introduce maize silage into the diet over a period of 5- 10 days. Start by allocating cattle 
I - 2 kg dry matter each, and increase the amount fed each day (see below for information 
about how to estimate the dry matter content). 
The reasons for gradually introducing maize silage into the diet are numerous: 
The rumen of a cow contains cellulose-digesting and also starch-digesting bacteria. Most of 
the sugars in grass are stored as cellulose, whereas the grain in maize silage contains high 
levels of starch. Animals that have been fed totally on grass will have relatively low levels of 
the starch-digesting, and high levels of the cellulose-digesting, bacteria. Feeding large 
amounts of maize silage to cattle that have low levels of starch-digesting bacteria will result in 
the inefficient use of the maize grain, resulting in large amounts in the dung. A slow 
introduction will allow starch-digesting bacteria levels to increase, and will improve 
utilisation and minimise the risk of gastric disturbances. 
Selling Maize Silage 
Maize in New Zealand is traded either on an area basis or on a dry matter basis. The trading 
of agricultural products is currently (July 2002) under review by the Department of Weights 
and Measures within the Ministry of Consumer Affairs. It will be important to check with the 
Ministry what the new rules and regulations will be. 

Selling maize on an area basis 
Under current law (2002), maize can be sold on a 'per hectare' basis. Estimating the yield 
of a paddock is very difficult. Therefore, usually the buyer and the seller will hire a third 
party to give an estimate as to the quantity of maize in the paddock. This is done by taking 
several cuts across the paddock, weighing the cut material, taking a sub- sample of that 
material, and drying it (using the services of a commercial laboratory). The percentage dry 
matter is then used to estimate the yield of the area. 
Note: When sampling, at least six average pla_11ts should be chosen from the middle of the 
paddock. Cut the plants at harvester cutting height, and chop into I 0 - 20 mm pieces. 
Using a scooping movement, collect a random sample (do not grab the silage as this will 
result in an unrepresentative sample). Place the sample into an air-tight bag (squeeze 
excess air out) and store in a refrigerator. Send the sample to the laboratory within 24 
hours. 
Selling maize on a dry matter basis 
Maize can also be sold on a 'tonnes of dry matter' basis. Usually a contract is drawn up 
before the crop is harvested. At harvest the number of trucks are counted. Each truck 
leaving the crop is weighed on a certified weigh-bridge, and the wet weight of the material 
is measured. When the maize is stacked (before covering), at least I4 core samples are 
taken from the stack, and the samples are then sent to a laboratory where a measure of the 
dry matter percent is established. The dry matter percentage is then multiplied by the wet 
weight to calculate the total tonnes of dry matter. As is stated above, this procedure is 
currently under review. 
Editor's note: Although maize silage is not officially traded on 'quality', it is usually 
tested to check both the metabolisable energy value and the protein content. 
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4.3.1.5 Additional Information When Growing Maize for 
Greenfeed 

Selection of Variety I Cultivar 
Factors to consider when selecting a maize variety or cultivar for greenfeed include the date 
the feed will be required, the length oftime the crop will be fed for and whether any surplus 
will be made into maize silage. Plant maturity recommendations can be obtained from seed 
catalogues, local seed merchants or seed company representatives. 

Short maturity hybrids will reach harvest maturity more quickly than longer maturity 
hybrids. These are usually the best option if feed is required less than 100 days from 
planting. They are also the best option when planting is late and it is possible that a 
proportion of the crop may be ensiled. They should not be considered iflate autumn 
greenfeed is required, since the maize plants are likely to be past their best for grazing 
(over-mature, dry, decay). 
Mid-maturity hybrids are best if feed is required 100 - 130 days from planting. If planted 
in the late spring, these hybrids will mature in time to allow any feed surpluses to be 
harvested as maize silage. 
Long maturity hybrids are the best choice if greenfeed is required from around 135 days 
from planting, and onwards into the autumn. Unless planting is early, they should not be 
considered if you want to ensile any surpluses, or if an early regrassing date is required. 

Plant Population 
Increasing the plant population will increase the amount of feed early in the season. Later in 
the season, however, plants begin to compete with each other for nutrients, light and moisture. 
As a general rule, if nutrient levels are good and moisture is not limiting, raising the 
population to around 150 000 seeds per hectare is a good option if feed is required early. If 
feed is required late in the season, maintain the population at 100 000- 120 000 seeds per 
hectare. Seed catalogues have planting-rate recommendations by region for any particular 
variety. Consult local seed merchants or seed representatives. 
Row Width 
If you plan to ensile a proportion of your greenfeed crop, consider the harvesting machinery 
that is available locally. Standard maize-heads for forage harvesters perform best when crops 
are precision planted in normal (76.2 em) width rows. Forage harvesters with "Kemper" type 
heads can handle any row spacing. 
Fertiliser Application 
If the planter cannot apply fertiliser, ensure that a good N:P:K fertiliser is applied prior to 
planting. 
Crop Feed-out Management 
The three main methods of greenfeeding maize are outlined below: 

Break feeding: In this situation the crop is grazed, usually under a wire. The wastage can 
be extremely high due to trampling of plant material. As the plants become more mature, 
cows tend to select the cobs and leaf, and reject stalk components. This decreases 
utilisation, and the over-consumption of grain by individual animals can result in acidosis 
(grain over-load). If break feeding is your only option, feed behind an electric wire and 
aim to complete feeding before the plants are too mature. 
Flail-type harvesters: Also known as vacuum harvesters or 'suck and chuck' machines. 
The area of the crop to be fed is first laid flat, usually with a levelling bar or tractor tray 
reversed over the maize. The harvester is then driven over the crop in the opposite 
direction to which the plants are lying. Losses can be high, especially in mature crops, as 
the cobs are often left on the ground. The long chop-length allows sorting of material, so 
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stalks may be wasted. The preferential sorting of the cob fraction may result in over
consumption of grain by individual animals and subsequent acidosis ('grain over-load'). 
In dry summer conditions, soil or dust contamination of the feed can be high and this may 
reduce palatability. If you plan to use a flail harvester, aim to complete feeding before the 
plants are too mature. If cob formation is considerable, consider adding a buffer (e.g., 
sodium bicarbonate) to the chopped material, to decrease the risk of acidosis. 
Precision choppers: Single or two row precision harvesters are the best option for 'cutting 
and carrying' greenfeed maize. To maximise ease of harvest, ensure that a standard maize 
planter (76.2 em row spacing) plants the crop. 

To decrease the risk of nitrate poisoning, no maize plants should be fed prior to eight weeks 
after planting. Young, rapidly growing plants, or plants which are moisture, heat or drought 
stressed should be nitrate tested prior to feeding. 

Maize plants should not be greenfed once the grain has reached maturity (black layer), 
since plant feed value decreases and the risk of grain over-load, through animals sorting cob 
fractions, increases. In rare cases, fungal growth on over-mature (brown and dry) maize plants 
has had a negative impact on animal health. 
Yield 
The yield of a greenfeed maize crop is largely determined by time from planting to 
commencement of feeding. 
Normally around 50% of the yield accumulation occurs in the first 85- 95 days from 
planting, and the other 50 % is gained in the final 30 - 60 days. 
At the point of maize silage harvest (30- 35% whole-plant dry matter), crops can gain as 

much as 1-2 t DM per hectare per week. If greenfeeding is commenced early in the season 
when the yield is low, the average crop yield will be decreased. Yields can range from 10 to 
15 t DM/ha. 
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4.3.1.6 References and Sources of Further Information About 
Growing Maize 

References 
Information for this chapter was obtained from: 
Pioneer Technical Insight No. 301 "Growing a Maize Silage Crop". 
Pioneer Technical Insight No. 302 "Storing a Maize Silage Crop". 
Pioneer Technical Insight No. 304 "Feeding Maize Silage to Dairy Cows". 
Pioneer Technical Insight No. 311 "Harvesting a Maize Silage Crop". 
Pioneer Technical Insight No. 323 "Assessing Maize Silage Drymatter Yield". 
Pioneer Technical Insight No. 332 "Greenfeed Maize Compared to Maize Silage". 

Further Information 
There is a wealth of information regarding the growing and feeding of maize. Sources 
include: 
-The Pioneer "Technical Insight" series (see above)- available by ringing 0800 Pioneer. 
-Foundation for Arable Research (FAR) produces "Arable Updates" for maize on a number 
of topics- available free to levy payers, or by paying an annual subscription (see web-site 
below). 

Web-Sites 
www.pioneer.co.nz 
www.far.org.nz (note: FAR's 'Maize Links' page lists many web-sites from around the world 

that contain information about growing maize). 
www.corson.co.nz 

Other Sources of Information 
Pioneer Technical Help Line (0800 74 66 33). 
Seed merchants. 
Farm management consultants. 
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4.3.2 Wheat Management Guidelines 
(Contributed by B. L. McCloy, NZ Arable, Christchurch) 

• Good returns can be achieved from wheat if high yields are attained. 
• High yielding crops have 450 - 600 heads per square metre at harvest time. 
• Wheat is best grown in the rotation after non-cereal crops. 
• Continuous crops of wheat are at risk of root diseases such as 'Take-all', and generally 

result in lower yields. 

Crop Establishment 
Sowing Time 
True autumn wheats such as the European feed wheats (e.g., "Claire" and "Savannah") should 
be sown in April, while the autumn bread wheat cultivars (e.g., "Regency") should be sown in 
early to mid May. Cultivars which appear on both the autumn and spring lists can be sown 
late May I June, or when soil conditions permit. 

Soil conditions dictate how early spring wheats can be established. In free-draining soils, 
this should be as early as possible, to counter any early summer moisture stress. 
Varieties 
Select the most profitable cultivar for your farm, taking into account the expected yield and 
price. Comparative yield, quality and agronomic data is available from the FAR "Arable 
Updates" on both autumn and spring wheat evaluations (see 'Further Information', pageD-
40). These evaluations compare the varieties over a number of sites and seasons. 
Seed Quality 
Find out the germination and 1000 grain weight (TGW) of your seed. Check the post
treatment germination from the seed analysis certificate (normally 90% germination is the 
minimum required). 
Seed Treatment 
Seed should be treated with one ofthe systemic seed treatments which give some early 
protection against foliar diseases, especially if the cultivar is susceptible to Stripe Rust. 
In early-sown crops, where protection against aphids (for BYDV) and also grass-grub control 
is required, a seed treatment containing an insecticide should be considered. 
Sowing Method 
Aim for even establisl:unent. Use a well maintained seed drill with approximately 15 em row 
spacings. Drill slowly (less than 8.0 kph) to allow the coulter to place the seeds evenly at a 
depth of 4 - 5 em. 
Sowing Rates 
In general terms, autumn-sowing rates should be in the 90- 130 kglha range, and spring
sowing 150- 180 kg!ha. 
The correct rate can be worked out if the TGW and desired plant-population are known: 

• April sowing, aim for 150 plants per square metre. 
• May I June sowing, aim for 200 - 250 plants per square metre. 
• Spring sowing, aim for 300 - 350 plants per square metre. 

The expected emergence from May and August I September sowings is around 80 %, so the 
sowing rate can be worked out thus: 

Sowing rate (kglha) = TGW x Desired Plant Population + 80 

Example: To establish 300 plantslm2, a line of"Otane" with a TGW of 46 grams 
should be sown at: 46 x 300 + 80 = 172.5 kg!ha 
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Fertilisers and Lime 
See Table 6.16, page F-28 for an estimate ofthe amount ofnutiient removed from the soil by 
wheat. Remember the soil can supply some, or in some cases all, of the required elements. 
Generally, N and P are the two major elements which need consideration in the fertiliser mix. 
Nitrogen 
The quantity ofN to apply to milling wheat will vary with the yield potential, the paddock 
history and the winter rainfall. N soil tests will also help determine N reserves in the soil. 
New nitrogen growth models currently (2002) being developed for New Zealand wheat 
growers will also assist in the decision-making process. N-sap tests may also help with 
application rate and timing decisions, especially late applications for grain quality. 

Quantity to Apply 
1. Assess the likely yield of the paddock if no N were applied. 
2. Estimate the realistic yield potential of that paddock if sufficient N were applied. 
3. The difference is the yield that must be supported by N. 
4. Each tonne per hectare needs at least 25 kg ofN. 
Example: If the estimated yield of a paddock without N is 3.0 t/ha (perhaps following a 
cereal), and the realistic yield potential is 7.0 t/ha, then 4.0 tonnes of yield must be 
supported by N. Amount to be applied is 100 kg (4.0 x 25). If, however, the realistic yield 
potential is only 4.0 t/ha, then 1.0 tonne needs to be supported by N and so 25 kg needs to 
be applied (1.0 x 25). . 
Application Timing 
Autumn-sown milling wheat crops: Generally apply N when wheat plants are at growth
stage (GS) 30. Where more than 60 kg/ha is to be applied, a split dressing of one-third at 
GS 22 and two-thirds at GS 31 should be considered. To maintain quality and achieve 
high protein levels, apply 30- 50 kg/ha at GS 45 - 60. 
Autumn-sown European feed and biscuit wheat crops: These new lines of wheat (in 2002) 
have the ability to yield well on relatively low head numbers ( 400 - 500 headslsq.m) and 
hence have more grain per head than the standard milling type wheats. Therefore, new 
research (2002) is showing that the best time to apply N for the highest economic yield 
increases is between GS 31 and 39. 
Spring-sown crops: Usually split theN application between sowing and GS 22, but in later 
sowings apply all the N to the seed-bed -- but do not sow more than 40 kg/ha down the 
coulter with the seed. To maintain quality and achieve high protein levels, apply 30 - 50 
kg/ha at GS 45 - 60. 

Phosphate 
When wheat is sown after a well-maintained pasture, no P is required. When wheat follows 
other crops, P should be applied according to soil-test results: 
If the Olsen P level is: 

<10 apply 20 kg P/ha (equivalent to approx. 250 kg Super I ha). 
11 - 16 apply 10- 15 kg/ha (liS- 200 kg Super I ha). 
> 16 no P required. 

Potash 
Soils in all our wheat areas of New Zealand supply enough K to sustain good wheat yields. 
Consider using K in the fertiliser mix only if soil-test levels are as low as 2 - 3. No research 
work to date has shown economic or visual benefits from K applied solely to boost straw 
strength. 
Sulphur 
Sulphur deficiencies are not a problem where superphosphate and ammonium sulphate based 
fertilisers are used. Deficiencies may occur if fertilisers without S (e.g., DAP or Urea) are 
used for a number of seasons in a row. 
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Optimum S soil-tests should be more than 10. If they are less than 6, fertilisers containing 
sulphur should be used at sowing and topdressing time. 
Minor Elements 
Minor elements such as manganese (Mn) and zinc (Zn) should be closely monitored, 
especially where pH levels are greater than 6.5, or where spring conditions are dry. 
Applications of manganese or zinc sulphate can be used to correct deficiencies quickly, 
should these occur. 
pH Levels 
The pH level for wheat production should be in the range of 5.6 - 6.0. 

Disease Control 
All cultivars react differently to the common wheat diseases, which are summarised below. 
Also check the FAR data-base and seed company brochures for the latest information on the 
cultivar susceptibly to various diseases. 

There are a number of chemicals which can be used to control the main diseases in wheat 
(see Section 5.4, page E-77). These include the chemicals from the triazole and the newer 
strobulin groups. The prices range from $50- $100/ha (2002), but check with your local 
supplier for an updated price, and also check the label for rates and especially the disease 
spectrum, before use. 
Stripe Rust: Spray as soon as rust begins to build up in crop (GS 25 - 32), and follow-up 
spray later if re-infestation occurs (GS 39 - 45). 
Leaf Rust: Spray if approximately half the top leaves have an average of two pustules per leaf 
at growth-stage (GS) 39- 60. 
Mildew: Watch the early build-up of pustules and spray at the first signs of mildew appearing 
on the top leaves, especially on susceptible cultivars. If the top leaves and head become 
heavily infested, it is too late for economic spraying. 
Eyespot: Check for lesions at the base of the crop at GS 32, especially in intensively cropped 
areas of Otago and Southland, and spray if present. 
Glume Blotch: Spray the susceptible varieties if lesions are found on flag-leaf and glumes, 
especially if cool moist conditions prevail from GS 49 - 7 5. 

Weed Control 
Weeds should be controlled early- i.e., when the wheat plants are at GS 13 - 31. Consider 
adding an insecticide or fungicide to the tank-mix (see relevant sections below). 

The cost of weed control will vary with the product and rate used. Always check the 
product label for application rate and weeds controlled before use. See Section 5. 2.12, page 
E-26 for a detailed list of products and weed spectrums. 

For wild oat control, choose between pre-plant soil incorporated herbicides or between the 
foliar applied herbicides. 

Other grass-weeds such as the brome grasses and some ryegrasses, are becoming the 
'problem weeds' of cereal cropping, and therefore warrant careful attention to their control. 

Pest Control 
Before drilling, check the paddock for grass-grub. If more than 40 grubs per square metre are 
present, consider an insecticide 'down the spout' at sowing. 

April and early May sown crops are at risk from Barley Yellow Dwarf Virus (BYDV) and 
should receive either a seed treatment or an 'insurance spray' in four to six weeks after 
emergence to control the aphid vectors. 
See Section 5.3.13, page E-59 for further details. 
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Growth Regulators 
Consider the use of a growth regulator, especially in high yield situations (>8.0 tlha) and/or 
where weak-strawed varieties are used. Either use chlormequat ("Cycocel") alone at 1.0 - 2.0 
litres per hectare, or in a mixture with 200 ml/ha of"Moddus". These should be applied at the 
commencement of stem elongation, GS 30 - 31. 

Irrigation 
Moisture-stress should be avoided during all growth-stages if maximum yields are to be 
achieved. The timing and quantity of water applications can be determined by water budgets 
which use local rainfall and, evapotranspiration data, or the use of soil moisture monitoring 
services which use the 'neutron probe'. In crops with high yield potential, water should 
applied up to the grain-filling stages, GS 71. 

Harvesting and Storage 
Harvest on time. "Otane" and "Kotuku" will not wait for the header! Delays in harvesting, 
and damp conditions, result in grain with low Falling Number tests and make the wheat 
unsuitable for bread-making. Where drying facilities are available, consider starting at a 
slightly higher moisture content (16- 20% me) so that a higher proportion of the crop can be 
harvested on time. 

For safe storage the grain either needs to be harvested at, or dried down to, 14% me. 

Crop Monitoring 
Use the growth stage charts (See Section 5. 4.1, page E-79) to assist in making timely 
decisions. Inspect the wheat crop regularly and make appropriate decisions as required. 
Remember the advice issued by Barnaby Googe in 1577: "The best fertiliser for the soil is the 
master's boot". 

Further Information 
Foundation for Arable Research (FAR) produces "Arable Updates" for wheat on a number of 
topics - available free to levy payers, or by paying an annual subscription. Their web-site 
address is: www.far.org.nz 
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4.3.3 Barley Management Guidelines 
(Contributed by B.L. McCloy, NZ Arable, Christchurch) 

• Good returns can be achieved from barley if high yields are attained. 
• High yielding crops have 700 - 900 heads per square metre at harvest time. 
• Barley grown for feed can be grown anywhere in the rotation, whereas malting barley 

should be grown later in the rotation. 

Components of Yield 
High yield potential crops: On good soils where no moisture stress is expected, or where irrigation 
is available, plan to establish 250 - 300 plants per square metre, to result in head populations 
of 800 - 900 per square metre, with approximately 22 - 25 grains per head and 1000 grain 
weights (TGW) of more than 40 g. Example: 900 heads x 25 grains x 40 gms = 9.0 t I ha. 
Medium to low yield potential crops: On light dry land soils which may be subject to moisture stress, 
plan to establish lower plant numbers; that is, 180 - 220 plants per square metre. This should 
result in head populations of 500 - 600 per square metre, with approximately 20 - 22 grains 
per head and TGW of 40 g. Example: 550 heads x 21 grains X 40 gms = 4.61 t I ha. 

Crop Establishment 
Sowing Time 
Spring barley is generally sown in September or October, but later in heavier or wetter soil 
types. In lighter soils, barley should be sown early to alleviate the impact of early summer 
moisture stress. If possible, barley seed-beds should be ploughed early (in winter) to break 
down residues from previous crops, thereby minimising subsequent cultivation costs, and to 
encourage an early weed strike. 
Varieties 
Select the most profitable cultivar for your farm, taking into account the expected yield and 
price. Comparative yield, quality and agronomic data is available from the FAR "Arable 
Updates" on spring barley evaluations throughout New Zealand (see 'Further Information' on 
page D-44). These evaluations compare the varieties over a number of sites and seasons. 
Seed Quality 
Find out the germination and 1000 grain weight (TGW) of your seed (aim for seed weights 
greater than 45 g). Check the post-treatment germination from the seed analysis certificate 
(normally 90 % germination is the minimum required). 
Seed Treatment 
Seed should be treated with one of the systemic seed treatments which give some early 
protection against foliar diseases. Some of the new 'combi' products, which include an 
insecticide, maybe considered where grassgrub and I or aphid (BYDV vectors) protection is 
required. 
Sowing Method 
Aim for even establishment. Use a standard seed drill with approximately 15 em row 
spacings. Drill slowly ( 5 - 7 kph) to allow coulters to place the seeds evenly at a depth of 3 - 5 
em. 
Sowing Rates 
In general terms, spring barley sowing rates should be in the 90 - 150 kg I ha range. The 
correct rate can be worked out if the TGW and desired plant population are known. In low 
yield potential (i.e., light dryland) areas, aim for approximately 250 plants per square metre. 

In Southland the desired population is 300 plants per square metre. 
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For spring barley, base calculations on an expected field emergence of 85%: 

Sowing rate (kg/ha) = TGW x Desired Plant Population + 85 

Example: To establish 250 plants I m 2 with seed of a TGW of 40 grams: 

250 x 40 + 85 = 118 kg/ha 

Fertilisers and Lime 
See Table 6.16 on page F-28 for an estimate of the amount of nutrient removed from the soil 
by barley. Remember the soil can supply some, or in some cases all, of the required elements. 
Generally, nitrogen (N) and phosphorus (P) are the two major elements which need 
consideration in the fertiliser mix. 
Nitrogen 
The quantity ofN to apply to a barley crop will vary with the yield potential, the paddock 
history and the winter rainfall. N soil test results and I or the N index will also help determine 
N reserves in the soil. 

Quantity to Apply 
1. Assess the likely yield of the paddock if no N were applied. 
2. Estimate the realistic yield potential of that paddock if sufficient N were applied. 
3. The difference is the yield that must be supported by N. 
4. Each tonne per hectare needs at least 25 kg ofN. 

Example: If the estimated yield of a paddock without applied N is 3.0 t I ha (perhaps 
following a cereal), and the realistic yield potential is 7.0 t I ha, then 4.0 tonnes of 
yield must be supported by N. Amount to be applied is 100 kg ( 4.0 x 25). If, however, 
the realistic yield potential is only 4.0 t I ha, then 1.0 tonne needs to be supported by N 
and 25 kg needs to be applied (1.0 x 25). 

Application Timing 
1. Pre-sowing: Broadcast N before the last cultivation. 
2. At sowing: Do not exceed 50 kg N/ha in the same slot as the seed; higher rates 

may cause establishment problems. Do not use urea at this stage. 
3. At GS 13: About the three-leaf stage, or start oftillering. This is the latest stage at 

which N should be applied for economic yield increases. N applied at 
this stage requires rain or irrigation to ensure that it is washed into the 
root zone. 

Do not apply nitrogen to malting barley crops any later than growth stage (GS) 13; it will 
result in high (undesirable) levels of protein. 
If in doubt about using extra or higher rates of nitrogen on malting barley: DO NOT. 
Phosphate 
Barley will respond to a phosphate application when it is grown in soils that are low in 
available P. Apply P according to soil test levels. 
If the Olsen P level is: 

< 10 apply 20 kg P I ha (equivalent to approximately 250 kg Super I ha) 
11 - 16 apply 10- 15 kg PI ha (125- 200 kg Super I ha). 
> 16 no P required 

Potash 
Soils in all our barley areas supply enough K to sustain good barley yields. Consider using K 
in the fertiliser mix only if soil-test levels are as low as two to three. No research work to date 
has shown economic or visual benefits from K applied solely to boost straw strength. 
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Sulphur 
Sulphur deficiencies are not a problem where superphosphate and ammonium sulphate based 
fertilisers are used. Deficiencies may occur if fertilisers without S (e.g., DAP or Urea) are 
used for a number of seasons in succession. 

Optimum S soil tests should be more than 10. If they are less than 6, fertilisers containing 
S should be used at sowing and topdressing time. 
Minor Elements 
Minor elements such as manganese (Mn) and zinc (Zn) should be closely monitored, 
especially where pH levels are greater than 6.5, or where spring conditions are dry. 
Applications of manganese or zinc sulphate can be used to correct deficiencies quickly, 
should these occur. 
pH Levels 
The pH level for barley production should be in the range of 5.8 - 6.2. 

Irrigation 
Moisture stress should be avoided during all growth stages if maximum yields are to be 
achieved. The timing and quantity of water applications can be determined by water budgets 
which use local rainfall and evapotranspiration data. 

In crops with high yield potential, especially in malting barley where nitrogen has been 
used, water should be applied up to growth"stage (GS) 70. 

Weed Control 
Weeds should be controlled early- i.e., when the barley plants are at GS 13 - 31. Consider 
adding an insecticide or fungicide to the tank-mix (see relevant sections below). 

The cost of weed control will vary with the product and rate used. Always check the 
product label for application rate and weeds controlled, before use. See Section 5. 2.12, page 
E-26 for a detailed list of products and weed spectrums. 

For wild oat control, choose between pre-plant soil incorporated herbicides or the foliar 
applied herbicides. 

Other grass-weeds, such as the brome grasses and some ryegrasses, are becoming the 
'problem weeds' of cereal cropping, illld therefore warrant careful attention to their control. 

Pest Control 
At establishment time, a 'down the spout' insecticide is generally not required for spring
sown barley. The main pest problems are aphids: cereal and rose-grain aphids (they transmit 
BYDV). Spray for aphids at crop emergence when the aphid warnings are medium to high
See Section 5. 3.13, page E-59 for details. 

Disease Control 
All cultiyars react differently to the common barle)' disease.s,_which are summarised below. 
Also check the FAR data-base (see 'Further Information' on page D-44) and seed company 
brochures for the latest information on cultivar susceptibly to various diseases. 

There are a number of chemicals which can be used to control the main diseases in barley 
(see Section 5.4, page E-77). These include the chemicals from the triazole and the newer 
strobulin groups. The prices range from $50- $100/ha (2002), but check with your local 
supplier for an updated price, and also check the label for rates and especially the disease 
spectrum, before use. 
Net Blotch: Occurs as brown elongated lesions on leaves, often showing a net-like pattern 
within the lesion. Early infestations can be prevented by seed treatment and, later, a foliar 

D-43 



fungicide can be applied up until GS 65 if the disease is spreading on the top three leaves. 
Scald: Occurs as yellow or green blotches with dark brownish/purple edges on leaves and leaf 
sheaths. Cool, damp conditions promote the spread of this disease. Early infestations can be 
controlled by the seed-treatment, but if scald is spreading on the top three leaves between 
growth-stage (GS) 31 - 65, a foliar fungicide should be considered. 
Leaf Rust: Spray susceptible varieties when rust can be found on 50% of the top three leaves 
up until GS 65. 
Mildew: Spray susceptible varieties when mildew first appears on the upper leaves, up until 
GS 65. If the top leaves and head become heavily infested, it is too late for economic 
spraying. 
Ovularia Leaf Spot: Occurs as small, dark brown, oval to circular spots randomly spread on 
upper side of leaf, causing premature leaf death. Susceptible varieties should be sprayed at 
first signs of disease, if they did not receive a fungicide earlier at GS 39- 49. 
Spot Blotch: This is more common in North Island areas, and appears on leaves as uniform, 
brown, round to oval blotches with yellow halos. Heavily diseased leaves become yellow and 
die prematurely. Can be controlled by fungicide. 

Growth Regulators 
Where lodging and I or neck-break is likely to be a problem, the growth regulator "Terpal" 
may be considered. It should be applied only to vigorously growing crops which have an 
adequate supply of nutrients and moisture, and which are free from any stress prior to and 
following treatment (otherwise reduced yields could result). 

Harvesting and Storage 
Harvest on time. Barley will not wait for the header! Where drying facilities are available, 
consider starting at a slightly higher moisture content so that a higher proportion of the crop 
can be harvested on time. Check the combine operator's manual for correct settings for 
barley, paying particular attention to not damaging grains of malting barley. Ensure malting· 
barley is well below 14 % moisture before it is put into storage. This will ensure that good 
germination rates are maintained. 

Ensure good hygiene of silos and all harvesting and handling equipment. This is especially 
important where export barley may need to be stored for several months. All equipment and 
storage areas should be sprayed with an insecticide (such as "Actellic" dust or liquid) before 
the harvest begins. 

Crop Monitoring 
Use the growth-stage charts (see Section 5.4.1, page E-79) to assist in making timely 
decisions. Inspect the barley crop regularly and make appropriate decisions as required. 

Remember the advice issued by Barnaby Googe in 1577: "The best dung for the ground is 
the master's boot". 

Further Information 
Foundation for Arable Research (FAR) produces "Arable Updates" for barley on a number of 
topics - available free to levy payers, or by paying an annual subscription. Their web-site 
address is: www.far.org.nz 
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4.3.4 Ryegrass Seed Production Guidelines 
(Contributed by B. L. McCloy, NZ Arable, Christchurch) 

• With good management, yields of 2000+ kglha are achievable. 
• High yields rely on strategic use ofN for reproductive growth. 
• Specialist growers use plant growth regulators for increased pollination efficiencies. 
• Ryegrass is good for building soil structure in the crop rotation. 
• Winter and spring grazing, along with the straw, provide added income for the season. 

Crop Establishment 
Paddock Choice 
The fibrous nature of the ryegrass roots means that this crop is good for building soil 
structure, especially if left to grow for more than one season. Therefore it is generally grown 
later in the crop rotation. 

Make sure the paddock will meet MAF Certification and any specific contractual 
requirements: 

1. The area must not have grown any other rye grass during the past two harvest seasons. 
2. A minimum 50 metres isolation from other ryegrass crops. 
If different types of ryegrass, e.g., perennial or 'Italian' types, are grown on the same 
property, there should be designated areas for each, otherwise contamination from buried 
seed will occur. 

Drilling Method 
Ryegrass can be direct drilled or sown in a cultivated seed-bed, and is normally sown in 
March. When following cereals, a light cultivation is preferred with the aim of obtaining a 
strike of cereal seed prior to the last cultivation. It should be sown into a fine, moist, weed
free seed-bed, with a drilling depth of 1 - 2 em. 

Generally ryegrasses are sown in 15 em rows, with an increasing number of specialist 
growers now choosing to sow in 30 em rows. Recent research has shown no difference in seed 
yield between thes€ row spacings for perennial ryegrass. 

Fields can be rolled after drilling and I or in the late winter I spring period, but prior to 
stem elongation in later September. 
Sowing Rate 
Forage peren_nial ryegrasses are sown at 8- 12 kg/ha, while the turf perennials are sown at 
5 - 8 kglha. The 'Italian' I annual rye grasses are sown at 10- 15 kg/ha. 
Seed Treatments and Baits 
Seed is normally treated to minimise the risk of 'blind seed disease' in the resultant seed crop. 
An insecticide seed-treatment is used if there is likely to be a problem with grass-grub. In 
cool, damp autumns slugs can be a major problem. They often require treatment with slug 
baits to allow the emerging plants to establish- See Section 5.3.10, page E-55. 

Fertiliser 
At sowing: Often a small amount (20 kg N/ha) of anN-based product is used at sowing, 
especially if it is late in the autumn. This will help stimulate autumn-tiller production. 
Spring applications: The aim is to feed reproductive growth and maintain autumn tiller 
survival. Therefore a small amount ( 40 kg Nlha) is applied late July I early August, once the 
soil temperatures start to approach five degrees. The balance of the spring N is applied in one 
or two applications in September I October, so that all the applied N is available during stem 
elongation. Typical spring applications will total 200 kg Nlha, but will vary with paddock 
history and fertility status of the soil. 
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Weed Control 
Many of the cereal broad-leaf herbicides are registered for use on ryegrass seed crops. In early 
March sown crops, these ate applied in May while the weeds are still small and actively 
growing. Seed growing contracts should be checked carefully to ensure that the problem 
weeds are dealt with at the appropriate time in the field (e.g., Poa Annua and field pansy). 

Wild oats need to be controlled in the late winter I early spring. 
See also Section 5.2.18, page E-34 for a detailed list of products and weed spectrums. 

Disease Control 
The main disease of ryegrass is Stem Rust. The need for application and the amount of 
fungicide to apply, varies widely with the cultivar. Generally most cultivars will receive at 
least one fungicide at early flowering. 
See also Section 5.4, page E-77. 

Insect Control 
Editor's note: See Section 5.3.8, page E-51. 

Plant Growth Regulators 
Recent research has shown large yield increases from the use of the plant growth regulator 
"Moddus", applied at 0.8- 1.5 litres per hectare when two nodes can be found on 50% of the 
tillers (generally October). This helps to keep the crop standing during the flowering period, 
and thus increases the pollination efficiency. It also speeds up the harvesting operation due to 
the shorter straw, but does not decrease the total amount of dry matter produced. 

Grazing and Closing 
Income from grazing can make an important contribution to the earnings from a forage 
perennial ryegrass seed crop. If this is the case, the crop should be sown early, have autumn N 
applied, and have a careful grazing management policy put in place so as to minimise the 
damage to the big autumn tillers. The aim is to control the vegetative growth, while still 
allowing tillers to grow in size. 

For all ryegrass types, crops should be closed to grazing once the first node can be felt 
leaving the base of the plant. For closely-grazed crops, this will be approximately mid to late 
September for perermial ryegrass, a..11d early October for the 'Italian' I a..11..11ua! types. 

Irrigation 
Moisture stress should be avoided during all growth-stages if maximum yields are to be 
achieved. The timing and quantity of water applications can be determined by water budgets 
which use local rainfall and, evapotranspiration data, or the use of water monitoring services 
which use the 'neutron probe'. In crops with high yield potential, water should be applied up 
to the end of the flowering period. 

Harvesting and Storage 
Under normal conditions, the ryegrass crop is mature and ready for harvesting 28 days 
following peak flowering. Ryegrass is normally cut or windrowed when the seed moisture 
content has fallen to 42% for the perennials. The 'Italian' and annual ryegrasses are cut at a 
higher moisture content of 45 %, due to their susceptibility to seed-shatter. In wind-prone 
districts, crops should be cut in the direction of the prevailing wind. Under good drying 
conditions in January, the cut crop is ready for harvesting 5 - 10 days after cutting. It is either 
picked up by crop-lifters or rubber-belted pickups on the front of the harvester. 
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For safe storage, it is important to remove the 'field heat' from the seed-lot immediately, 
otherwise the germination potential of that seed-line will be lost. Seed is handled in bulk 
(stored in either one tonne boxes, or silos with drying floors) at the seed dressing store, ready 
for cleaning later in the season. 
See MAF "Seed Certification Booklet - Field and Laboratory Standards" for further details on 
purity standards. 

In most seasons the ryegrass straw has a value and is baled and utilised by the livestock 
industry.This also helps to prepare the field for a second year Seed crop, or for the next crop 
in the rotation. 

Further Information 
Foundation for Arable Research (FAR) produces "Arable Updates" for crops on a number of 
topics - available free to levy payers, or by paying an annual subscription. Their web-site 
address is: www.far.org.nz 
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4.3.5 White Clover Seed Production Guidelines 
(Contributed by B. L. McCloy, NZ Arable, Christchurch) 

• With good management, and a little help from the weather, yields of 1000 kg/ha are 
achievable. 

• Good weed control and flat paddocks minimise seed losses. 
• Early autumn establishment makes weed control easier. 
• Good irrigation management will control vegetative growth. 
• White clover is well suited to follow cereals or ryegrass seed crops in the rotation. 

Crop Establishment 
Paddock Choice 
Make sure the paddock will meet MAF Certification and any specific contractual 
requirements: 

1. A minimum of five years continuous cultivation without any clover (including clover 
grown as greenfeed crops.) 

2. A minimum 50 metres isolation from other clover crops. 
Previous Crop Management 
In the spring prior to the establishment of the clover seed crop, check the weed range present 
and use a broad-spectrum herbicide to remove them all- see Section 5.2, page E-7. 

Monitor the number of volunteer white clover plants present in any previous crop, so the 
appropriate management can be taken following the harvest of that crop. 

If planning to direct-drill clover, take care with the last cultivations of the previous crop
aiming to make a level seed-bed. 
Prior to Sowing 
When following cereals, remove the cereal straw - preferably with a good hot fire, heavy roll 
to firm up the seed-bed and then direct-drill. 

When problem weeds such as chickweed, cleavers, combind, wireweed, and I or yellow 
gromwell occur, consider a light top-work to incorporate 2.0 litres per hectare oftrifluralin, 
then drill. 

When following ryegrass, remove the straw and allow the regrowth to freshen up before 
spraying with glyphosphate prior to direct-drilling the clover. If volunteer clovers are present 
following the ryegrass harvest, consider adding "Granstar" to the glyphosate (plus "Pulse"). 
For good results the plants should be growing actively. Do not drill for at least seven days 
after the "Granstar" application, to ensure there is no residual activity. 

Before field preparation, check that isolation from other white clover cultivars (including 
the neighbours' crops) meets the certification regulations of 50 metres. Also check there are 
no white clover volunteers following the existing crop. Iflarge clover plants are present, it is 
best to wait a further year before attempting a change of cultivar, If the plants are only small 
(up to five to six leaves per plant) apply "Granstar" at 40 g/ha of product with "Pulse" and 
glyphosate to remove any other weeds as well. "Granstar" will only work successfully when 
the plants are actively growing, therefore it requires some soil moisture. 

An even, level paddock is essential for uniform establishment. It is often helpful to heavy 
roll before drilling so as to achieve a more uniform depth. A light top-working of the soil 
surface, with the incorporation of trifluralin at 2.0 1/ha of product, is strongly recommended 
where broad-leaf weeds (particularly wireweed, cleavers and yellow gromwell) are expected 
to be a problem. This can also help to reduce surface undulations. 
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Drilling Method 
Direct-drilling is the preferred technique, as it ensures a new weed I volunteer clover seed 
burden is not brought up. It also reduces frost-lift and conserves moisture during a dry 
autumn. When sowing into cultivated paddocks, use a drill tip that will give an even, shallow 
drilling depth, but do not use spreader or "Blackmore tips", since the sown clover must be in 
clearly defined rows, otherwise the paddock will be rejected from certification. 

Drill up and down the paddock, not round and round, as it makes for easier inter-row 
spraying and inspection for certification. Headlands should be made up of four to five drill 
widths, so the inter-row sprayer can turn around without reversing. Drill with a straight side 
of the paddock so that rows do not have too many curves in them. 

Drill across any undulations existing in the paddock to achieve a more uniform drilling 
depth for even establishment of plants. This also reduces the potential for coulters to 'track' 
old drill rows (creating variable row widths). 

The most reliable method to establish later sown clovers, is with a cover-crop. A couple of 
kilograms of grass seed mixed in with the seed can help to establish a more even row and give 
protection during the winter. A cover-crop also reduces weed problems and allows rows to be 
seen earlier, thereby enabling earlier inter-row spraying. A cereal can also be used as a cover
crop, but the 'grass in the row' method appears best. 

Choose a row width that is compatible with the inter-row sprayer you anticipate using. 
Generally, 30 em (12 inch) rows are for dryland paddocks and for larger leafed clovers with 
low stolon numbers, while 45 em (18 inch) rows are more suited to irrigated paddocks, 
especially if a highly stoloniferous clover is chosen on fertile land. Inter-row spraying 45 em 
rows effectively sprays a large percentage of the paddock, which assists with weed control. 
Sowing Rate 
To establish an adequate plant population, sow at 2 kg/ha of bare seed until mid-March, and 
3 kg/ha thereafter. A plant density at least I 0 per square metre is desirable in the spring. 
If inoculum is to be used, it should be mixed with the seed (as per instructions) within an hour 
or so of drilling. Do not leave the inoculum packets in direct sunlight and keep refrigerated 
until used. 
Sowing Depth 
Most cases of poor clover establishment relate to all or some of the coulters placing the seed 
too deep. Do not drill any deeper than I 0 mm. Cover-harrows are not needed, and in most 
situations enough soil will roll back over the seed to allow it to establish. These rills need to 
be flattened out later with heavy rolling. (Note that heavy rolling is also advisable in the 
winter and spring in order to bury any stones, etc.). 

Fertiliser and Lime 
Any major additions of fertiliser should be applied during previous crops, to ensure the clover 
is established into a reasonably fertile soil. The objective is to encourage reproductive growth, 
not bulky vegetative growth. Soil-test figures for good clover growth should be: Greater than 
I2 for Olsen P levels, greater than 6 for sulphate sulphur (S), and potash (K) levels above 4. 
For nitrogen fixation to occur, pH levels of 6 are required. Otherwise, strategic use of applied 
nitrogen should be considered to promote growth. Usually a small amount of nitrogen is 
applied, e.g., as 100 kg/ha of"Cropmaster 15", to encourage plant establishment. 

Weed Control 
Poor weed control can be one of the greatest factors limiting the potential income of white 
clover seed crops. Weeds such as chickweed, fathen, field madder, field pansey, suckling 
clover and sorrel have seeds that are difficult to remove through the seed-dressing process and 
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hence result in high seed-dressing losses. These weeds, along with direct competitor weeds 
such as mayweeds, shepherd's purse, spurry and speedwell, are all best removed early in the 
growth of the seed crop. 
See Section 5.2.19, page E-35 for a detailed list of products and weed spectrums. 

Disease Control 
There are relatively few major economic diseases of white clover. The only ones to watch out 
for are Pepper Spot and I or Sclerotinia. 
See Section 5.4, page E-77. 

Pest Control 
Pests can cause significant damage and consequently reduce seed yields. The major pests to 
watch out for, and to take appropriate control measures with, are slugs, grass-grub, aphids, 
mirids and casebearer moths. In cool damp autumns, slugs can be a major problem, and often 
require treatment with slug-bait to protect the emerging plants. 
See Sections 5.3.9 and 5.3.10; page E-54. 

Irrigation 
Moisture stress should be avoided up to the start of the stolon run (October). Once the stolon
run starts, and flower buds appear, the soil should not be over-watered as this will only 
promote vegetative growth at the expense of flower-head production. Ideally only 25 mm 
should be applied at these later irrigations, so the plant can be kept under a small but managed 
moisture stress. 

Grazing and Closing 
Grazing may be used to reduce a bulky weed problem prior to spraying. Any grazing must not 
damage the young clover plants, so stock must be carefully monitored. 

Seed crops should be closed from grazing once the stolon-run commences (probably late 
October). If excessive growth is a problem (often due to cool, damp conditions) it can be 
controlled by topping. 

Pollination 
White clover seed production relies on bees for cross-pollination. There should be a minimum 
of two hives per hectare for efficient pollination. 

Harvesting 
Under normal conditions, the clover crop is mature and ready for harvesting four to five 
weeks following peak flowering. The preferred harvesting method is to desiccate with diquat 
(e.g., "Reglone") and direct-harvest four to seven days later. This technique relies on flat 
paddocks, and ensures minimum seed loss in the harvesting process. In some cases the crop 
may be desiccated and cut with a mower four to five days later, then harvested two to three 
days afterward, using a special pickup on the front of the combine. In general, higher seed 
losses occur with this method. 

Seed should feel dry and free-flowing for safe storage. Problems can occur with green 
weed seed in the sample - care must be taken to ensure the seed does not 'heat'. Drying may 
be required. 

Seed is normally stored in bulk, in one tonne boxes at the seed-dressing store, ready for 
cleaning later in Jhe season. 
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See MAF "Seed Certification Booklet - Field and Laboratory Standards" for further details on 
purity standards. 

Second-year Crops 
Second·year white clover crops are a variable option, and can yield as well as first year crops, 
provided some form of stolon thinning is undertaken and weed control is managed correctly. 
The amount of stolon thinning, and method used, will depend on cultivar type and autumn 
growth conditions. Generally the smaller-leafed cultivars have a higher stolon density and 
require some attention, whereas the larger-leafed cultivars stay open enough. Thinning can be 
carried out by light cultivation, intensive grazing, and I or inter-row spraying. 

Deep tap-rooted and I or rhizomatous weeds are generally the problem weeds for second
year clover seed production. Most other weeds can be controlled by appropriate herbicides 
during the growing season. 

Further Information 
Foundation for Arable Research (FAR) produces "Arable Updates" for crops on a number of 
topics - available free to levy payers, or by paying an annual subscription. Their web-site 
address is: www.far.org.nz 
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4.3.6 Pea Management Guidelines 
(Compiled by B.L. McCloy, NZ Arable, Christchurch) 

• Peas will grow on a wide range of soil types, but prefer good silt loams. 
• Good drainage is essential, but climate and weather have a greater effect on yield. 
• Yields of vining peas range from 3.0- 9.5 t/ha, but typically average 6.5 t/ha. 
• Field peas vary between the different types, ranging from 2.0 - 6.0 t/ha, with an 

average of3.5 t/ha. 
• Peas can be grown anywhere in the rotation, but should not be grown more often than 

once every five years in the same paddock. 

Pea Types 
Peas are divided into two main types; garden or field peas. 
Garden or vining peas: These peas have white flowers and produce wrinkly-coated seed, and 
are either harvested green (vining peas) or left to mature and harvested dry for seed. 
Field peas: These peas have either round or dimpled seed, which is used as a dry pea. 
'White', 'blue' and 'marrowfat' peas all have white flowers with white or blue-green seed, 
while 'maple' peas have coloured flowers with speckled brown seed. 
Paddock Selection 
Peas must have a relatively free-draining soil. They are more sensitive than any.other crop to 
impeded drainage and soil compaction. If peas are planted with less than five years since the 
previous pea crop, the risk of disease in the crop is greater. Soils can be tested for the 
presence of soil-borne diseases. Because peas are a legume they fit in most cropping rotations. 
If sown early, an early harvest of vining peas will allow for a double-cropping option. 
Crop Establishment 
Sowing Time 
Field peas may be sown in spring as early as seed-bed preparation can be carried out. Garden 
peas should be left until the soil temperature has risen, but the sowing time of vining peas will 
be set by the processing factory. Care must be exercised when deciding a planting time, as a 
frost from flowering onwards will reduce yields. Irrigation gives flexibility for later sowings. 
Varieties 
The variety chosen will often depend on availability of contracts. A number of field pea 
cultivar comparisons have been carried out, and the results can be found on the FAR web-site 
(see pageD-54). Garden pea cultivars for vining will be stipulated by the processing 
company. 
Seed Quality and Treatment 
Find out the germination rate, seed vigour and 1000 seed weight (TSW) of the seed. Check 
the post-treatment germination from the seed analysis certificate. 
Seed can be treated with one of the systemic seed treatments that give some early protection 
against both soil and seed-borne diseases. 
Sowing Rates 
These are normally based on target numbers of plants per square metre (m2), with 70 plants 
per m2 on shallower soils, 90 plants per m2 on deeper soils and 100 - 120 plants per m2 where 
crops are irrigated. Vining peas should be sown to achieve 115 plants per m2. The actual rate· 
can be worked out using the TSW and an expected field emergence of approximately 90 % 
(see formula and example over page). 
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Sowing rate (kg!ha) = Desired Plant Population x TSW + 90 

Example: To establish 115 plants perm 2, with seed of a TSW of220 grams: 

115 x 220 + 90 = 281 kg/ha 

Typical sowing rates for both field and vining peas range between 250 and 350 kg!ha. 

Seed-bed: The seed-bed should be free and loose, with no compaction. 
Sowing Method: 
Aim for even establishment. Using a standard seed-drill with approximately 15 em row 
spacings, drill slowly (5 - 7 kph) to allow coulters to place the seeds evenly at a depth of 
4 - 7 em. Check that large-seeded cultivars are not being damaged in the drill while they are 
being sown. In dry soils ensure the seed is placed on the moisture layer. 

Rolling, either immediately after drilling or well after emergence, is normally required to 
bury stones and to leave a level surface for harvesting. 

Fertilisers and Lime 
A soil-test (to a depth of 15 em) should be taken well before sowing peas, so any liming can 
be carried out prior to sowing. pH levels should be greater than 6.0. Peas are not generally 
responsive to phosphate, which only needs to be considered if the Olsen P test is below 20. 
There is no evidence to show that well-nodulated pea crops respond (in seed yield) to applied 
N fertiliser. · 

Weed Control 
Weed control is essential since peas are poor competitors with weeds. These can cause large 
reductions in yield and a lowering of crop quality. There is a wide range of pre-plant, pre
emergence and post-emergence herbicides available. See Section 5.2.15, page E-31. 

Disease Control 
When peas are managed correctly, pests and diseases are not a major problem. Their 
incidence can be kept low if an adequate crop rotation system is followed, along with seed 
treatment and the use of resistant cultivars. 

In cool, damp conditions, downy mildew can occur on the foliage, as can ascochyta blight. 
At present there are no fungicides that will adequately control these diseases. 
Editor's note: See alsoSection 5.4.3, page E-90. 

Insect Pest Control 
Editor's note: See Section 5. 3.15, page E-63. 

Irrigation 
Moisture-stress should be avoided during all growth-stages, but especially at flowering and 
pod-fill, if maximum yields are to be achieved. 

The timing and quantity of water applications can be determined by water budgets, which 
use local rainfall and evapotranspiration data, or by the use of soil moisture monitoring 
services which use 'neutron probe' technology. 

Over-watering and excessive rainfall may cause yield depressions. 

Harvesting 
The harvesting of peas is the most critical operation affecting product quality. Poor harvesting 
techniques can down-grade potentially high quality crops of both field and vining peas. 
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Vining peas: Although the approximate time to harvest is determined using the 'thermal time' 
system, the exact day of harvest is determined by the tenderometer reading (TR). Peas for 
freezing are harvested at a TR of90- 135, while those for canning are harvested at TR 140 or 
greater. Peas change rapidly in maturity, particularly during hot weather. For example, TR 
may change from 1 00 to 120 in two days, so field officers sample pea paddocks daily up to 
the day of harvest. The price paid to growers is also based on TR, on a sliding scale, with 
younger, lower yielding peas commanding a higher price than the more mature peas. 

At harvest the green pods are combed directly from the pea vine by pea viners, which 
then thresh them in a modified drum, and transfer the peas to trucks for delivery to the factory 
for blanching, and freezing. 
Field peas: Field peas can be direct-harvested once the moisture content of the seed falls 
below 15 %. Delays will lead to yield losses from shattering, and quality losses from 
bleaching. For contracts with coiour as a specification, windrowing or defoliation should be 
considered, especially in difficult harvest seasons. Otherwise, the peas can be direct-harvested 
at 17 - 18 % moisture content and then dried down to 14 % for safe storage. 

Field peas are stored in boxes or silos prior to machine-dressing and sale. 

Pea References 
Jermyn, W.A., Pea Management and Cultivar Guide: Crop and Food Research. 
White. J., and Hodgson, J. New Zealand Pasture and Crop Science (1999). 

Further Information 
Foundation for Arable Research (FAR) produces "Arable Updates" for crops on a number of 
topics - available free to levy payers, or by paying an annual subscription. Their web-site 
address is: www.far.org.nz 
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SECTION 5 

WEED, PEST AND DISEASE 

CONTROL OF PLANTS 
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5.1 

5.1.1 

USE OF CHEMICALS FOR WEED, PEST AND 
DISEASE CONTROL -GENERAL INFORMATION 

Introduction 

The various methods of control of weeds, pests, and diseases of plants, is dealt with in 
Sections 5.2, 5.3 and 5.4. The information is intended as a basic guide only. Further 
information on chemical products, active ingredients, application and dilution rates, can be 
obtained from agricultural chemical company representatives, farm consultants, or 
publications such as the "N.Z. Agrichemical Manual", or the "Novachem Manual", (see 
Section 5.4.1, page E-77). The Foundation for Arable Research (FAR) also produces a 
CD-ROM called the "FAR Info base" that lists the chemicals commonly used on crops. It is 
available free to all crop levy payers, or by paying an annual subscription. FAR's website is 
www.far.org.nz 

Trade names for chemicals are used only to acquaint the reader with some of the available 
chemicals and their matching common names. Not all examples of trade products are listed, 
however nothing is implied directly or indirectly by the omission or inclusion of any product. 

Note that the rates of agrichemicals may vary according to the size or age of the weed or pest, 
crop growth-stage, the extent of pest or disease infestation, growth conditions, soil conditions 
(particularly with soil-active herbicides) and the formulation of proprietary chemicals used. In 
some cases additives are required and use-rates may vary if more than one chemical is used in 
a tank mixture. FOLLOW THE LABEL INSTRUCTIONS AT ALL TIMES. 

Disclaimer: 
(Refer also to the preface of this Manual). 
No responsibility can be taken by Lincoln University for any error or omission in these 
pages, nor for the use or misuse of any agrichemical product. 
Users must observe the directions on the product label and, if in doubt, contact the product 
supplier for advice, They should also make themselves aware of legislation and local 
regulations which may restrict the use of agrichemicals. 

Remember to: 
Read the product label to obtain information on the use and safe handling of the 
chemical. 
Comply with any restrictions on the use of the chemical, withholding periods and 
contact re-entry intervals. 
Recognise it is the responsibility of the operator to minimise spray-drift into sensitive 
areas. Do not commence application of any agrichemical if the prevailing conditions 
could result in damage to non-target crops or people, and /or to property outside of the 
area being treated. Cover pools and water supplies. 
Wear appropriate protective clothing as specified on the product label and take any 
other suitable precautions against contact with chemicals. Extra care is needed when 
handling and dispensing chemicals in concentrated form. Be especially careful to 
avoid splashes into the eyes while pouring concentrates from containers. 
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5.1.2 

Wash affected skin with water as soon as possible after contact with chemicals. 
Always wash up thoroughly before eating, drinking, smoking or using the toilet. 
Detergents are preferable to soap for removing oil-based materials. 
Prevent poisoning, especially of children, by storing chemicals in their original 
containers in a locked shed and preventing access to the material in the field when 
applying. 
Be aware of the first-aid measures to take if someone is accidentally poisoned. 
Mix chemicals and fill spray-tanks away from drains, wells or areas where spillages 
could cause contamination. Provide some method of cleaning in the event of a 
spillage. 
Always use clean water for filling spray-tanks and washing up. 
Mix only sufficient chemical for the task. Surplus spray mix is best disposed of by 
spraying onto the intended target area (do not exceed the normal dose rate specified on 
the label). 
Thoroughly rinse spray-tanks before further use. Do not leave unused spray material in 
the tank. 
Empty containers should be thoroughly rinsed before re-use or disposal (follow the 
instructions on the label regarding container disposal). 
Regional Councils have guidelines on safe disposal of unwanted agrichemicals. 
Contact them for disposal advice if you have agrichemicals that: 

Are unlikely to be used up on the farm 
Are unlabelled or partially labelled 
Have been deregistered or replaced by a more effective or environmentally-friendly 
alternative. 

Procedures for Mixing Chemicals 

General guidelines: 
Open paper containers with a sharp knife or scissors - do not tear open. 
When pouring from a container, keep the container at or below eye level, while being 
careful of splashes or spills. ALWAYS WEAR EYE PROTECTION. Use a calibrated 
measuring jug. 
Shake any suspended formula well before dispensing the required amount. 
Follow the label instructions on the use of protective equipment. 
Employers are responsible for the health and safety of their employees under the 
Health & Safety in Employment Act 1992. Ensure all employees handling and 
applying chemicals are suitably trained and protected. See also Section 12.2. 
Do not mix agrichemicals in the farm dairy or in close proximity to other food 
products. 

When adding measured amounts of chemical: 
1. Check the label for special procedures. 
2. Fill the tank with about half the volume of water required. 
3. Start tank agitation. 
4. Add any insoluble materials - wettable powders, granules, then suspensions. 
5. Add soluble materials. 
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6. Add emulsions. 
7. Add any adjuvants or oils. 
8. Top up tank to the required level with water. 

5.1.3 Toxicity Levels of Chemicals 

The Toxic Substances Act 1979 specifies the classification of agrichemicals. Criteria used to 
classify the hazard of agrichemicals are shown in the table below. LD50 values (measured in 
mg chemical per kg bodyweight of the test animal) refer to the amount of chemical estimated 
(on the basis of tests) to kill 50 % of a group of animals. The lower the LD50 value of the 
agrichemical the greater the toxicity to mammals and usually other animals. 

Note: Refer to the product label of the agrichemical to determine the toxicity level. 

5.1.4 

Table of Oral and Dermal LD5o Values for Solid and Liquid Chemicals 

Solids Liquids 

Class* Oral Dermal Oral Dermal 

1. up to 5 up to 10 up to 20 up to 40 

2. 5 to 50 10 to 100 20 to 200 40 to 400 
3. 50 to 500 100 to 1000 200 to 2000 400 to 4000 
4. 500 or more 1000 or more 2000 or more 4000 or more 
5. 2000 or more NA 3000 or more NA 

* Class 1 = Deadly Poison, Class 2 = Dangerous Poison, Class 3 = Poison, 
Class 4 = Hazardous Substance 

GROWSAFE Training Programme 

The New Zealand Agrichemical Education Trust 
The New Zealand Agrichemical Education Trust was formed by the primary producer groups 
with the aim of educating farmers and growers in the safe, responsible and effective use of 
agrichemicals. Since its inception the Trust has expanded to include the aviation, rural 
contractor and distributor groups, and its education role now encompasses all agrichemical 
users. 

The Trust, under the GROWSAFE Training programme, has published a New Zealand 
Standard Code of Practice for Agrichemical Use. This is used in one and three day training 
courses which have certificated thousands of growers, farmers and other users throughout 
New Zealand. 

The format used involves Accredited GROWSAFE Trainers, providing training courses 
for users at two levels: Standard and Advanced. Following each course, there is an 
assessment, to test whether candidates qualify for the appropriate certificate. 
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GROWSAFE Introductory Applicator's Course 
This course is intended for those who are involved in applying agrichemicals. On successful 
completion of this course, participants will be able to apply agrichemicals safely and 
accurately, according to the "Code of Practice for the Management of Agrichemicals, NZS 
8409: 1999". 
Certificate holders are able to: 

Describe the function and purposes of the Code of Practice. 
Locate and interpret information from the Code. 
Identify information categories from the agrichemical product label. 
Recognise the most common symptoms of agrichemical poisoning. 
Follow basic safety procedures that aim to prevent poisoning from agrichemical use. 
Respond appropriately in cases of agrichemical poisoning. 
Prepare equipment and agrichemical for application. 
Apply agrichemical according to instructions. 
Clean and store equipment after use. 
Calibrate a hand-operated sprayer. 

Advanced Courses 
Advanced courses are available for distributors of agrichemicals, and contract users (including 
veterinary use, and ground and aerial application). These courses cover specialised and 
advanced information about agrichemicals and their safe use. 

Meeting the Market 
An increasing number of marketing organisations, processors, wholesalers and retailers will 
require their grower and farmer suppliers to hold one of the Trust's GROWSAFE Certificates 
of Qualification. There are clear marketing advantages for growers and farmers to hold 
GROWSAFE certificates. 

Further Information 
For further information contact: The Secretary, NZ Agrichemical Education Trust, P.O. Box 
10-232, Wellington. Telephone I Fax: (04) 472-9997 

Further information about the Code of Practice can be obtained from Standards New Zealand, 
Private Bag 2439, Wellington. Telephone: (04) 498-5990; Fax.: (04) 498-5994 
Email: snz@standards.co.nz Website: www.standards.co.nz 
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5.2 WEED CONTROL 
(Revised by G.W. Bourdot and G.A. Hurrell, AgResearch, Lincoln) 

5.2.1 Introduction 

Weed control is an important component of farm management. In this section we outline some 
general weed control principles, summarise details of herbicides in common use in 
agriculture, and refer the reader to other sources of information for more detailed treatment of 
particular issues. 

Agricultural weeds are volunteer plant species that impede farming. They are characterised by 
the abilities to invade, dominate and to persist. Weeds may cause losses in crop and pasture 
yields through competing with crops for limited resources, releasing plant-toxic chemicals 
(allelopathy) or by acting as alternative hosts to plant pathogens, viruses and insect pests. 
Efficiency of crop production is reduced by weed control operations, by the increased time 
and labour of harvesting and by crop damage in the application of control operations. 
Efficiency losses in the pastoral situation can occur when weeds reduce ability to graze, 
palatability and digestibility, and when physical damage occurs to grazing animals. 
Additionally, weeds may reduce commodity values through smaller product size, poorer 
appearance, crop contamination and through the poisoning of grazing animals and faults in 
hides and fleeces. 

Weed control should be considered just like any other farm input and should be designed to 
ensure that the benefit out-weighs the cost1. Depending upon the particular crop and weed 
community composition, there will be a threshold in weed community density below which 
weed control is not economically justified 2• 3• 4 

References: 
l. Auld, B. et al. (1987) Weed Control Economics, Academic Press. 
2. Bourdot, G.W. and Saville, D.J. (1988) The economics of herbicide use in cereal crops in 

New Zealand. New Zealand Journal of Experimental Agriculture 16, 201-207 _ 
3. Bourdot, G.W. (1993) Yield losses in wheat and barley and the economics of weed control. 

In Plant Protection- Costs, Benefits & Trade Implications (Suckling, D.M. and Papay, 
A.J., eds.), pp. 22-32, New Zealand Plant Protection Society Inc. 

4. Bourdot, G.W. and Saville, D.J. (1990) Calculating the economics of weed control. In 
Proceedings of the 43rd New Zealand Plant Protection Conference (Papay, A.J., ed.), 
pp. 258-261, New Zealand Plant Protection Society Inc. 

5.2.2 Weed Identification 

Correct identification of weeds is essential for their effective control. Regular inspection of 
the farm for any new weedy species, and their removal by hand roguing or spot-treatment with 
an herbicide before a field invasion occurs, will be effort well spent. Helpful illustrated field 
guides to weed identification are available (see references 1 - 7, over page) as are references 
containing botanical keys for the more botanically minded farmer (see references 8 - 12). 
These books are available on loan (or inter-loan) from New Zealand libraries, or may be 
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purchased. Weed identification resources are also available at some web-sites (see reference 
13, below). 

For confirmation of the identity of any suspected weed species, specimens should be sent 
to: Plant Identification Service, Manaaki Whenua- Landcare Research, P.O. Box 69, Lincoln 
8152. Specimens should be enclosed in a plastic bag between moist sheets of newspaper with 
accompanying information on locality collected, habitat, name of collector and growth habit 
of plant. 

References: 
1. Healy, A.J. (1982) Identification of Weeds and Clovers, New Zealand Weed & Pest 

Control Society. 
2. Parham, B.E.V. and Healy, A.J. (1976) Common Weeds in New Zealand, A.R Shearer, 

Government Printer, Wellington, New Zealand. 
3. Roy, B. et al. (1998)An Illustrated Guide to Common Weeds of New Zealand, New 

Zealand Plant Protection Society. 
4. Taylor, R.L. (1980) Weeds of Crops and Gardens in N.Z., R. W Stiles and Co. Ltd, 

Rutherford Street, Nelson, New Zealand. 
5. Taylor, R.L. (1981) Weeds of Lawns, Pasture & Lucerne in N.Z., The Caxton Press, 

Christchurch, New Zealand. 
6. Taylor, R.L. (1981) Weeds of Roadsides and Waste Ground in N.Z., The Caxton Press, 

Christchurch, New Zealand. 
7. Upritchard, E.A. (1986)A Guide to the Identification of New Zealand Common Weeds in 

Colour, New Zealand Plant Protection Society. 
8. Webb, C.J. et al., eds (1988) Flora of New Zealand- Volume IV- Naturalised 

Pteridophytes, Gymnosprems, Dicotyledons, Botany Division, DSIR, New Zealand. 
9. Edgar, E. and Conner, H.E., eds (2000) Flora of New Zealand- Volume V- Gramineae, 

Manaaki Whenua Press, Lincoln, New Zealand. 
10. Healy, A.J. and Edgar, E., eds (1980) Flora of New Zealand- Volume III- Adventive 

Cyperaceous, Petalous and Spathaceous Monocotyledons, P.D. Hasselberg, 
Government Printer, New Zealand. 

11. Lambrechsten, N.C. (1975) What Grass Is That? A.R Shearer, Government Printer, 
Wellington, New Zealand. 

12. Moore, L.B. and Edgar, E., eds (1976) Flora of New Zealand- Volume II- Indigenous 
Tracheophyta - monocotyledones except gramineae, A.R. Shearer, Govenment Printer, 
New Zealand. 

13. Internet resources on weed identification & control. 
http//www.ippc.orst.edu/cicp/gateway/weed.htm 

5.2.3 Integrated Weed Management 

Integrated weed management (IWM) simply means combining several different tactics or 
tools to solve a weed problem, rather than relying on one tactic or tool. It also implies a 
whole-farm, long-term approach. An IWM system may, for example, include cultural, 
mechanical, chemical and biological tactics to reduce the weed problem. Particular attention 
should be given to cleanliness on the farm. Weeds along fence areas and roads are a major 
source of infestation and should be prevented from setting seeds by cutting, burning or using 
chemicals. Only certified crop and pasture seeds should be sown to ensure that new problem 
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weeds are not introduced to the farm. Farm machinery and implements should be cleaned 
when moving from an infested area to a clean paddock. 

Most weeds are opportunist species and take up spaces available in a poorly managed crop 
or pasture. Crop competition1 is one of the cheapest ways to combat such weeds. A vigorous 
(and competitive) crop leaves only limited space for weed growth. Grass pastures are very 
strong competitors for weeds and help to reduce weed infestation in crop rotations. 

Reference: 
1. Papay, A. I. et a!. ( 1990) Manipulation of weed/crop interactions. In Proceedings of an 

NZIASINZHS Symposium on Sustainable Agriculture and Organic Food Production 
(Papay, A.I., ed.), pp. 55-66, Flock House Agricultural Centre, Bulls, New Zealand. 

5.2.4 Weed Control in Crops 

Crops need to be weed-free from about two weeks after emergence until they are 25- 30% of 
the way through to maturity-- the "critical weed-free period"1. Maintaining weed-free 
conditions during this interval will often require just a single timely application of an 
appropriate herbicide (Section 5. 2.12, page E-26). Non-chemical weed control tactics may 
also be used in crops 2 (see also Section 7.5, page G-12). 

References: 
1. Zimdahl, R.L. (1988) The concept and application of the critical weed-free period. In Weed 

Management in Agroecosystems: Ecological Approaches (Altieri, M.A. and Liebman, 
M., eds.), pp. 145-155, CRC Press. 

2. Bourdot, G.W. (2002) Ecologically-Based Weed Management for Organic Crop 
Production- General Principles, http://www.guidetoorganics.com 

5.2.5 Weed Control in Pastures 

New pasture: Weeds slow down pasture establishment. When sowing a new pasture always 
remember to: 

Prepare the paddock well to ensure the best possible seed-bed. 
Control existing weeds -- a pre-sowing fallow period and I or herbicide may be 
effective. 
Use the correct kind and rate of fertiliser. 
Use only certified seed to avoid sowing weeds. 
Use grass and clover cultivars suited to the local environment. 
Control invertebrate pests such as Argentine stem weevil, grass grub and porina -
consider using an endophytic grass cultivar (see Section 3.1.2, page C-3). 

Established pasture: Stocking rates and grazing management should be adjusted to ensure 
continuous ground cover of the grasses and clovers, to maximise the competitiveness of the 
pasture (see references 1, 3 and 4, over page). Weeds will establish from seeds in gaps in 
pasture brought about by over-grazing, pugging under wet conditions, insect damage, drought, 
etc. 
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Options for controlling weeds that have invaded an established pasture include: 
Mowing. To ensure perennial weeds such as Californian thistle decline over time, they 
will need to be defoliated completely at least three times per growing season (see 
references 2 and 5, below). 
Grubbing. Hand-pulling weeds in small, sparse infestations can help prevent their 
spread. 
Hard grazing. When annual and perennial weeds are young and most palatable, they 
may be effectively controlled by one or more grazings at a high stocking rate. 
Herbicides. Many herbicides that are applied broadcast to pasture (Section 5.2.9, page 
E-13) will damage established pasture through toxicity towards either the clovers or 
the grasses. MCPB and 2,4-D are exceptions, but are effective on a limited range of 
weeds. 

References: 
1. Bourd6t, G.W. (1995) Managing pastures to prevent weed invasion. InAgFact- NZ 

Pastoral Agriculture Research Institute Limited- Linking farmers with facts (No. 20), 
http://www.agresearch.co.nz/agr/publications.htm 

2. Popay, A.I. (1999) General principles of thistle control in pastures. In AgFact- NZ 
Pastoral Agriculture Research Institute Limited- Linking farmers with facts (No.l6), 
http://www.agresearch.co.nz/agr/publications.htm 

3. Popay, A.L (1999) Nodding thistle. InAgFact- NZ Pastoral Agriculture Research Institute 
Limited- Linking farmers with facts (No. 12), 
http://www.agresearch.co.nz/agr/publications.htm 

4. Rahman, A. et al. (1993) Weed control. In Pasture Renovation Manual (Pottinger, R.P. et 
al., eds.), pp. 78-86, AgResearch, Hamilton, New Zealand. 

5. Willoughby, B. (1996) Californian thistle. In AgFact- NZ Pastoral Agriculture Research 
Institute Limited- Linking farmers with facts (No. 57), 
http://www.agresearch.co.nz/agr/publications htm. 

Editor's Note: See also Section 7.5, page G-12) 

5.2.6 Herbicide Use 
(See also pp. E-3 to E-6) 

Great care must be taken to prevent contamination of the environment. Some herbicides have 
long residual activity in the soil and can consequently affect the following crop in the rotation. 
Some herbicides can contaminate the underground or above-ground water systems if used 
inappropriately. Correct application of an herbicide is a critical factor in its performance; even 
the best herbicide can give disappointing results if not used correctly. 
The following points should help in obtaining optimum herbicide performance: 

Choose a herbicide suitable for the job, paying particular attention to the weed 
spectrum of the area. 
Always read and follow the label's directions. 
ModifY rates of application according to soil type, crop and weed growth stages, 
vegetation density and crop tolerance as per label. 
Calibrate the sprayer carefully prior to use. 
Some soil-applied herbicides need to be incorporated into the soil either by water or by 

E -10 



mechanical means, while some others work best if left undisturbed on the soil surface. 
For foliar-applied herbicides, retention and uptake are very important requirements for 
effectiveness. Some can benefit from addition of adjuvants or surfactants. 
If one herbicide will not control all weeds present, consider herbicide mixtures or 
sequential application. However, be aware of the possibility of incompatibility or 
antagonistic effects. 

5.2. 7 Herbicide-resistance 

Continuous use of2,4-D and other hormone-type herbicides in cereals on many farms has 
caused a shift in the composition of weed communities from annual broad-leaves to grasses 
such as wild oat. This process results in weed communities that are more difficult to kill with 
herbicides, but this is not "herbicide resistance". Herbicide resistance occurs when a weed 
species is exposed to repeated applications of an herbicide over several years, resulting in the 
selection of individuals that are genetically resistant. The result is that the herbicide no longer 
controls the weed. In New Zealand, nodding thistle, slender-winged thistle and giant buttercup 
have developed resistance to the hormone weed killers in pastures, and fathen and willow 
weed have developed resistance to atrazine on land cropped with maize. To avoid or delay the 
development of herbicide resistance, the farmer must reduce the selection pressure for 
resistance by avoiding multiple applications of the same herbicide to a weed population. 
Herbicides with different modes of action are usually available for controlling the same weed 
species and these should be rotated between seasons. In addition, the crop rotations that are 
widely practised on arable farms in New Zealand allow the use of different herbicides each 
year, slowing the rate of resistance development (see references below). 

References: 
Bourdot, G.W. (1995) Prevention of herbicide resistance. InAgFact- NZ Pastoral 

Agriculture Research Institute Limited- Linking farmers with facts (No.19), 
http://www.agresearch.co.nz/agr/publications.htm 

Bourdot, G.W. (1996) The status of herbicide resistance in New Zealand weeds. In 
Pesticide Resistance- Prevention and Management (Bourdot, G.W. and Suckling, 
D.M., eds.), pp. 81-89, The New Zealand Plant Protection Society Inc. 

Bourdot, G.W. et al. (1990) Herbicide resistance in weeds; are current herbicide practices 
sustainable? In Proceedings of an NZIASINZHS Symposium on Sustainable Agriculture 
and Organic Food Production (Popay, A.I., ed.), pp. 45-54, Flock House Agricultural 
Centre, Bulls, New Zealand. 

Bourdot, G.W. et al. (1996) Strategies for managing herbicide resistance in weeds in New 
Zealand. In Pesticide Resistance- Prevention and Management (Bourdot, G.W. and 
Suckling, D.M., eds.), pp. 213-221, New Zealand Plant Protection Society Inc. 

Herbicide resistance in New Zealand. 
http://www.hortnet.co.nz/publications/nzpps/pestresi.htm 

Walton, T., ed. (2001) New Zealand Agrichemical Manual, Fusell and Walton. 
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5.2.8 Biological Weed Control 

Biological weed control agents fall into two categories. Classical biological weed control 
involves importation, rearing and release of agents (usually insects and sometimes pathogenic 
fungi). Agents for nodding thistle, Californian thistle, gorse and several. other weeds have 
been released by "Landcare Research". Farmers in some regions are participating in the 
release of some ofthese agents. 

By contrast, inundative biological weed control involves the formulation and application 
of large doses of either pathogenic fungi or bacteria that are already present in New Zealand. 
The general term for these agents is 'bio-herbicide'; when a fungus is used in this way to 
control a weed it is called a mycoherbicide. Currently (200 1) there are no bio-herbicides 
available for weed control in New Zealand. Several fungi are however under investigation for 
the control of Californian thistle, giant buttercup, gorse and broom. 
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5.2.9 

Weed 

Broad-leaf 
and grass 
weeds 

Broad-leaf 
weeds 

Herbicides for Weeds in Pastures 
(See also Section 5.2.5, page E-9) 

Chemical Examples of 
(a.i.) Product 

ethofumesate Nortron 500SC 
Pasture Clear 

bentazone Basagran 480 SC 

thifensulfuron Harmony 

MCPA 
or 

MCPB 

2,4-D amine 
or 2,4-DB 

750WDG 

MCPA400; 
Crop Care MCP A; 
MCPB 400 

2, 4-D Amine; 
2,4-DB 

Application Rate 
of Product 

4 litres/ha 

3 litres/ha 

20 g/ha 

3 - 4 litres/ha 

3- 6litres/ha of2,4-D 
or 6- 8 litres/ha of2,4-DB 

Comments 

Controls barley grass, summer grasses and some 
broad-leaved weeds. Apply between April and July. 
Clover growth may be suppressed. 

Controls chamomiles, stinking mayweed, storksbill 
and some other broad-leaved weeds in new pasture and 
grass and clover seed crops. Safe on clovers at I - 2 
trifoliate leaf stage. Can be tank-mixed with MCPB for 
use in new pasture. 

Controls giant buttercup, docks, willow weed and 
water pepper. Apply in spring. Some pasture 
suppression may occur. Do not apply to pasture under 
stress. 

These products control a wide variety of annual and 
perennial broad-leaf weeds, including thistles. MCP A 
may cause a check to clover growth. MCPB is safe on 
clovers. 

Both products control a wide variety of annual and 
perennial broad-leaf weeds, including thistles. 2,4-DB 
is safe on young pasture and lucerne. 



Herbicides for Weeds in Pasture!! (continued) 

Weed Chemical Examples of Application Rate Comments 
(a.i.) Product of Product 

Broad-leaf 2,4-D ester Relay EC; 2 - 4 litres/ha Controls a wide range of broad-leaved pasture weeds, sedges, 
weeds Pasture-kleen EC (8 litres/ha for willows, rushes, willows and poplars. Damages clovers, especially red 

poplars and rushes) clover, so should be used with caution. Apply in late autumn or 
early spring. 

Grass TCA and Teedal WSP 7-9 kg/ha Controls barley grass and some annual grass weeds. Safe on 
weeds dalapon clovers. Apply in winter. Do not apply to pasture under stress. 

tTJ 
dalapon Dalapon 1.5-2 kg/ha Controls barley grass and some annual grass weeds. Apply in 

740 WSP winter. May suppress pasture growth for two to three months. ...... 
-l'>-

Docks asulam Asulox 3 - 4 li tres/ha Safe on lucerne and clovers. Apply to actively growing weeds 
and 400 wsc (11 litres/ha + in spring. Treat bracken in late summer when fronds are fully 
Bracken penetrant for bracken) expanded. 



5.2.10 Herbicides for Weeds in Lucerne 

Weed Chemical Examples of 
(a.i.) Product 

Broad-leaf EPTC Eradicane 
and 
grass weeds 
(see also 
over page) 

atrazine 
+ 
paraquat 

Atradex 900 WG 
or Gesaprim 500 FW 
+ Gramoxone 250 SC 

metribuzin Sencor 700 DF 

hexazinone 

simazine 
+ 
paraquat 

Velpar 750 DF 

Simazine 500 
or Gesatop 500 FW 
+ Gramoxone 250 SC 

Application Rate 
of Product 

6 - 8 litres/ha 

0.85 - 1.1 kg/ha 
(1.5 - 2 litres/ha for Gesaprim) 
+ 2 - 3 litres/ha 

1 kg/ha 

1.2 - 1.8 kg/ha 

1.5 - 2 litres/ha 

+ 2 - 3 litres/ha 

Comments 

Controls grass weeds and some broad-leaved 
weeds. Pre-plant soil incorporated. Do not use in 
soil that is high in organic matter. 

Controls annual grass weeds and many broad
leaved weeds. Apply in winter only to established 
stands. The addition of paraquat provides knock
down effect on existing weeds. 

Controls annual grass weeds and many broad
leaved weeds. Apply to dormant or semi-dormant 
crop. 

Controls annual grass weeds and many broad
leaved weeds, including nodding thistle. Apply to 
actively growing weeds in spring or summer. 

Controls annual grass weeds and broad-leaved 
weeds. Apply early in the winter only to 
established lucerne. The addition of paraquat 
provides knock-down effect on existing weeds. 



Herbicides for Weeds in Lucerne (continued)· 

Weed Chemical Examples of Application Comments 
(a.i.) Product Rate of Product 

Broad-leaf cyanaz{ne Bladex 50 SC 2- 3 litres!ha Controls some grass weeds and broad-leaved weeds. Apply to 
and grass plus plus Gramoxone of each product established lucerne in winter. The addition of paraquat provides 
weeds paraquat knock-down effect on existing weeds. 
(continued) 

propyzamide Kerb 500 FLO SC 1 - 2 litres/ha Controls annual grass weeds. and sorrel. May be used immediately 
after sowing to control germinating weeds. Apply in late autumn 
or winter to established stands. 

Broad-leaf bentazone Basagran 480 SC 4litres/ha Controls chamorniles, mayweeds, storksbill and nodding thistle. 

t:rl weeds Apply post-emergence to weeds in autumn. Can be applied with 

...... 2,4-DB at reduced rates . 
0\ 

2,4-DB 2,4-DB 400 SC 6- 8 litres/ha Controls broad-leaved weeds in young (two or more trifoliate leaf) 
lucerne. 

ch/orimuron Classic 250 WDG 120 g/ha Controls dandelion, beaked hawksbeard and clovers. Apply to 
lucerne more than one year old in late winter to early spring. 

imazethapyr Spinnaker 240 WSC 0.4 litres/ha Controls many broad-leaved weeds and annual poa. Apply after 
the second trifoliate leaf appears. Wetting agent required. 



Herbicides for Weeds in Lucerne (continued) 

Weed Chemical (a.i.) Examples of Application Comments 
Product Rate of Product 

Docks asulam Asulox 400 WSC 3 - 4 li tres/ha Apply in autumn after the final cut, or in early spring before the first 
cut. Safe on clovers. 

Grass quizalofop-P-ethyl Targa 50 EC 0.5 - 2 litres/ha Controls annual and perennial grass weeds, including wild oats. Rate 
weeds of application depends on the weed species. Wetting agent required. 

dalapon Dalapon 3-6 kg/ha Controls barley grass and some annual grass weeds. Apply to lucerne 
740 WSP more than one year old in late winter to early spring. 

tTJ jluazifop-P-butyl Fusilade 0.75 - 1.5 kglha Controls annual and perennial grass weeds. Rate of application 
250WDG depends on the weed species. Wetting agent required. ...... 

-.l 

haloxyfop Gallant 1 00 EC 0.5 - 5 litres/ha Controls annual and perennial grass weeds. Rate of application 
depends on the weed species. Wetting agent required. 



5.2.11 

Weed 

Blackberry 

and 
Barberry 

Boxthorn 

Bracken 
(see also 
Section 
5.2.9, page 
E-14) 

Herbicides for Spot Application to Specific Weeds 
(Note: Most of these herbicides severely damage non-target plants, so they must be applied as spot or directed sprays only) 

Chemical (a.i.) 

amitrole 

metsulfuron 

glyphosate 

picloram I triclopyr 

triclopyr 

hexazinone 

glyphosate 

hexazinone 

triclopyr 

metsulfuron 

glyphosate 

hexazinone 

asulam 

Examples of Product 

Amitrole 4L 400 SC 

Escort 600 WDG 

Roundup 360 SC 

Tordon Brushkiller EC 

Grazon 600 EC 

Velpar DF 750 WDG 

Roundup 360 SC 

Velpar DF 750 WDG 

Grazon 600 EC 

Escort 600 WDG 

Roundup 360 SC 

Velpar DF 750 WDG 

Asulox 400WSC 

Application Rate of Product, and Comments 

Apply 1 - 2 litres I 100 litres water, as an overall spray. 

Hand-gun 20 - 35 g I 100 litres; knapsack 5 g I 10 litres. 

Hand-gun 1 - 1.5 litres I 100 litres; knapsack 150 ml I 15 litres. 

Hand-gun 500- 650 ml I 100 litres water. 

300- 600 ml I 100 litres water. 

600 g I 100 litres of water for spot-spraying. 

1.25 litres I 100 litres of water. 

As for blackberry. 

As for blackberry. 

As for blackberry. 

Hand-gun 1 - 1.5 litre I 100 litres; knapsack 150- 225 ml I 15 litres. 
Requires addition of penetrant. 

As for blackberry. 

11 litres + 100 ml Pulse per hectare. Apply to fully expanded fronds 
in late summer. 



Herbicides for Spot Application to Specific Weeds (continued) 
(Note: Most of these herbicides severely damage non-target plants, so they must be applied as spot or directed sprays only) 

Weed Chemical (a.i.) Examples of Product Application Rate of Product, and Comments 

Broom amitrole Amitrole 4 L 400 SC 2 litres I 100 litres of water. Apply during Dec - Jan. 

glufosinate-ammonium Buster 200 WSC 7.5- 10 litres per hectare. 

metsulfuron Escort 600 WDG As for blackberry (page E-18). 

triclopyr Gra:z:on 600 EC 200- 300 ml I 100 litres of water, during active growth. 

glyphosate Roundup 360 SC As for bracken (page E-18). 

trJ 

..... picloramltriclopyr Tordon Brushkiller EC 250 ml I 100 litres of water. 
\0 

hexazinone Velpar 750 WDG As for bracken (page E-18). 

Californian dicamba + 2,4-D Banvel200 +Hi-ester 2,4-D As for ragwort (page E-22). 
thistle 

glyphosate Rotmdup 360 SC As for bracken (page E-18). Controls range of thistles. 

picloram, triclopyr Tordon brushkiller EC As for broom (above). Controls range of thistles. 

clopyralid Versatill300 WSC Apply 1 litre/haas a spot treatment. Controls a range of thistles. 
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Herbicides for Spot Application to Specific Weeds (continued) 
(Note: Most of these herbicides severely damage non-target plants, so they must be applied as spot or directed sprays only) 

Weed 

Docks 
(see also 
Section 
5.2.9, 
page E-14) 

Gorse 

Hawthorn 

Chemical (a.i.) 

asulam 

glyphosate 

metsulfuron 

triclopyr 

amitrole 

glufosinate-ammonium 

metsulfuron 

triclopyr 

picloram I triclopyr 

glyphosate 

metsulfuron 

triclopyr 

Examples of Product 

Asulox 400 WSC 

Roundup 360 SC 

Escort 600 WDG 

Grazon 600 EC 

Arnitrole 4 L 400 SC 

Buster 200 WSC 

Escort 600 WDG 

Grazon 600 EC 

Tordon Brushkiller EC 

Roundup 360 SC 

Escort 600 WDG 

Grazon 600 EC 

Application Rate of Product, and Comments 

Boom spraying 4 litres in 200 litres water/ha, or spot-spraying 
at 1 litre in 200 litres water. 

1 litre in 100 litres water per hectare. 

4 g in 10 litres water, with knapsack. 

200 - 300 ml in 100 litres water, with hand-gun. 

As for broom (see previous page). 

As for broom. 

Hand-gun 20 g I 100 litres of water; knapsack 5 g I 10 litres. 

As for broom. 

Hand-gun 250 - 300 m1 I 100 litres water. 

As for bracken (page E-18). 

As for blackberry (page E-18). 

As for blackberry. 
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Herbicides for Spot Application to Specific Weeds (continued) 
(Note: Most of these herbicides severely damage non-target plants, so they must be applied as spot or directed sprays only) 

Weed 

Manukal 
Tea tree 

Matagouri 

Nassella 
tussock 

Old Man's 
Beard 

Pampas 
(Toi toi) 

Chemical (a.i.) 

metsulfuron 

hexazinone 

metsulfuron 

picloram, triclopyr 

dalapon 

glyphosate 

metsulfuron 

clopyralid 

haloxyfop 

glyphosate 

hexazinone 

Examples of Product 

Escort 600 WDG 

Velpar DF 

Escort 600 WDG 

T ordon Brushkiller EC 

Dalapon 740 WSP 

Roundup 360 SC 

Escort 600 WDG 

Versatill 300 WSC 

Gallant 11 0 EC 

Roundup 360 SC 

Velpar DF 

Application Rate of Product, and Comments 

As for blackberry (page E-18). 

As for gorse (see previous page). 

Hand-gun 25 g I 100 litres water; knapsack 5 g I 10 litres water. 

As for blackberry (page E-18). 

22 - 44 kg in 200 - 400 litres water/ha and repeat application to 
new growth; 2 - 6 kg/ha will control seedlings in summer. 

Hand-gun 1 - 2 litres I 100 litres water; 
knapsack 300 ml I 15 litres of water. 

As for blackberry (page E-18). 

12- 15 litreslha, or 500 ml I 100 litres water; 
knapsack 125 ml I 10 litres water. 

Hand-gun 1 litre I 100 litres water; 
knapsack 300 ml I 10 litres water. 

As for bracken (page E-18). 

70 g I 10 litres water as a spot treatment. 



Herbicides for Spot Aplication to Specific Weeds (continued) 
(Note: Most of these herbicides severely damage non-target plants, so they must be applied as spot or directed sprays only) 

Weed Chemical (a.i.) Examples of Product Application Rate of Product, and Comments 

Perennial activated amitrole Amitrole 4L 400 SC 2 litres I I 00 litres water as spot treatment. 

grass weeds 
imazapyr Arsenal 250 A WSC 4 - 6 litres/ha. Has residual activity. 

haloxyfop Gallant I 00 EC 1.5- 7.5 litres/ha as broadcast, or 25- 150 ml I IO litres water as 
spot treatment. Rate depends on species of grass weed. Wetting 
agent needed. 

glyphosate Roundup 360 SC As for bracken (page E-I8). 

tr:l 
I bromacil Hyvar X 800 WP 2 - 13 kg/ha in non crop land. Has residual activity. Higher rates 

N 
N give longer period of control. 

hexazinone VelparDFA 5 - I 0 kg/ha in non crop land. 

Ragwort dicamba Banvel 200 SC 300 ml + 500 ml I IOO litres water as spot spray. 
+ 2,4-D ester +Hi-ester 2,4-D 

glyphosate Roundup 360 SC As for bracken (page E-I8). 

metsulforon Escort 600 WDG Hand-gun 2.5 - 5 g I 100 litres; knapsack 1 g I I 0 litres. 

hexazinone Velpar DF In established lucerne apply I.2 kg/ha in 300 litres water. See 
Section 5.2.10, page E-I5. 
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Herbicides for Spot Application to Specific Weeds (continued) 
(Note: Most of these herbicides severely damage non-target plants, so they must be applied as spot or directed sprays only). 

Weed Chemical (a.i.) 

Raupo amitrole 

dalapon 

Rushes hexazinone 

glufosinate-ammonium 

2,4-D butyl ester 

glyphosate 

glyphosate-trimesium 

Sedges glufosinate-ammonium 

dalapon 

2,4-D butyl ester 
+paraquat 

glyphosate 

Examples of Product 

Amitrole 4L 400 SC 

Dalapon 740 WSP 

VelparDF 

Buster 200 SC 

Relay 520 EC; 
Pasture-kleen 520 EC 

Roundup 360 EC 

Touchdown 480 WSC 

Buster 200 WSC 

Dalapon 740 WSP 

Pasture-kleen 520 EC, 
+ Gramoxone 200 SC 

Rotmdup 360 SC 

Application Rate of Product, and Comments 

As for broom (page E-19). 

As for nassella tussock (page E-21). 

As for bracken (page E-18) 

1 0+ litres I ha. 

650 ml I 100 litres of water for spot spraying, or 8 litres/ha in 200 
litres water for boom spraying. 

As for bracken (page E-18). 

Hand-gun 1 litre I 100 litres water; knapsack 150 ml I 15 litres. 

1 0 + litreslha. 

10- 16 kg in 300- 400 litres of water I ha. 

As for rushes. 

As for bracken (page E-18). 



Herbicides for Spot Application to Specific Weeds (continued) 
(Note: Most of these herbicides severely damage non-target plants, so they must be applied as spot or directed sprays only) 

Weed Chemical (a.i.) Examples of Product Application Rate of Product, and Comments 

Sweet briar metsulfuron Escort 600 WDG As for blackberry (page E-18). 

triclopyr Grazon 600 EC 500 ml I 100 litres of water. 

picloram, triclopyr Tordon Brushkiller EC 300 ml I 100 litres of water. 

hexazinone Velpar DF 750 WDG As for gorse (page E-20). 

Tauhinu glyphosate Roundup 360 SC As for bracken (page E-18). 
tr:l and Tutu I 

N metsulfuron Escort 600 WDG As for blackberry (page E-18). ""' 
triclopyr Grazon 600 EC As for blackberry. 

picloram, triclopyr Tordon Brushkiller EC As for broom (page E-19). 

Wild ginger metsulfuron Escort 600 WDG As for blackberry (page E-18). 



Herbicides for Spot Application to Specific Weeds (continued) 
(Note: Most of these herbicides severely damage non-target plants, so they must be applied as spot or directed sprays only). 

Weed Chemical (a.i.) 

Willow glyphosate 

triclopyr 

2, 4-D ester 

Yarrow imazapyr 

dicamba 
+ 2, 4-D ester 

glyphosate 

clopyralid 

Examples of Product 

Roundup 360 SC 

Grazon 600 EC 

Relay 520 EC; 
Pasture-kleen 520 EC 

Arsenal 250 A 

Banvel 200SC 
+ Pasture-kleen 

Roundup 360 SC 

Vertsatill300WSC 

Application Rate of Product, and Comments 

As for bracken (page E-18). 

As for blackberry (page E-18). 

Hand-gui:J. 450 ml I 100 litres water in late spring. Treat stumps 
with a mixture of 2,4-D and diesel (1 :30 ratio). 

4 litres per hectare. 

As for ragwort (page E-22). 

As for bracken (page E-18). 

100 ml I 100 litres of water 



5.2.12 Herbicides for Weeds in Cereal Cro~s 
(See Section 5.2.13, page E-28 for maize) 

Weed Chemical (a.i.) Examples of 
Product 

Most bromoxynil, ioxynil Axall EC 
annual and mecoprop 
broad-leaf 

weeds dicamba I MCP A Banvel 200 SC 
plus 
MCPA400 SC 

chlorsulfuron Glean 750 WDG 

tr:l 

tv 
2,4-Damine 2,4-D amine 400 SC 0\ 

orMCPA orMCPA400 

diflufenican + Cougar 100 
isoproturon + 500 sc 

mecoprop + Duplisan Super SC 
dichlorprop 
+MCPA 

mecoprop + MCP A Trimec SC 
+ dicamba 

MCPA +MCPB Tropotox Plus SC 
Select SC 

Application Rate 
of Product 

2 - 3.5 litres/ha 

350-700 ml 
+ 1.5- 21itres of 
MCPA/ha 

20 g/ha 
+ surfactant 

1.5 - 3 litres/ha 

1 litre/ha 

2. 5 li tre/ha 

3 - 4 litres/ha 

3 - 4 litres/ha 

Comments 

Winter or spring-sown wheat, barley & oats. 
Apply between growth-stages 14 & 30. 

Wheat, barley & oats. Apply between 
growth-stages 21 and 30 (see page E-79). 

Wheat, barley and oats. Apply between 
growth-stages 12 & 39. Requires surfactant. 

Wheat, barley, oats, ryecom and millet. 
Apply between growth-stages 15 and 30. 

Winter and spring cereals (except oats). 
Apply post-sowing up to growth-stage 30. 

Wheat, barley, oats and ryecom. Apply 
between growth-stages 13 and 30. 

Wheat, barley and oats. Apply between 
growth-stages 14 and 30 (page E-79). 

Wheat, barley and oats. Apply between 
growth-stages 12 and 30. 



Herbicides for Weeds in Cereal Crops (continued) 
(See Section 5.2.13, page E-28 for maize) 

Weed 

Wild oats 

Chemical (a.i.) Examples of 
Product 

fenoxaprop-P-ethyl PumaS 69 E 

tri-a/late Avadex Xtra 500 EC 

Application Rate 
of Product 

750 ml!ha 

2.8 litres/ha 

Comments 

Wild oats and lesser canary grass in wheat. Apply 
between growth-stages 13 and 29 (wild oats and 
canary grass). Add D-C Trate. 

Barley and wheat. Apply after final cultivation and 
within three weeks of planting crop. 
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5.2.13 Herbicides for Weeds in Maize 

Weed 

Grass weeds 
and some 
annual 
broad-leaf weeds 

Annual 
broad-leaf 
weeds 

Chemical 
(a.i.) 

alachlor 

acetochlor 

metolachlor 

dimethenamid 

atrazine 

terbuthylazine 

bromoxynil 

Examples of 
Product 

Lasso Micro-Tech EC 

Roustabout 840 EC 

Trophy 400 EC 

Dual Gold 960 EC 

Fronti,er 900 EC 

Gesaprim 500 
FWSC 

Gardoprim FW SC 

Emble:m 

Application Rate 
of Product 

7 litres/ha 

2.5 - 3 litres/ha 

6litres/ha 

2litres/ha 

1. 7 5 - 2 litres/ha 

3 litres/ha 

3 - 3.6 litreslha 

2.25 kg/ha 

Comments 

Apply immediately after sowing. 

Apply immediately after sowing. 

Apply immediately after sowing. 

Apply immediately after sowing. 

Apply immediately after sowing. 

Apply either as a tank-mix with a grass herbicide, or 
early post-emergence to actively growing weeds. 

Apply either as a tank-mix with a grass herbicide, or 
early post-emergence to actively growing weeds. 

Apply post-emergence when weeds are between 
cotyledon and eight true leaves stage. 



Herbicides for Weeds in Maize (continued) 

Weed Chemical (a.i.) Examples of Application Rate Comments 
Product of Product 

Most broad-leaf weeds dicamba Banvel 200 SC I - 1.5 litres/ha Apply when maize is 15 - 30 em high. 
including Docks and 
Californian thistle 

Couch, Mercer grass, nicosulfuron Amaze40 SC 1.5 - 2 litres/ha Apply post-emergence with Amaze Activator 
atrazine-resistant surfactant. For best results, use after a pre-
Fathen, annual grass emergence application of atrazine or metolachlor. 
and broad-leaf weeds Withholding period 56 days for silage. 
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All weeds pre and imazapyr/ imazethapyr Lightning 100- 150 g/ha Use only in maize with the Clearfield® gene, i.e., 
post emergence imidazolinone-resistant maize. 

0 



5.2.14 

Weed 

Annual 
broad-leaf 
weeds 

Grass weeds 

Herbicides for Weeds in Beans 

Chemical (a.i.) 

bentazone 

clomazone 

trifluralin 

Examples of 
Product 

Basagran 480 SC 

Magister 480 EC 

Treflan 480 EC 

Application Rate Comments 
of Product 

1.5 - 3 litres/ha Controls chamomiles, mayweeds, storksbill, cleavers and 
many other broad-leaved weeds. Only for dwarf beans. Apply 
when the crop has one to two trifoliate leaves. 

500 ml/ha 

1. 5 - 3 litres/ha 

Post-sowing, pre-emergence for dwarf beans. Controls many 
broad-leaved weeds. 

Controls many annual grass and broad-leaved weeds. Pre
planting soil incorporated for French and haricot beans. Use 
higher rate for clay soils. 

clethodim Centurion 240 EC 250 ml/ha Apply when grasses such as wild oats are in the 2 - 5 leaf 
stage. Requires spraying oiJ additive. 

fluazifop-P-butyl Fusilade 250 WDG 0.5- 1.5 kg/ha 

sethoxydim Poast 86 EC 1.5 - 2 litres/ha 

Controls annual and perennial grass weeds and wild oats. 
Apply when grasses are at the seedling stage. Requires 
wetting agent. 

Controls annual and perennial grass weeds and wild oats. 
Requires spraying oil additive. 



5.2.15 Herbicides for Weeds in Peas 

Weed Chemical (a.i.) Examples of Application Rate Comments 

Product of Product 

Most annual bentazone Basagran 480 SC 2 litres/ha + As for beans (previous page). 

broad-leaf weeds plusMCPB +MCPB400 2.5 litres/ha MCPB 

trifluralin Treflan 480 EC 1.5 - 2.5 litres/ha As for beans (previous page). 

cyanazine Bladex 50 SC 3 litres/ha Apply when crop is higher than 5 em. Addition of 
MCP A at 1- 1.4 litres/ha improves control of some 
species. 

m metribuzin Sencor 500 SC 500 g/ha Apply before crop reaches 15 em height. 
...., 

Grass and terbuthylazine Gardoprim 500 SC 1. 5 - 2 litres/ha Apply after sowing and before crop emergence. Do 
broad-leaf weeds not use on light sandy soils. 

Most grass weeds clethodim Centurion 240 EC As for beans. As for beans (previous page). 
including 
Wild oats fluazifop-P -butyl Fusilade 250 WDG As for beans. As for beans (previous page). 

Wild oats tri-al/ate Avadex Xtra 500 EC 2.8- 3.4litres/ha Applied pre-sowing. Use higher rate in dry soils or 
those with high organic matter content. 
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5.2.16 Herbicides for Weeds in Brassicas 
Turnips, kale, chou-moellier, rape, swedes 

Weed 

Thistles and other 
broad-leaf weeds 

Annual grass and 
broad-leaf weeds 

Grass weeds 

Chemical Examples of 
(a.i.) Product 

dicamba Banvel 200 SC 

clopyralid Versatill 
300 wsc 

trifluralin Treflan 400 EC 

dimethenamid Frontier 900 EC 

fluazifop-P-butyl Fusilade 

clethodim 

250WDG 

Centurion 
240EC 

Application Rate 
of Product 

700 - 850 ml/ha. 

0.5 - 1 litres/ha 

2 - 3 litres/ha 

1 - 1.25 litres/ha 

0. 75 - 1.5 litres/ha 

0.25 - 1.0 litres/ha 

Comments 

Controls a wide range of broad-leaved weeds. Apply 
at 4- 6leaf stage. Use lower rate for swedes as a 
salvage treatment only. May reduce yield in swedes. 

Controls thistles and yarrow. Apply after the two true 
leaf stage, but before canopy closure. Do not use if 
susceptible crops such as peas, potatoes or clover are 
to be sown within 12 months. 

Controls some annual grass weeds and many broad
leaved weeds as they germinate. Soil incorporated. 
Apply up to six weeks prior to sowing. 

Controls some grass and broad-leaved weeds. Apply 
after sowing. Can be mixed with trifluralin, applied 
before sowing, to extend number of species 
controlled. 

Controls wild oats and other grass weeds. Rate 
depends on the grasses to be controlled. Requires 
wetting agent. 

Controls wild oats and other grass weeds. Rate 
depends on the grasses to be controlled. Requires 
spraying oil. 



5.2.17 Herbicides for Weeds in Forage Crops (excluding brassicas) 

Crop Chemical (a.i.) Examples of Application Rate Comments 
Product of Product 

(Weed) 

Annual ryegrasses 

and Oats: 

annual bromoxynil/ Ax all 2 - 3.5 litres/ha Do not graze until after weeds have died down. 
broad-leaved ioxynil/ 
weeds me co prop 

MCP Aldicamba MCP A/dicamba 2- 3 litres + Do not graze until after weeds have died down. 

tn 0.25 - 0.35 litres/ha 

...., 
thistles clopyralid ...., Versatill 0.3 - 1 litre/ha Do not use if susceptible crops such as peas, potatoes 

or clover are to be sown within 12 months. 

Maize: various various Refer to maize (Section 5.2.13, page E-28). 
Observe stock withholding periods. 

Other Cereals: various various Refer to cereals (Section 5. 2.12, page E-26). 
Observe stock withholding periods. 



5.2.18 Herbicides for Weeds in Ryegrass Seed Crops 

Weed Chemical (a.i.) Examples of Application Rate 
Product of Product 

Broad-leaved diflufenican I Jaguar 1 - 1.5 litres/ha 
weeds bromoxynil 

bromoxynil, Axall EC 2.5 - 3.5 litres/ha 
ioxynil and 
me co prop 

mecoprop Trimec SC 3 - 4 litres/ha 
+MCPA 
+ dicamba 

MCPA+ Tropotox 3 - 4 litres/ha 
MCPB Plus SC; 

Select SC 

Poa annua ethofumesate Nortron 500SC 1.5 litres/ha 
Pasture Clear 

Wild oats and [enoxaprop-P-ethyl PumaS 69 E 750 ml/ha 
Lesser Canary 
grass 

Comments 

Controls field pansy and many other broad-leaved 
weeds. Apply after the 2-leaf stage. 

Controls range of broad-leaved weeds. Apply late 
autumn - early winter. 

Controls range of broad-leaved weeds. Apply late 
autumn - early winter, but before the ryegrass has 
reached jointing stage. Wetting agent required. 

Controls range of broad-leaved weeds. Apply before 
seed-head emergence. Also used in cocksfoot, 
dogstail and timothy seed crops. 

Controls barley grass, summer grasses and some 
broad-leaved weeds. Apply between April and July. 
Clover growth may be suppressed. 

Add D-C-Trate at 0.5% to spray mix. 
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5.2.19 

Weed 

Many 
broad-leaf 
weeds 

Herbicides for Weeds in Clover Seed Crops 

Chemical (a.i.) 

flumetsulam 

diflufenicanl 
bromoxynil 

MCPB 

MCPA 
+MCPB 

bentazone 
+MCPB 

Examples of 
Product 

Preside 800 WDG 

Jaguar 

MCPB400 

Tropotox Plus SC 
+Select SC 

Pulsar SC 

Application 
Rate of 
Product 

65 g!ha 

1 - 1.5 litres/ha 

3 litres/ha 

3 - 4 litres!ha 

4litres/ha 

Comments 

Controls many broad-leaved weeds, including buttercups 
and mallows. In white clover, application should be made 
after the fourth trifoliate leaf appears~ For other clovers 
apply after the sixth trifoliate leaf appears. Wetting agent 
required. 

Controls field pansy and other broad-leaved weeds. In 
white clover, application should be made after the founh 
trifoliate leaf appears. 

Controls a wide variety of annual and perennial broad-
leaved weeds, including thistles. In white clover crops, 
apply in spring after two trifoliate leaves have appeared 
and up until flowering. In red clover crops, apply when 
dormant before spring growth begins. 

As for MCPB. In white clover crops, apply in spring after 
two trifoliate leaves have appeared and up until flowering. 

Controls chamomiles, inayweeds, storksbill and nodding 
thistle. In white clover crops, apply in spring after two 
trifoliate leaves have appeared and up until flowering. 
Surfactant required. 



Herbicides for Weeds in Clover Seed Crops (continued) 

Weed Chemical (a.i.) 

Many broad-leaf imazethapyr 
weeds and annual and 
perennial grass weeds 

Examples of 
Product 

Spinnaker 240 WSC 

Grass weeds jluazifop-P-butyl Fusilade 250 WDG 

sethoxydim Poast 186 EC 

Application 
Rate of 
Product 

Comments 

0.3- 0.4litres/ha Controls many broad-leaved weeds and annual 
poa. Apply after the second trifoliate leaf 
appears. Wetting agent required. 

I kg/ha 

1.5 - 2 litres/ha 

Controls wild oats, rye grasses, couch and many 
other grass weeds. Apply in mid October after 
closing. Rate depends on the grass weeds to be 
controlled. Can be mixed with MCPB. Requires 
wetting agent. 

Controls annual and perennial grass weeds and 
wild oats. Requires spraying oil additive. 



5.2.20 Buying Seed: Identifying the Weed Seeds/Impurities 
from Information Provided on the Seed Analysis 
Certificate 

(Source: M.A.F.) 

In New Zealand-grown seed-lots, a number of other crop or weed seeds may be found. A list, 
using both botanical and common names, is given of the species likely to occur. 

Seed buyers should be aware of the risk of introducing unwanted weeds on to their properties 
through the use of contaminated seed-lots. 

They should identify the weed impurities by looking at the seed analysis certificate, find the 
botanical names of the species present, and use the following table to provide, if required, the 
common name accepted in New Zealand. 

Botanical Name 
Acacia sp. 
Acaena anserinifoliai 
Acaena ovina 
Achillea millejloium 
Agropyron repens 
Agrostis capillaris 
Agrostis sp. 
Aira caryophyllea 
Allium triquetrum 
Allium vineale 
Alopecurus geniculatus 
Alopecurus mysouroides 
Alopecurus pratensis 
Alternanthera philoxeroides 
Amaranthus sp. 
Ambrosia artemisiifolia 
Amphibromus neesii 
Amsinckia calycina 
Anagallis arvensis 
Andropogon sp. 
Anthemis arvensis 
Anthemis cotula 
Anthoxanthum odoratum 
Anthriscus sylvestris 
Aphanes arvensis 
Apiumsp. 
Arctotheca calendula 
Argemone ochroleuca 
Aristida sp. 
Arrhenatherum elatius 
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Common Name 
wattle 
piri piri 
Australian sheep's bur 
yarrow 
couch grass 
brown top 
bent 
silvery hairgrass 
three cornered garlic 
wild onion 
kneed foxtail 
black grass 
meadow foxtail 
alligator weed 
amaranth; redroot 
annual ragweed 
swamp wallaby grass 
yellow gromwell 
scarlet pimpernel 
Andropogon 
com chamomile 
stinking mayweed 
sweet vernal 
cow parsley 
parsely piert 
wild celery 
capeweeed 
mexican poppy 
wire grass 
tall oat grass 



A. elatius var. bulbosum 
Asphodelus jistulosus 
Aster sp. 
Aster subulatus 
Atriplex sp. 
Avenafatua 
Avena sativa 
Axonopus sp. 
Axyris sp. 
Barbarea sp. 
Bellis perennis 
Beta vulgaris 
Betula sp. 
Bidens sp. 
Bothriochloa decipiens 
Brassica sp. 
Brassica tournefortii 
Briza maxima 
Briza Minor 
Bromus mollis 
Bromus sterilis 
Bromus willdenowii 
Bulbinella hookeri 
Bupleurum sp. 
Calandrinia sp. 
Came/ina sativa 
Campanula sp. 
Capsella bursa-pastoris 
Cardaria draba 
Carduus nutans 
Carduustenuij1orus 
Carex longebrachiata 
Carex sp. 
Carrichtera annua 
Carthamus lanatus 
Carum carvi 
Cassia sp. 
Centaurea cyanus 
Centaurea solstitialis 
Centaurium sp. 
Cerastium sp. 
Chenopodium album 
Chloris acicularis 
Chloris gayana 
Chloris truncata 
Cichorium sp. 
Cirsium arvense 
Cirsium vulgare 
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onion twitch 
asphodel 
michaelmas daisy 
sea aster 
salt bushes, orache 
wild oat 
oat 
carpet grass 
pigweed 
winter cress 
daisy 
beet 
birch 
Beggars' tick; cobblers'pegs 
pitted blue grass 
wild turnip 
mediterranean mustard 
quaking grass 
shivery grass 
soft brome 
barren brome 
Prairie grass 
Maori onion 
slender hare' s-ear 
calandrinia 
false flax 
campanula 
shepherd's purse 
hoary cress 
nodding thistle 
Winged thistle 
Australian sedge 
Sedges 
Ward's weed 
saffron thistle 
caraway 
cassia 
cornflower 
yellow star thistle 
centaury 
mouse-ear chickweed 
fathen 
curly windmill grass 
Rhodes grass 
windmill grass 
Chicory, endive 
Californian thistle 
Scotch thistle 



Claytonia perfoliata 
Clematis sp. 
Collomia sp. 
Conium maculatum 
Conringia orienta/is 
Convolvulus arvensis 
Conyza sp. 
Coprosma sp. 
Coriaria sp. 
Coronilla varia 
Coronopus didymus 
Coronopus squamatus 
Cotula sp. 
Crepis capillaris 
Crotalaria sp. 
Cuscuta epithymum 
Cuscuta sp. 
Cynodon dactylon 
Cynosurus cristatus 
Cynosurus echinatus 
Cyperus sp. 
Cytisus scoparius 
Dactylis glomerata 
Datura stramonium 
Daucus carota 
Deschampsia caespitosa 
Desmodium sp. 
Deyeuxia avenoides 
Dianthus armeria 
Dicanthum sericeum 
Dichelachne crinita 
Digitalis purpurea 
Digitaria sp. 
Diplotaxis muralis 
Dracocephalum parviflorum 
Echinochloa crus-galli 
Echinochloa uti/is 
Echium plantagineum 
Echium vulgare 
Eleocharis sp. 
Elusine indica 
Emex australis 
Epilobium sp. 
Eragrostis cilianensis 
Eragrostis sp. 
Erechtites sp 
Erigeron annuus 
Eriochloa sp. 
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miner's lettuce 
clematis 
collomia 
hemlock 
hare's ear mustard 
field bindweed 
fleabane 
Coprosma 
tutu 
crown vetch 
twin cress 
wart cress 
cotula; soldier's button 
hawkesbeard 
crotalaria 
clover dodder 
dodder 
indian doab 
crested dogstail 
rough dogstail 
sedges 
broom 
cocksfoot 
thorn apple 
wild carrot 
tufted hair grass 
tick clover 
mountain oat grass 
Deptford pink 
Queensland bluegrass 
long-hair plume grass 
foxglove 
summer grass 
wall rocket 
American dragonhead 
barnyard grass 
Japanese millet 
Paterson's curse 
viper's bugloss 
spike rushes 
crowfoot grass 
spiny emex 
willow herb 
stink grass 
bay grass 
fire weed 
white-top 
cup grass 



Erodium botrys 
Erodium cicutarium 
Erodium moschatum 
Eruca vesicaria 
Erysimum sp. 
Eschscholzia californica 
Euphorbia pep/us 
Euphorbia sp. 
Euphrasia sp. 
Festuca arundinacea 
Festuca pratensis 
Festuca rubra 
Fimbristylis sp. 
Foeniculum vulgare 
Fragaria sp. 
Fumaria sp. 
Galega offcinalis 
Galeopsis tetrahit 
Galinsoga parviflora 
Galium aparine 
Galium mollugo 
Galium divaricatum 
Gentiana sp. 
Geranium dissectum 
Geranium molle 
Geranium pus ilium 
Geranium robertianum 
Geumsp. 
Glaucium flavum 
Glyceria sp. 
Gnaphalium sp. 
Hainardia cylindrica 
Haloragis erecta 
Heliotropium europaeum 
Hibiscus sp. 
Hieracium sp. 
Hirschfeldia incana 
Holcus lanatus 
Holcus mol/is 
Hordeum vulgare 
Hordeum murinum 
Hydocotyle sp. 
Hypericum sp. 
Hypochoeris glabra 
Hypochoeris radicata 
Juncus bufonius 
Lachnagrostis filiformis 
Lactuca sp. 
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long storksbill 
storks bill 
musky storksbill 
rocket 
treacle mustards 
Californian poppy 
milkweed 
spurge 
eyebright 
tall fescue 
meadow fescue 
Chewings fescue, red fescue 
fimbristylis 
fennel 
wild strawberry 
fumitory 
goat's rue 
hemp nettle 
galinsoga 
cleavers 
hedge bedstraw 
slender bedstraw 
gentian 
cut-leaved geranium 
dove's foot 
small-flowered geranium 
herb-Robert 
geum 
homed poppy 
sweet grass 
cud weed 
barb grass 
shrubby haloragis 
common heliotrope 
hibiscus 
hawkweed 
hoary mustard 
yorkshire fog 
creeping fog 
barley 
barley grass 
hydrocotyle 
StJohn's wort; tutsan 
smooth catsear 
catsear 
toadrush 
N.Z. windgrass 
wild lettuce 



Lagurus ovatus 
Lamium sp. 
Lapsana communis 
Leontodon autumnalis 
Leontodon taraxacoides 
Lepidium campestre 
Lepidium sp. 
Leptospermum scoparium 
Lespedeza sp. 
Leucanthemum vulgare 
Linaria vugaris 
Linum bienne 
Linum cartharticum 
Linum usitatissimum 
Lithospermum arvense 
Lolium temulentum 
Lolium sp. 
Lotus corniculatus 
Lotus suaveolens 
Lotus uliginosus 
Lupinus sp. 
Luzula sp. 
Lycium sp. 
Lythrum hyssopifolia 
Malva sp. 
Marrubium vulgare 
Matricaria matricarioides 
Matricaria perforata 
Medicargo arabica 
Medicargo lupulina 
Medicargo polymorpha 
Medicargo sativa 
Melilotus alba 
Melilotus indica 
Melinis minutiflora 
Mentha pulegium 
Microlaena stipoides 
Modiola caroliniana 
Mantia sp. 
Myosotis sp. 
Nasturtium sp. 
Navarretia squarrosa 
Nepeta cataria 
Nicandra physalodes 
Oenothera stricta 
Onobrychis viciifolia 
Ornithopus perpusillus 
Ornithopus sativus 
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harestail 
henbit; dead nettle 
nipple wort 
autumn hawkbit 
hawkbit 
field cress 
narrow-leaved cress 
manuka 
lespedeza 
ox-eye daisy 
toadflax 
Australian flax 
purging flax 
linen flax and linseed 
corn gromwell 
darnel 
ryegrass 
birdsfoot trefoil 
hairy birdsfoot trefoil 
lotus 
lupins 
wood rushes 
boxthorn 
loosestrife 
mallow 
horehound 
rayless chamomile 
scentless chamomile 
spotted bur medick 
black medick 
bur medick 
lucerne 
sweet clover 
King Island melilot 
molasses grass 
penny royal 
meadow rice grass 
creeping mallow 
dwarf montia 
forget-me-not 
water cress 
california stinkweed 
catmint 
apple of Peru 
sand primrose 
sainfoin 
wild serradella 
serradella 



Orobanche minor 
Oxalis sp. 
Panicumsp. 
Papaver rhoeas 
Papaver somniferum 
Parapholis incurva 
Parentucllia viscosa 
Paspalum dilatatum 
Pastinaca sativa 
Pennisetum clandestinum 
Phacelia sp. 
Phalaris aquatica 
Phalaris arundinacea 
Phalaris canariensis 
Phalaris minor 
Phalaris paradoxa 
Phleum pratense 
Phlox sp. 
Physalis peruviana 
Phytolacca octandra 
Picris echioides 
Pisum sativum 
Plantago coronopus 
Plantago lanceolata 
Plantago major 
Poaannua 
Poa pratensis 
Poa trivia/is 
Polycarpon sp. 
Polygonum aviclare 
Polygonum cornvolvulus 
Polygonum hydropiper 
Polygonum lapathifolium 
Polygonum persicaria 
Polypogon monspeliensis 
Portulaca oleracea 
Potentilla norvegica 
Potentilla recta 
Prunella vulgaris 
Psoralea sp. 
Puccinellia sp. 
Ranunculus jlammula 
Ranunculus parviflorus 
Ranunculus repens 
Ranunculus sardous 
Ranunculus sceleratus 
Raphanus raphanistrum 
Rapistrum rugosum 
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broom rape 
oxalis 
witchgrass 
field poppy 
opium poppy 
sickle grass 
tarweed 
paspalum 
wild parsnip 
kikuyu grass 
phacelia 
phalaris 
reed canary grass 
canary grass 
lesser canary grass 
gnawed canary grass 
timothy 
phlox 
cape gooseberry 
inkweed 
ox tongue 
pea 
buck's hom plantain 
narrow-leaved plantain 
broad-leaved plantain 
annualpoa 
kentucky bluegrass 
rough stalk meadow grass 
all seed 
wire weed 
combind 
water pepper 
pale willow weed 
willow weed 
beard grass 
wild portulaca, purslane 
norwegian cinquefoil 
tall cinquefoil 
seltheal 
psoralea 
salt grass 
spearwort 
small-flowered buttercup 
creeping buttercup 
hairy buttercup 
celery-leaved buttercup 
wild radish 
turnip weed 



Reseda lutea 
Reseda luteola 
Romulea rosea 
Rubus fruticosus 
Rudbeckia hirta 
Rumex acetosella 
Rumexsp. 
Rumex obtusifolius 
Rytidosperma sp. 
Saginasp. 
Sa/sola kali 
Saliva rejlexa 
Saliva verbenaca 
Sambusus nigra 
Sanguisorba minor 
Scabiosa sp. 
Schoenus sp. 
Scirpus sp. 
Scleranthus sp. 
Secale cereale 
Selliera radicans 
Senecio jacobaea 
Senecio vulgaris 
Sesamum indicum 
Setaria sp. 
Sherardia arvensis 
Sida sp. 
Silene pratensis 
Silene gallica 
Silene noctiflora 
Silene vulgaris 
Silybum marianum 
Sinapis alba 
Sinapis arvensis 
Sisymbrium officinale 
Sisymbrium orientale 
Sisyrinchium iridifolium 
Solanum nigrum 
So/iva sp. 
Sonchus arvensis 
Sonchus asper 
Sonchus oleraceus 
Sorghum bicolor 
Sorghum halepense 
Sorghum sudanense 
Spergula arvensis 
Spergularia maritima 
Spergularia rubra 
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cut-leaved mignonette 
wild mignonette 
onion grass 
blackberry 
black-eyed Susan 
sheep's sorrel 
dock 
broad-leaved dock 
danthonia 
pearl wort 
saltwort 
min tweed 
wild sage 
elder 
sheep's burnet 
scabious 
bogrush 
club-rush 
scleranthus 
ryecom 
selliera 
ragwort 
groundsel 
sesame 
bristle grass 
field madder 
sida 
white campion 
catchfly 
night-flowering catchfly 
bladder campion 
variegated thistle 
white mustard 
char lock 
hedge mustard 
oriental mustard 
purple-eyed grass 
black nightshade 
Onehunga weed 
perennial sow thistle 
prickly sow thistle 
sow thistle 
sorghum 
Johnson grass 
Sudan grass 
spurrey 
sea spurrey 
sand spurrey 



Sporobolus africanus 
Stachys arvensis 
Stellaria graminea 
Stellaria media 
Stipa trichotoma 
Stipa sp. 
Stylosanthes sp. 
Taraxacum officinale 
Teucrium botrys 
Thlaspi arvense 
Tori/is nodosa 
Trianthema sp. 
Trifolium arvense 
Trifolium campestre 
Trifolium dubium 
Trifolium fragiferum 
Trifolium glomeratum 
Trifolium hybribum 
Trifolium incarnatum 
Trifolium micranthum 
Trifolium ornithopodioides 
Trifolium pratense 
Trifolium resupinatum 
Trifolium repens 
Trifolium striatum 
Trifolium subterraneum 
Triticum aestivum 
Triticum durum 
Ulex europaeus 
Urtica sp. 
Vaccaria parviflora 
Valerianella sp. 
Verbascum sp. 
Verbena officina/is 
Veronica sp. 
Viciafaba 
Vicia sp. 
Viola arvensis 
Vulpia sp. 
Wahlenbergia sp. 
Xanthium spinosum 
Zea mays 
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ratstail 
stagger weed 
stitch wort 
chickweed 
nassella tussock 
needle grass 
stylosanthes 
dandelion 
cut-leaf germander 
penny cress 
hedgehog parsley 
pigweed 
haresfoot trefoil 
hop trefoil 
suckling clover 
strawberry clover 
clustered clover 
alsike clover 
crimson clover 
lesser suckling clover 
trigone! 
red clover 
reversed clover 
white clover 
striated clover 
subterranean clover 
wheat 
durum wheat 
gorse 
nettle 
cow cockle 
corn salad 
mullein 
vervain 
speedwell 
broad bean; tick bean; horse bean 
vetches 
field pansy 
vulpia hair grass 
harebell 
Bathurst bur 
maize, sweet corn 



5.3 INSECT PEST CONTROL 
(Contributed by R. B. Chapman; Soil, Plant and Ecological Sciences Division, 
Lincoln University). 

Argentine Stem Weevil Cereal Aphid Black Field Cricket 

Note: Diagrams of many other insect pests are included in Section 5. 3.19, page E-68. 

5.3.1 Introduction 

A wide range of insects and related animals attack farm crops and pastures. Many, if not 
adequately controlled, can cause severe damage and economic loss. It is not the intention of 
this short section to describe any of these pests in detail because information about them can 
be obtained from other sources, e.g., "New Zealand Pest and Beneficial Insects" (Editor, R.R. 
Scott, Lincoln University) and "AgFact" information sheets from AgResearch (see web-site 
www.agresearch.cri.nz -Publications- Search AgFacts). Diagrams and brief descriptions of 
common insect pests are, however, given in Section 5. 3.19, page E-68. The following notes 
are a brief introduction to the principles of insect pest control and integrated pest 
management. By following these principles effective pest control should be achieved. 

5.3.2 Information Required When Dealing with Pest 
Problems 

To achieve effective insect pest control, the following information should be gathered and 
evaluated before any control measures are applied: 

1. Correct identification of the pest(s) is essential to ensure the correct control method(s) 
are chosen. Expert advice is often needed. See Section 5.3.19, page E-68, for diagrams 
and descriptions of the adult and juvenile forms of many common insects. 

2. Obtain pest information about: 
Life-cycle, i.e., what stages are present and when they are likely to cause damage; 
Pest habits, e.g., how they cause damage, or whether.they transmit plant diseases; 
Plant host range, i.e., whether they occur on other types of plants, including weeds; 
Natural controlling factors, e.g., whether the pest is attacked by natural enemies, or 
affected by adverse weather conditions; 
Pest mobility, i.e., can the pest spread rapidly. 
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3. Decide the need for control measures- see Section 5.3.3, below. 

4. Select control methods - all possible control methods that may be useful against the 
pest should be considered. 

As a general rule, the earlier the control options are considered, the greater the number of 
options will be available. For example, in cropping it is usual to consider rotations, 
cultivations, cultivars, sowing date and environmental conditions, because all can be used to 
reduce pests. Insecticides therefore become the last option to consider. 
When considering an insecticide, consider the following points: 

Effectiveness against the pest(s) to be controlled (are specific pest recommendations on 
the insecticide label?). 
How the insecticide acts (does it have contact, systemic or fumigant action?). 
Toxicity (what specific safety precautions should be taken?). 

• Formulation (what method of application is required- spray or granule application?). 
Timing of application (when should an application be made in relation to both crop and 
pest stage?). 

• Number of applications (will repeat applications be needed to control later pest 
generations?). 

5.3.3 

Harm to beneficial species (will the insecticide or the timing of the application be 
harmful to beneficial species, e.g., predators, parasites and bees?). 
Cost (how do the costs of competing products compare?). 
Compatibility with other chemicals (will there be any adverse reactions with other 
chemicals in the sprayer tank?). 
Withholding periods (will the withholding period allow the safe return of stock to a 
treated pasture, or the harvesting of crops in a timely manner?). 

Pest Threshold levels 

Research has shown that many crop and pasture plants can withstand some pest attack without 
economic loss occurring. This has led to the development of several types of pest threshold 
levels. The simplest of these is the 'action tr..reshold', which is a level of pest infestation at 
which a control method is recommended. For example, the action threshold for the control of 
grass-grub in established pasture is approximately 100 grubs per square metre. The action 
threshold for porina in pasture is 20-40 caterpillars per square metre. For some pests a zero 
threshold is set, e.g., aphids that carry plant viruses. 

A more complex threshold level is the 'economic threshold'. This threshold takes into account 
the level of pests, the amount of damage caused, the value of lost production or quality, and 
the cost of control methods. Economic thresholds have been developed for porina caterpillars 
in pastures, and clover case-bearer moth in white clover seed crops: Your consultant or 
advisor should have more information about the calculation of these. 

Finding out how many insect pests are present in a crop or pasture is an important step in 
using threshold levels. Because it is not possible to count all the insects present, the insect 
populations must be sampled to estimate numbers. Sampling methods have been developed 
for grass-grub, porina, various aphids, springtails and crickets. Information about these can be 
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found in numerous advisory publications, including "AgFact" information sheets (see Section 
5.3.1, page E-45). 

5.3.4 Alternatives to Insecticides 

Although insecticides have been widely used in the past to control insect pests, there is now 
considerable pressure to reduce their use on economical and environmental grounds. This 
section outlines some of the main alternatives to chemical insecticides. (Editor's note: See 
also Section 7.5, page G-12). 

Cultural Control Methods 
Cultural control methods use normal farm cultural practices to disadvantage insect pests. 
However, to more effectively control pest populations, some modification to how and when 
these practices are carried out may be needed. Common examples of cultural practices that 
can control some pests include: 

Crop Rotation- sowing crops that are not botanically related in rotations of three to 
five years will help prevent the build-up of many pests. Crop rotations also effectively 
control many plant diseases. 
Cultivation- is very effective for controlling certain soil-dwelling insect pests, 
however, the timing and type of cultivation is critical. For example, ploughing is most 
effective against grass-grubs when pupae are present in the soil during early spring. 
Time of Sowing - the susceptible seedlings of some crops can be spared insect attack 
by sowing them when the pests are not present, e.g., autumn-sown cereals (cereal 
aphid). 
Irrigation - encourages plant growth and reduces the effect of insect feeding. Some 
insects are directly affected by excess water, e.g., porina caterpillars are readily 
flooded in burrows. 
Removal of crop residues, rogue plants and weeds - reduces the chances of insect pest 
over-wintering or transferring to new crops in spring. 
Mob Stocking - intensive stocking on pastures at particular times can reduce pests like 
grass-grub and porina. 

Plant Resistance 
Some plant species have the capability to deter pests, or to grow adequately in the presence of 
pests. This usually occurs as a result of the presence of certain chemicals within the plant, or 
physical features, e.g., presence of certain types of leaf hairs. Pest (and disease) resistant 
cultivars have also been selected by plant breeders, to exploit these features. A more unusual 
form of plant resistance is provided by the chemicals produced by endophytic fungi found in 
perennial grasses. Argentine stem weevil resistance in perennial ryegrass is an example of this 
type of plant resistance (see Section 3.1.2, page C-3). Genetic engineering is also being used 
to create new cultivars with resistance to insects, plants, diseases and herbicides. 

Where crop or pasture pests are frequent problems, the use of pest resistant plants or cultivars 
is often the most viable control option. When considering the use of resistant plants, it is 
important to remember that (see over page): 
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Resistance will not be conferred to all pests that may attack that crop. The pest 
resistance character(s) may not express themselves consistently under all growing 
conditions. 
Pests may sometimes overcome the resistance, i.e., be able to tolerate or overcome the 
plant's resistance mechanism. 

Seed merchants can provide further information on 'resistant' cultivars. 

Biological Control 
Biological control is the use of natural enemies to suppress pest populations. Insect pests are 
attacked by three main groups of natural enemies: 

Predators, e.g., ladybirds, lacewings, ground beetles. 
Parasites, e.g., parasitic wasps and flies. 
Pathogens, e.g., disease-causing micro-organisms including bacteria, fungi, 
nematodes, protozoa, viruses. 

Many of these natural enemies occur naturally, while others have been introduced into New 
Zealand. Natural enemies can be very effective at controlling some pests, however they are 
easily disrupted by insecticides and some cultural practices. It is important to realise that: 

Natural enemies are not available or suitable for all pests. 
Most natural enemies take time to suppress pest populations. 
Many natural enemies require quite specific conditions to work effectively. 

Where opportunities exist, it is important to conserve and enhance natural enemies of insect 
pests, because biological control is becoming an increasing part of modem pest management 
programmes. Good examples of recently introduced biological control agents include the 
parasitic wasp Microctonus hyperodae (introduced for the control of Argentine stem weevil 
in pastures and cereal crops), and the bacteria Serratia spp (for control of grass-grub). 

5.3.5 Integrated Pest Management 

Because of the many potential side-effects of chemical insecticides (pest resistance, residues 
in food, environmental contamination, effects on human health), complete dependence on 
chemical control is no\v being discouraged. Integrated pest ma..~agement is a modem pest 
control approach that aims to use all available control methods that are compatible (including 
insecticides), as well as taking advantage of factors that cause natural mortality in insect 
populations. 
Integrated pest management involves: 

Understanding the biology and ecology of pests, and the factors that regulate 
populations. 
Sampling and monitoring pest populations (and their natural enemies). 
A decision-making process ('action' or 'economic' thresholds) to determine when 
controls should be applied. 
Using a range of control methods (often at different times) to suppress populations 
below threshold levels. 
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5.3.6 Insect Pest Resistance Management 

Resistance can be defined as the ability of a proportion of a pest population to survive 
applications of a chemical (applied at the recommended rate) which was previously effective. 
The development of resistance is influenced by a number of factors, including: 

Genetics (through genes conferring resistance). 
Biological (type of reproduction of a pest). 
Type and frequency of the agrichemical used. 

Most insects have the potential to develop resistance to agrichemicals if they are sprayed 
frequently. Grass-grub, for example, became resistant to DDT and other insecticides that were 
once widely applied to pastures and arable crops. To minimise the risk of further resistance 
development, insecticide users need to adopt preventative strategies. It is better to aim to 
prevent development of resistance than to deal with resistance once it has occurred. 

The following general rules have been found to be useful: 
Do not rely solely on chemicals for pest control (see Section 5.3.4, page E-47, for 
altemati ves). 
Do not apply insecticides unnecessarily. If possible, spray according to need, rather 
than on a regular calendar schedule. 
Do not assume that resistance is always the cause of control failure. It may be due to 
inadequate spray coverage, inappropriate timing in relation to pest development, or 
unseasonal weather. 
If resistance is suspected, seek specialist advice. As an immediate response, apply an 
agrichemical from a different chemical group. 
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5.3.7 Insect Pest Control with Chemicals -General 

Please read the following carefully: (see also the Preface of this Manual and pp. E-3 to E-6) 
The tables on the following pages give examples of insecticides that have registered 
uses for insect pest control in pasture and other crops (in 2001). Use of insecticides that 
do not have registered uses (off-label use) may result in poor pest control and I or crop 
damage. Readers are advised to use registered products wherever possible. 

Not all examples of trade products are listed, however nothing is implied directly or 
indirectly by the omission or inclusion of any product. Consult detailed texts, such as 
the "Novachem Manual", if information is required about any product. 

The tables should be used only as a guide. The Editor and Publisher do not guarantee 
the control methods mentioned in the tables, and take no responsibility for any loss or 
injury. The label of any insecticide must always be read before use and the instructions 
followed. 

Product availability varies from time to time with the withdrawal of older products and 
the introduction of newer ones. Consult with a crop protection consultant or 
agrichemical company representative for up-to-date information on products and their 
uses. 

From time to time, new pests establish in pasture and other crops. Recent examples 
include clover root weevil and Tropical grass webworm. Registration of new uses on 
insecticide labels often takes several years and so stop-gap measures may be necessary. 
AgResearch scientists or chemical company representatives may be able to provide 
suggestions for short-term control involving both chemical andnon-chemical methods. 

Useful references: 

NovaChem Manual (see Section 5.4.1, page E-77). 
NZ Agrichemical Manual (see Section 5.4.1, page E-77). 
AgFact Publications (see Section 5.3.1, page E-45). 
New Zealand Pest and Beneficial Insects (see Section 5.3.1, page E-45). 
Foundation for Arable Research (FAR) Infobase (see Section 5.1.1, page E-3). 
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5.3.8 Insect Control in Pasture 1 and in R)legrass Seed Crogs 
(See also Time of Attack, pp.E-75 & 76; Insect Control in Clover Seed Crops in Section 5.3.9, page E-54; 
Slug Control in Section 5.3.1 0, page E-55). 

Pest Chemical Examples Application Rate Water Comments 
(a.i.) of Product of Product (litreslha) 

Argentine chlorpyrifos Lorsban 50EC 1.25 litres 100- 200 Apply when eggs present. 
Stem Weevil furathiocarb Promet 400 CS 25 ml/kg seed Seed Treatment. 

oxamyl Vydate L 2 litres 100-450 
phorate CropCare Phorate 5 kg/ha In furrow at sowing. 

Thimet20 G 5 kg/ha In furrow at sowing. 

Army chlorpyrifos Lorsban 50 EC 400ml 50-200 Apply when damage first 
tr:l Caterpillar seen. 
Vl (ArmyWorm) diazinon Diazinon 800 800ml 200 Apply when caterpillars 

actively feeding. 
fenitrothion Caterkil 1 000 600-900 ml 150-300 
me thorny! Lannate L 1.5 - 2 litres/ha Sufficient water to obtain 

uniform coverage. 
trichlorfon Trifon 1.8 - 2.4 litres/ha 

Black Field maldison Malathion 50 EC, or Soak 11 kg wheat in 300 ml When dry, spread at 
Cricket Yates Maldison 50 insecticide + water, 11 kg/ha. 

leave to soak overnight. 



Insect Control in Pasture1 and in Rxegrass Seed CroRs (continued) 
(See pp. E-75 & 76, Time of Attack; Section 5.3.9, Clover Seed Crops; Section 5.3.10, Slug Control) 

Pest Chemical Examples Application Rate Water Comments 
(a.i.) of Product of Product (litres/ha) 

Grass-grub chlorpyrifos Suscon Green 15 kg!ha Into seed furrow. 

diazinon Diazinon 20 G 11 kg/ha Broadcast over 
cultivated ground, or 
drill in with seed. 

Diazinon 800 3 litres 200 Apply just before or 
during rainfall. 

Gesapon20 G 11 kg/ha, or 5 .5 kg/ha 
if drilled with seed. 

ti1 
I 

imidacloprid Gaucho 500 g /100 kg seed 10 Ensure even coverage of 
Ul seed. N 

Serratia Invade 1litre 100 Apply to second or early 
entomophilia (biological control) third instar grubs. 

terbufos Counter20G 3-4 kg!ha In furrow at sowing. 

Lucerne Flea chlorpyrifos Chlorpyrifos 48 EC 200ml 50-200 Apply at first signs of. 
(Clover Flea) clover damage. 
(Springtails) Lorsban 50 EC 200ml 50-200 

diazinon Diazirion 800 350ml 200 

diflubenzuron Dimilin25W 50 g 100-200 Apply at first sign of 
damage 

dimethoate RogorE 500-750 ml 300-500 

fenitrothion Caterkil 1 000 300ml 100- 150 Ensure good coverage. 



Insect Control in Pasture1 and in R~egrass Seed Cro12s (continued) 
(See pp. E-75 & 76, Time of Attack; Section 5.3.9, Clover Seed Crops; Section 5.3.10, Slug Control) 

Pest Chemical Examples Application Rate Comments 
(a.i.) of Product of Product Water (1/ha) 

Porina chlorpyrifos Chlorpyrifos 48 EC 1.25 - 1. 7 litres 50-200 } Closely graze pasture 
Lorsban 50 EC 1.25- 1.7litres 50-200 } before treatment. 

diazinon Diazinon 20 G 5.5 kg/ha 
Diazinon 800 1 - 1.5 litres 200 
Gesapon20 G 5.5 kg/ha 

diflubenzuron Dimilin 25 W 50 g 100-200 Apply before caterpillars are 20 -
25 mmlong. 

fenitrothion Caterkil 1000 600 ml - 1.2 litres 150-300 Low rate if< 20 mm long, 
high rate if> 20 mm. 

trl trichlorfon Trifon 2.1 - 2.4 litres 170-220 
Vl 
w 

Red-legged alpha- Fastac 50 ml/ha Apply when damage first seen. 
Earth Mite cypermethrin 

Tasmanian alpha- Fastac 100- 150 ml 100-200 Use higher rate when larvae 
Grass-grub cypermethrin > 10 mm long. 

chlorpyrifos Lorban 50 EC 1.25 - 1.5 litres 100-200 Harrow dung patches before 
spraying. 

fenitrothion Caterkil 1 000 900 ml - 1.2 litres 200-300 As above. 



5.3.9 Insect Control in Clover Seed Cro~s 
(See also Time of Attack, pp. E-75 & 76; Slug Control, next page) 

Pest Chemical Examples Application Rate Comments 
(a.i.) of Product of Product Water (1/ha) 

Aphids lambda- Karate Zeon 40ml 200 Apply at first flower initiation. 
cyhalothrin 

pirimicarb Pirimor 50 250 g 200 (minimum) 

tau-jluvalinate MavrikFlo 150 ml/ha Plus a wetting agent. 
Control of blue green aphid. 

Clover Case 
Bearer Moth dichlorvos Nuvos 150- 220 ml 100-200 

ti1 
Mavrik Flo Plus a wetting agent. Apply in early tau-jluvalinate 150 ml/ha 

Ul 
December . .1:>-

Lucerne flea maldison Malathion 50 300-400 ml 200-400 
Yates Maldison 50 300-400 ml 200-400 

Mirids lambda- Karate Zeon 40ml 200 
cyhalothrin 

Nematodes furathiocarb Promet 400 CS 50 ml/kg seed Seed treatment. 



trl 
I 

VI 
VI 

5.3.10 Slug Control in Establishing Pastures and Other Crops 
Note: In situations where 'no-tillage' methods are used for establishment, many common insect pests (as listed on the other pages of 
this section) have the potential to cause damage, particularly where the resident population of the pest (in the soil or foliage) is left 
undisturbed. 
The information below applies to several species of slugs. 

Chemical (a.i.) 

metaldehyde 

methiocarb 

thiocarb 

Examples of 
Product 

Slugout 

Mesurol 

Dismissal 

Application Rate 
of Product 

15 kg/ha 

6- 10 kg/ha 

10 kg/ha 

Comments 

Apply evenly over ground, five to ten days before 
sowing. For established crops, apply at signs of first 
damage. 

Broadcast or band along drill rows. 

Mix with seed at drilling, or broadcast just before or just 
after drilling. 



5.3.11 Insect Control in Lucerne 

Pest Chemical Examples Application Rate Water Comments 
(a.i.) of Product of Product (litres/ha) 

Aphids chlorpyrifos Chlorpyrifos 48 EC 300-450 ml 100-200 
Lorsban 50 EC 300-450 ml 100-200 

deltamethrin Decis Forte 225 ml 250 (minimum) 

dimethoate Perfekthion S 240-400 ml 300-500 
RogorE 300-500 ml 300-500 

phorate Crop Care Phorate 5 kg/ha In furrow with seed. 
Thimet20 G 5 kg/ha In furrow with seed. 

pirimicarb Pirimor 50 200-250 g 200 (minimum) 

tr:l 
I 

Lucerne Flea mal dis on Yates Maldison 50 300-400 ml 200-400 
Ul (Springtails) Malathion 50 EC 300-400 ml 200-400 
0'1 

Root-knot Nematode fenamiphos Nemacur 400 EC 22 - 25 litres 200-300 Spot treatment only. 

Sitona Weevil azinphosmethyl Gusathion M35 1.4 kg/ha Sufficient water to 
cover. 

chlorpyrifos Lorsban 50 EC 600-800 ml 100- 200 Best in mid to late 
May. 

deltamethrin Decis Forte 225 ml 250 (minimum) 

fenitrothion Caterkil 1 000 600ml 150- 300 Apply late autumn and 
before egg laying 
begins. 



5.3.12 Insect Control in Brassicas 
Rape, turnip, chou-moellier (marrow-stem kale), fodder radish, swedes. 

Pest Chemical Examples Application Rate Water Comments 
(a.i.) of Product of Product (litres/ha) 

Aphids chlorpyrifos Chlorpyrifos 48 EC 300-400 ml 100-200 
Lorsban 50 EC 300-400 ml 100-200 

dichlorvos Nuvos 350-750 ml 200-400 Apply as a high volume spray. 

dimethoate Perfekthion S 650-800 m1 200- 1000 
RogorE 800 ml - 1 litre 300 

fenitrothion Caterkil 1 000 600ml 150- 300 At sowing or just before emergence. 

maldison Yates Maldison 50 3 litres 200-450 
ti1 Malathion 50 3 litres 200-450 
Ul phorate Thimet20 G 5 kg/ha In furrow at sowing. 
-..l 

CropCare Phorate 5 kg/ha In furrow at sowing. 
pirimicarb Pirimor 50 200-250 g 200 

terbufos Counter20 G 3 kg/ha In furrow at sowing. 

Cutworms lambda-cyhalothrin Karate Zeon 40ml 300 Apply spray to base of plant and 
surrounding soil. 

Nysius bug chlorpyrifos Chlorpyrifos 48 EC 1.25 litres 100-200 
(Wheat bug) Lorsban 50 EC 1.25 litres 100-200 

endosulfan Thiodan35 EC 150 ml 100 

fonitrothion Caterkil 1 000 600ml 150- 300 At sowing or just before crop 
emergence. 

terbufos Counter20 G 3 kg/ha In furrow at sowing. 



Insect Control in Brassicas (continued) 

Pest Chemical Examples Application Rate Comments 
(a.i.) of Product of Product Water (Vha) 

Springtails chlorpyrifos Lorsban 50 EC 200ml 50-200 1 - 2 days before crop 
emergence. 

diazinon Diazinon 800 350ml 200 1 - 2 days before crop 
emergence. 

dimethoate Perfekthion S 650-800 ml 200-1000 
RogorE 800 ml - 1 litre 300 

fenitrothion Caterkil 1 000 600ml 150-300 At sowing or just before 
emergence. 

maldison Yates Maldison 50 600ml 200-400 
Malathion 50 600ml 200-400 

tT:I phorate Crop Care Phorate 5 kg/ha In furrow at sowing. 
I Thimet20 G 5 kg/ha In furrow at sowing. Vo 

00 terbufos Counter20 G 3 kg/ha In furrow at sowing. 

Weevils fenitrothion Caterkil 1 000 600ml 150- 300 At sowing or just before 
emergence. 

phorate Crop Care Phorate 5 kg/ha In furrow at sowing. 
Thimet20 G 5 kg/ha In furrow at sowing. 

terbufos Counter20 G 3 kg/ha In furrow at sowing. 

White Butterfly & Bacillus thuringiensis XenTari WG 0.5- 1.0 kg 500- 1000 Use higher rate if pest 
Diamond-back pressure is high. 
Moth (caterpillars) diazinon Diazinon 800 800ml 110-170 

dichlorvos Nuvos 350-750 ml 200-400 As a high volume spray. 
lambda-cyhalothrin Karate Zeon 40ml 700 
maldison Malathion 50 3 litres 200-450 

Yates Maldison 50 3 litres 200-450 



5.3.13 Insect Control in Cereals 
Barley, wheat, oats, ryecom, triticale (see Section 5. 3.14, page E-61 for maize) 

Pest Chemical Examples Application Rate Comments 
(a.L) of Product of Product Water (1/ha) 

Aphids chlorpyrifos Lorsban 50 EC 240-400 ml 100-200 

diazinon Diazinon 800 800ml 200 Control of cereal aphids 

dichlorvos Nuvos 350-750 ml 220-450 

dimethoate Perfekthion S 560-640 ml 100-200 Cereal & grain aphids. Rates for high 
volume spraying to just before run-off. 

RogorE 700ml 100-200 Control of cereal and grain aphids. 
tr.l phorate Crop Care 5 kg/lm In furrow at sowing. 
VI Ph orate 
\0 Thimet20 G 5 kg/ha In furrow at sowing. 

pirimicarb Pirimor50 200-250 g 200 (minimum) 

Argentine chlorpyrifos Chlorpyrifos 1.25 litres 100-200 } Apply when eggs 
Stem Weevil 48EC } present on 

Lorsban 40 EC 1.5 litres 100-200 } lower leaf sheath. 

Army dichlorvos Nuvos 350-750 ml 200-400 
Caterpillar 
(ArmyWorm) fenitrothion Caterkil 1 000 600-900 ml 150- 300 

methomyl LannateL 1.5 - 2 litres/ha 

trichlorfon Trifon 1.8 - 2.4 litreslha Apply early evening under warm 
conditions. 



Insect Control in Cereals (continued) 
Barley, wheat, oats, ryecorn, triticale (see Section 5.3.14, over page, for maize) 

Pest Chemical Examples Application Rate Water Comments 
(a.i.) of Product of Product (litres/ha) 

Beetles dichlorvos Nuvos 350-750 ml 200-400 

Cutworm methomyl Lannate L 1.5 - 2 litres/ha 

Grass-grub phorate Crop Care Phorate 5 kg/ha In furrow at sowing. 
Thimet20G 5 kg/ha In furrow at sowing. 

terbufos Counter 20 G 3-4 kg/ha In furrow at sowing. 

Leaf-mining dichlorvos Nuvos 350-750 ml 200-400 
trl Insects 
0\ 
0 



5.3.14 Insect Control in Maize 

Pest Chemical Examples Application Rate Water Comments 
(a.i.) of Product of Product (litres/ha) 

Argentine furathiocarb Promet 365 CS 825 ml + 1 kg adsorbent 
Stem Weevil TZ 10powder 

per 80 000 seeds 

imidacloprid Gaucho 500 g I 100 kg seed 10 Ensure even coverage of 
seeds. 

phorate Crop Care Phorate 7.5- 10 kg/ha Band application at 
sowing. 

Thimet20G 7.5- 10 kglha Band application at 
sowing. 

til terbufos Counter20 G 5-7.5 kg/ha In furrow at planting. 
0\ 

ArmyWorm alpha-cypermethrin Fastac 150-200 ml 100 (aerial) Ensure thorough 
(Army 600 (ground) coverage. 
Caterpillar) carbaryl Carbaryl 80 W 1- 1.5 kg/ha } Use sufficient water to give coverage. 

Carbaryl 50 F 1.6- 2.4litres/ha 

chlorpyrifos Lorsban 50 EC 500ml 50-200 
Chlorpyrifos 48 EC 500ml 50-200 

cyjluthrin Baythroid SEC 500 mllha Sweetcom. 

cypermethrin Ripcord 200-300 m1 90- 120 Aerial application. 

esfenvalerate Sumi-Alpha 250ml 90- 120 Aerial application. 
> 

methamidophos Tamaron 1litre/ha Aerial application. 

trichlorfon + Partna 2.5 litreslha 
cypermethrin 



Insect Control in Maize (continued) 

Pest Chemical Examples Application Rate Water Comments 
(a.i.) of Product of Product (litres/ha) 

Australian phorate Crop Care Phorate 7.5- 10 kg/ha Band application at sowing. 
Soldier Fly Thimet20G 7.5- 10 kg/ha Band application at sowing 

Black Beetle imidacloprid Gaucho 500 g I 100 kg seed 10 litres Ensure even coverage of 
seeds. 

phorate Crop Care Phorate 7.5- 10 kg/ha Place above maize seed at 
depth of2 em. 

Thimet20 G 7.5- 10 kglha Place above maize seed at 
depth of 2 em. 

t:rl Greasy alpha-cypermethrin Fastac 50-200 ml 100 (aerial) 
0'1 Cutworm 600 (ground) 
N 

chlorpyrifos Lorsban 50 EC 500 ml 50-200 Ensure complete coverage of 
seedlings & surrounding soil. 

deltamethrin Decis Forte 450ml 250 Apply in evening to base of 
plants. 

endosulfan Thiodan 35 EC 2litres/ha 

esfenvalerate Sumin-Alpha 250ml 90- 120 Aerial application. 

lambda-cyhalothrin Karate Zeon 40ml 300 Direct spray to base of plant 
and surrounding soil. 

me thorny! Larmate L 1.5-2 litreslha 

Thrips diazinon Diazinon 800 1 litre 200-300 



5.3.15 Insect Control in Peas 

Pest Chemical Examples Application Rate Water 
(a.i.) ~{Product of Product (litres/ha) 

Aphids dimethoate Perfekthion S 650ml 500- 1000 
RogorE 800ml 500- 1000 

pirimicarb Pirimor 50 250 g 200 (minimum) 



5.3.16 Insect Control in Potatoes 

Pest Chemical Examples Application Rate Water Comments 
(a.i.) of Product of Product (litres/ha) 

Aphids acephate Orthene 75 250 - 500 g!ha Up to 750 g!ha if 
high populations. 

dimethoate Perfekthion S 650ml 500- 1000 
RogorE 800m1 500- 1000 

endosulfan Thiodan 35 EC 2 litres/ha 

methamidophos Tamaron 800m1 500- 1000 At first appearance. 
Monitor 800m1 500- 1000 At first appearance. 

phorate Crop Care Phorate 11 kg/ha In furrow at planting. 
Thimet20 G 11 kg!ha In furrow at planting. 

ti'J pirimicarb Pirimor 50 500 g 200-400 
0"1 
~ 

Cutworm esfenvalerate Sumi-Alpha 250 ml 300 (minimum) Direct spray to base 
of plants. 

Looper Caterpillar endosulfan Thiodan 3 5 EC 2 litres!ha 

Potato Cyst fenamiphos Nemacur 400 EC 20 litres!ha Use sufficient water 
Nematode to give even 

covering. 



Insect Control in Potatoes (continued) 

Pest Chemical Examples Application Rate Comments 
(a.L) of Product of Product Water(Vha) 

Potato Moth acephate Orthene 75 250 - 500 g/ha 
(tuber moth) 

azinphos-methyl Azinphos Methyl 50 W 0.8- 1.1 kg/ha In enough water to give coverage. 
Azinphos Methyl35 F I.6 litres/ha 
Gusathion M 35 I. 4 kg/ha In enough water to give coverage. 

Carbaryl Carbaryl 50F 2.4 - 4.8 1/ha Apply at first signs of pest damage. 
Sevin WP 1.5 - 3.0 kg/ha Apply at first signs of pest damage. 

cyfluthrin Baythroid 5 EC 500 ml/ha 

ti1 deltamethrin Decis Forte 450ml 500-600 
0"1 
VI 

endosulfan Thiodan 35 EC 200ml IOO 

lambda-cyhalothrin Karate Zeon 40ml 500 

methamidophos Tamaron I litre 500- 1000 
Monitor I litre 500-1000 

Wireworm phorate Crop Care Phorate II kg/ha In furrow at planting. 
Thimet20 G 11 kg/ha In furrow at planting. 



tT:I 

0\ 
0\ 

5.3.17 Insect Control in Stored Grain 
Note: Fumigants have not been included here. Fumigants may be more useful when both rodents and insects are a problem in grain 
storage facilities. 

Pest Chemical Examples 
(a.i.) of Product 

Beetles and Moths 
(Saw tooth grain dichlorvos Nuran 100 EC 
beetle, 
granary weevil, maldison Malathion 50 EC 
maize weevil, 
rice weevil, Yates Maldison 50 
Angoumois 
grain moth) pirimiphos-methyl Actellic 50 EC 

Actellic dust 
Actellic Smoke 
Generator 

Mites dichlorvos Nuvos 

Amount 
of Product 

10 mll tonne of grain 

16 mll400-1000 ml of 
water I 1 000 kg grain 
500 ml in 10 litres water 

8 mll tonne of grain 
100 ml in 10 litres 
200 g I tonne of grain 
1 generator I 500 cubic 
metres 

10 mll tonne of grain 

Comments 

Treat grain on moving conveyor system. 

Treat grain on moving conveyor system. 

Apply to walls, floor and machinery, 
three to seven days before storing grain. 

Spray on walls and floors to run-off. 
Mix thoroughly with grain. 
Use before grain placed in storage. 



5.3.18 Insect Control in Forest!l: and Shelter 

Pest Chemical Examples Application Rate Comments 
(a.i.) of Product of Product Water (1/ha) 

Caterpillars deltamethrin Decis Forte 36ml 100 Apply to Pinus seedlings every two to 
three weeks from emergence. 

Eucalyptus Tortoise Beetle deltamethrin Decis Forte 450 ml/ha Add 500 ml of butyl dioxitol per litre 
for aerial application. 

Grass-grub Beetle cypermethrin Ripcord 50ml 100 Apply over beetle feeding period at 
six to eight day intervals. 

Hylastes Bark Beetle carbosulfan Marshal Suscon 10 g I tree Place granules in hole when plant 
til Pznus radiata. 
0'1 
-...J 

Thrips deltmethrin Decis Forte 36ml 100 



5.3.19 

5.3.19.1 

Diagrams and Descriptions of Common Insect Pests 

Beetles and Weevils 

Black beetle, Heteronychus arator 
Adults: Glossy black beetle, 12- 15 mm in length. 
Larvae: Soft, creamy, C-shaped body with hard head 
capsule. Up to 25 mm when fully grown. 
Damage: Adults and larvae feed on the roots of grasses, 
maize and other crops. Larval damage is greatest in 
summer. 

Grass-grub, Costelytra zealandica 
Adults: Shiny, light to dark brown. About 10 mm long. 
Larvae: Soft, creamy-white, C-shaped body with light 
brown head capsule. Final instar 15 - 20 mm long. 
Damage: Adults feed on emerging seedling crops, and tree 
crops during spring. Larvae feed on roots of most plants 
during autumn and winter. 

Tasmanian grass-grub, Acrossidius tasmaniae 
Adults: Dark brown to black with a shovel-shaped head. 
About 10 mm long. 
Larvae: Blue-grey colour tending towards a creamy colour 
as they mature. Head capsule dark brown, 15 - 20 mm 
when mature. 
Damage: Larvae feed on pasture foliage during autumn and 
winter. Adults do not cause significant damage. 
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Agentine stem-weevil, Listronotus bonariensis 
Adults: Earth-grey clour, 2 - 3 mm long. Pronounced snout 
on head. 
Larvae: Soft, yellow-white body, brown head capsule. No 
legs, up to 4 mm when fully grown. 
Damage: Larvae burrow in the tillers of susceptible grasses 
and stems of maize and other cereals. Adult feeding on 
foliage is not significant. 

Sitona weevil, Sitona discoideus 
Adults: About 5 mm long, dark-greyish brown and three 
white stripes on body behind head. 
Larvae: Pale yellow-cream larvae about 5 mm long when 
fully mature. Orange-brown head capsule, no legs. Live in 
root nodules. 
Damage: Larvae burrow into the root nodules on lucerne. 
Adults may cause notching of lucerne leaves. 

White-fringed weevil, Naupactus leucoloma 
Adults: Greyish and about I 0 mm long. Pronounced snout, 
and light coloured band along each side of the body. 
Larvae: Creamy white, legless and 10- 15 mm long when 
mature. 
Damage: Larvae feed on the roots oflegumes and other 
crops. Adults are foliage feeders, but this is seldom 
significant. 

Granary weevil, Sitophilus granaries 
Adults: Reddish-brown, 3 - 4 mm long. 
Larvae: Pale cream, legless. 
Damage: Larvae feed inside whole grain and seeds, 
completely destroying them. Adults chew holes in grain or 
seeds in which to lay eggs. 

Wireworm, various species 
Adults: Elongated, flattened beetles, dark brown to black. 
About 20 mm long. 
Larvae: Tough, wire-like appearance and smooth. Cream to 
brown in colour, 20 - 30 mm long. 
Damage: Larvae cause damage to the roots of a wide 
variety of crops including cereals and potatoes. Adults do 
not cause damage. 
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5.3.19.2 Caterpillars 

Green looper caterpillar, Chrysodeixis eriosoma 
Adults: Dark brown iridescent forewings, with two golden 
spots near the centre. Wing-span 30- 38 mm. 
Larvae: Pale green with whitish stripe down side. Fully
grown caterpillars are 30 - 40 mm long. 
Damage: Caterpillars chew holes in foliage on potatoes, 
beans, tomatoes and other plants. Adults do not damage 
crops. 

Greasy cutworm, Agrotis ipsilon aneituma 
Adults: Grey-brown to brown moths with darker patches on 
forewings. Wing-span about 50 mm. 
Larvae: Appear greasy, and range in colour from light grey 
to dark brown. Assume a curled position. Up to 50 mm 
long. 
Damage: Caterpillars chew seedlings off at, or just below, 
ground level of cereals, maize, grasses, lucerne and other 
crops. 
Moths do not cause damage. 

Army worm, several species. 
Adults: Brown, with whitish streaks on wings. 
Wing-span 40 mm. 
Larvae: Variable in colour. About 40 mm long when 
mature. 
Damage: Army worm caterpillars can move across crops 
and pastures in large numbers, defoliating plants on a wide 
front. 
Adult moths do not cause damage. 

Porina, Wiseana spp 
Adults: Pale brownish-black to dull yellowish-brown. 
Wing-span 30 - 40 mm. 
Larvae: Greyish-yellow bodies, dark brown heads, up to 70 
mm. 
Damage: Caterpillars form burrows and emerge at night to 
defoliate pasture plants. Adult moths do not feed. 
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Diamond-back moth, Plutella xylotstella 
Adults: Greyish moth with several diamond-shaped patterns 
along midline. Wingspan about 10 mm. 
Larvae: Pale green, about 10 mm long when fully grown. 
Damage: Caterpillars feed on the foliage ofbrassica crops, 
and are particularly damaging to newly emerging leaves. 

White butterfly, Pieris rapae 
Adults: Creamy-white wings with dark markings. Wing
span about 50 mm. 
Larvae: Velvety-green with a thin orange stripe down 
midline. Fully grown caterpillars are about 25 mm long. 
Damage: Caterpillars chew leaf tissue from between the 
veins ofbrassicas. More commonly found on the outer, 
maturing leaves. 

Clover case-bearer moth, Coleophora spp. 
Adults: Metallic greenish-black wings. About 5 mm long. 
Larvae: Pale yellow caterpillars, up to 4 mm long. 
Damage: Caterpillars feed on the developing seeds in 
clover flowers. Adult moths cause no damage. 

Potato moth, Phthorimaea operculella 
Adults: Grey-brown wings. Wing-span 10- 12 mm. 
Larvae: Pinkish-green in colour, up to 20 mm when 
mature. 
Damage: Caterpillars mine in the foliage and exposed 
tubers of potatoes. Adult moths cause no damage. 

Angoumois grain moth, Sitotroga cerealella 
Adults: Narrow, buff coloured wings. About 15 mm long. 
Larvae: White larvae that bore into kemeis of grain. 
Damage: Caterpillars burrow into, and feed on, stored 
whole grains. Adult moths cause no damage. 
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5.3.19.3 Piercina- suckina Insects 

~ 
1~ 

Cereal aphid, Rhopalosphum padi 
Adults: Wingless forms are bottle-green, while winged 
forms blackish-green. Adults 2 - 3 mm long. 
Nymphs: Smaller version of wingless forms. 
Damage: Adults and nymphs suck sap from cereal 
seedlings and transmit barley yellow dwarf virus. 

Corn leaf aphid, Rhopalosiphum maidis 
Adults: Similar to cereal aphid. 
Damage: Adults and nymphs feed on a range of cereal 
crops, and can transmit barley yellow dwarf virus. Probably 
not as important as cereal aphid. 

Grain aphid, Sitobionfragariae 
Adults: Pale green to apple-green, with long dark comicles 
protruding to the rear. Body length 2 - 4 mm. 
Nymphs: Smaller, wingless version of adults. 
Damage: Adults and nymphs suck the sap from wheat, 
causing reduced grain-set and shrivelling of grain. May 
vector barley yellow dwarf virus, but not as important as 
cereal aphid. 

Green peach aphid, Myzus persicae 
Adults: Wingless females greyish-green heads, pale yellow 
to green bodies. Winged females have black heads, yellow, 
brown or green bodies. Body length 2 mm. 
Nymphs: Smaller, wingless version of adults. 
Damage: Adults and nymphs suck the sap of a wide variety 
of crops. It is an important vector of many virus species, 
including potato leaf roll, cauliflower and turnip mosaic 
viruses. 
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Shield bug, Several species 
Adults: BroWn or green depending on species. Body length 
up to 13 mm. 
Nymphs: Smaller version of adults, but lack wings. 
Damage: Shield bug adults and nymphs suck the sap from 
the stems, leaves and fruit of a wide range of crops. Green 
vegetable bug is a major pest of sweet com, damaging 
developing kernels. Brown shield bugs are common found 
in legume and grass seed crops. 

Australian crop mirid, Sidnia kinbergi 
Adults:- Pale green and brown (females), or brown (males). 
Body length 4 - 6 mm. 
Nymphs: Pale yellow-green, similar to adults but lack 
wings. 
Damage: Adults and nymphs suck the sap from pasture and 
forage crops. Cause damage to developing buds, flowers 
and seeds. 

Potato mirid, Calocoris norvegicus 
Adults: Pale green to brown. Body length 6 - 9 mm. 
Nymphs:· Smaller version of adults without wings. 
Damage: As for Australian crop mirid. 

Wheat bug, Nysius huttoni 
Adults: Dull brownish-grey. Body length about 4 mm. 
Nymphs: Grey or brown-grey, up to 2 mm in length. No 
wings. 
Damage: Under dry conditions, large numbers of wheat bug 
can move on to developing wheat grains. Salivary enzymes 
are responsible for the "sticky dough" condition from bug
infested wheat that has been milled for flour. 
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5.3.19.4 Other Insects and Mites 

Springtails (clover, lucerne flea), various species 
Adults: Green or yellowish"green, with dark patches. No wings, 
body length up to 5 mm. 
Nymphs: Smaller version of adults. 
Damage: Adult and immature springtails rasp tissue from the 
surfaces of crop seedlings, clover and lucerne. 

Black field cricket, Teleogryllus commodus 
Adults: Black, 25 - 35 mm long. Enlarged hind legs for jumping. 
Females have a sword-like ovipositor at rear. 
Nymphs: Smaller than adults, but without developed wings. 
Damage: Adults and nymphs emerge from cracks in soil and 
defoliate pasture grasses. They will also destroy seeds and 
seedlings. 

Thrips, various species 
Adults: Small slender insects, 1 - 3.5 mm long. Two pairs of 
narrow, fringed wings. 
Nymphs: Generally white or yellowish without developed wings. 
Damage: Thrips rasp away at the surface of crop leaves, causing a 
typical silvering of the leaf surface. 

Stored product mites, various species 
Adults: Generally pinkish or white with four pairs oflegs. Body 
often covered in long hairs. Body length about 0.5 mm. 
Damage: Cereal mites attack the germ tissue of wheat and other 
cereals in storage, making them useless for seed or malting. They 
thrive in grain with a moisture content above 12 %. 

Leaf mining insects, various species 
Adults: Small moths or flies. 
Larvae: Small caterpillars or maggots that burrow between the 
upper and lower leaf surfaces. 
Damage: Larvae leave characteristic, often twisting, leaf mines. 
Mines may join together and cause larger blotch mines. 
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3.3.20 Time of Pasture-Pest Attack in the North Island 

The diagram shows the seasonal spread of the damaging stages of pasture-pests. The 
thickness of the line indicates the relative probability of pasture damage. 
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Source: Pasture Renovation Manuall993. 
NZ Pastoral Agricultural Research Institute Ltd. 
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5.3.21 Time of Pasture-Pest Attack in the South Island 

The diagram shows the seasonal spread ofthe damaging stages of pasture-pests. The 
thickness of the line indicates the relative probability of pasture damage. 
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Source: Pasture Renovation Manuall993. 

• 

NZ Pastoral Agricultural Research Institute Ltd. 
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5.4 DISEASE CONTROL IN CROPS 
(Revised by M.Cromey, Crop & Food Research Ltd, Lincoln) 

5.4.1 Introduction 

Most crop diseases can be sorted conveniently into three groups, based on their main method 
of spread. The three groups-are as follows:-

Seed-borne 
Air-borne, including splash dispersal and spread by insects 
Soil-borne · 

Information on these aspects of the life-cycle of plant diseases is essential in determining the 
strategies that can be used for their control. 

Disease Control Programmes 
There are four main control methods: 

• Reduce or eradicate the sources of plant diseases 
This is primarily concerned with hygiene, and is based on the old adage that 
"prevention is better than cure". Rotation of crops is also important here. 

• Alter the environment 
Where practical, alter the environment (soil, crop and storage) in favour of the host 
plant, so reducing the chances of diseases becoming established (and I or slowing 
down their rate of spread) in crops. 

• Use resistant cultivars 
Most plant breeding programmes have, as one of their aims, the development of new 
cultivars that are more resistant to diseases than those they are to replace. This is the 
best method of control, and for many diseases there are good resistant cultivars. 

• Protect the host plant 
In general it is still necessary to rely on chemicals for protection, although there has 
been some success with the use ofbiological control of plant diseases. 

Use of Chemicals (see also the Preface of this Manual) 
The various chemicals used in crop disease control are tabulated in the following pages. The 
list is not complete, and the use of alternative chemicals should be discussed with your local 
advisory people (chemical company representatives, advisors, etc.). In addition, consider the 
correct time of application of sprays for maximum control of diseases. With all chemicals 
read the label for notes on rates of use and hazards associated with their use. See also 
Section 5.1, pp. E-3 to E-6 for use of chemicals in general, and toxicity levels. 

There are frequent changes in chemical registrations. The information supplied here is 
based largely on two Agrichemical manuals (as at December 2001). Consult the most recent 
issues for current information. Copies are available at most agricultural suppliers, some 
bookshops, and can be obtained directly from the publishers: 

N.Z. Agrichemical Manual Novachem Manual 
WHAM Chemsafe Limited Poplar Road 
P 0 Box 11-092 RD 4 
Wellington Palmerston North 
Telephone: (04) 381-4653 Telephone: (06) 329-1801 
Fax: (04) 381-4654 Fax: (06) 329-1803 
Web-site: www.spraybible.com Email: novachem.services@xtra.co.nz . 
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Fungicides (see also page E-88) 
The following information relates to the use of fungicides to protect the plant. 

Fungicides are applied in a number of ways to crops - as seed treatments, as sprays or 
dusts, and as granules (often applied into the soil). 

Roles and Types of Fungicides: 
Protectant -applied to outside surfaces of the plant and interfere with infection of 
the plant by pathogens (disease-causing organisms); for example, copper 
oxychloride, captan, thiram. 
Eradicant- these, as well as protecting, have limited movement into the plant to 
eradicate established infections, e.g., dodine (Melprex 40, etc.) used for black-spot 
control in apples. 
Systemics- these have been developed since 1965, and will act as both protectants 
and eradicants, as well as being able to move through the plant in an upward 
direction in the xylem, or water transport pathway. There are a number of different 
compounds available, e.g., benomyl, propiconazole, triadimenol, terbuconazole, 
epoxiconazole. 

There are two difficulties associated with the use of systemics. Most have a 
narrow spectrum of activity, inhibiting some fungal organisms and not others. 
Thus, it is essential to know the range of organisms that are affected by each. In 
order to obtain effective control of two or more diseases, it may prove necessary to 
use mixtures of two systemics, or mixtures of a systemic with a protectant. The 
other disadvantage of systemics is that a number of fungal organisms can develop 
resistance to their action. 
Strobilurins- fungicides belonging to the strobilurin group are synthesised 
derivatives of naturally occurring compounds. They have curative and systemic 
properties to a greater or lesser extent, depending on the particular fungicide. 
Often they are combined with fungicides from other groups (such as triazoles). 

Timing of Application (see also page E-88) 
An important part of successful and economic use of fungicides is to optimise their 
time of application. 
Monitoring of crops for disease, along with information on cultivar resistance and 
local knowledge of disease pressures, will provide important information on which 
to base decisions on fungicide type and time of application. 

Fungicide Resistance Management Strategies 
Fungicide resistance is most common against systemic fungicides, which frequently 
target a single metabolic reaction in the pathogen. 
The aim of resistance management strategies is to minimise the likelihood of 
fungicide resistance becoming established in pathogen populations. 
Strategies use a number of methods, such as alternating the use of a systemic with a 
protectant, or using systemics from different groups, limiting the number of times 
fungicides from a particular group are used in one season, using them early in the 
development of epidemics, and complying with label application rates. 

Growth Stages of Crops 
In order to explain the control of diseases, it is necessary to understand the growth stages of 
cereals and grasses. A description of the growth stages is provided over page, and 
corresponding diagrams are shown on pages E-82 to 84. 
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The growth stages are given a two digit decimal code (see first column, below). The 
'Feekes Scale' (less commonly used) is also shown in the third column (below). 
Source: Tottman, D.R., and Makepeace, R.J. 1979. An explanation of the decimal code for 
the growth stages of cereals. Annals of Applied Biology, 93: 221 - 234. 
(Note: Diagrams of plants at different growth stages are on pages E-82 to 84) 

2-digit General Description Feeke's Additional remarks on wheat, 
Decimal tJf Growth Stage Scale barley, rye, and oats 
Code 

Germination 

00 Dry seed 
01 Start of imbibition 
02 
03 Imbibition complete 
04 
OS Radicle emerged from caryopsis 
06 
07 Coleoptile emerged from caryopsis 
08 
09 Leaf just at coleoptile tip 

Seedling growth 

10 First leaf through coleoptile 
}1 11 First leaf unfolded Second leaf visible(< 1 em) 

12 2 leaves unfolded "' 13 3 leaves unfolded 
14 4 leaves unfolded 
15 5 leaves unfolded 

>-16 6 leaves unfolded 50% oflaminae unfolded 

17 7 leaves unfolded 
18 8 leaves unfolded 
19 9 or more leaves unfolded ./ 

Tillering 

20 Main shoot only 
21 Main shoot and !tiller 2 
22 Main shoot and 2 tillers 
23 Main shoot and 3 tillers 
24 Main shoot and 4 tillers 
25 Main shoot and 5 tillers 

~ 
This section to be used to 

26 Main shoot and 6 tillers 3 supplement records from other 

27 Main shoot and 7 tillers sections of the table~· "concurrent 

28 Main shoot and 8 tillers codes'' 
29 Main shoot and 9 or more tillers 

Stem elongation 

30 Pseudo stem erection 
a 

4-5 
31 First node detectable 6 

) } 
Jointing stage 

32 Second node detectable 7 
33 Third node detectable 
34 Fourth node detectable Above - crown nodes 
35 Fifth node detectable 
36 Sixth node detectable 
37 Flag leaf just visible 8 
38 
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2-Digit General Description Feeke's Additional remarks on wheat, 
Code· of Growth Stage Scale barley, rye, and oats 

39 Flag leafligule I collar just visible 9 Pre-boot stage 

Booting 

40 
41 Flag leaf sheath extending Little enlargement of the 

inflorescence, early-boot stage 
42 
43 Boots just visibly swollen Mid-boot stage 
44 
45 Boots swollen 10 Late-boot stage 
46 
47 Flag leaf sheath opening 
48 
49 First awns visible In awned forms only 

Iriflorescence emergence 

50 First spikelet of inflorescence N 10.1 51 just visible s N= non-synchronous crops 
52 Y. of inflorescence emerged N 10.2 S = synchronous crops 
53 s 
54 Y:. of inflorescence emerged N 10.3 55 s 
56 

% of inflorescence emerged N 10.4 57 s 
58 Emergence of inflorescence N 10.5 59 Completed s 

Anthes is 

60 } Beginning of anthesis {; 10.54 Not easily detectable in barley 
61 
62 
63 
64 } { ; 65 Anthesis half-way 

66 
67 
68 } Anthesis complete {; 69 

Milk development 

70 
71 Caryopsis water ripe 10.54 
72 -
73 Early milk 

} 74 -

} 
Increase in solids ofliquid 

75 Medium milk 11.1 endosperm notable when 
76 - crushing the caryopsis 
77 Late milk between fmgers 
78 
79 
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2-Digit 

Code 

80 
81 
82 
83 
84 
85 
86 
87 

88 
89 

90 
91 

92 

93 
94 

95 
96 

97 
98 
99 

--

a 

b 

c 

General Description 
of Growth Stage 

Dough development 

Early dough 

Soft dough 

Hard dough 

Ripening 

Caryopsis hard (difficult to divide 

by thumb-nail) b 
Caryopsis hard (can no longer be 

dented by thumb-nail) c 
Caryopsis loosening in day-time 
Over-ripe, straw dead and 
collapsing 
Seed dormant 
Viable seed giving 50% 
germination 
Seed not dormant 
Secon<iary dormancy induced 
Secondary dormancy lost 

} 

Feeke's 

Scale 

11.2 

11.3 

11.4 

Additional remarks on wheat, 
barley, rye, and oats 

Finger-nail impression not held 

Finger-nail impression held, 
inflorescence losing chlorophyll 

Only applicable to cereals with prostrate or semi-prostrate early growth habit. 

Ripeness for binder (about 16% water content). Chlorophyll of inflorescence largely lost. 

Ripeness for combine harvester(< 16% water content). 
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Growth Stages of Crops (see detailed descriptions on pages E-79 to E-81) 

/ 
One shoot with 1 or 2 unfolded leaves 

This is the seedling growth phase 

~ 
Main shoot with 4 unfolded leaves 

and 2 or 3 tillers 
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~ 
Main shoot with 3 unfolded leaves 

and 1 or 2 tillers 
This is the start of the ti 

~ 
Main shoot with 5 unfolded leaves 

and approx 5 tillers 
Leaf sheaths have begun to lengthen 



~ 
Leaf sheaths erect 

The plant has an upright appearance 
This is the start of the Stem Elongation phase 

Second node detectable at 
the base of the main shoot 
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First node detectable at 
the base of the main shoot 

Flag leaf just visible 



Flag leaf ligule visible 

First awns visible 
This is the end of the Booting phase 
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Boot swollen 
This is the Booting phase 

Ear emergence complete, 
start of flowering 



5.4.2 Cereal Crop Diseases (including Maize) 

This section provides information about the most common diseases of cereal crops, and how 
to control them. 

The information is listed as follows: Foliar Diseases (below), Stem-base & Root Diseases 
(page E-87); Ear Diseases (page E-88); Foliar Fungicides (E-88); Seed Treatments (E-88). 
Information on Resistant Cultivars & Cultural Control can be found on page E-89. 

Foliar Diseases 

Barley Yellow Dwarf Virus (BYDV) 
Spread by the cereal aphid 

Wheat- Autumn Sown 
Sow in late May or early June to avoid the aphid flights. Use aphid flight data as an 
indication of the need to apply insecticides. 
Wheat - Spring Sown 
BYDV is of much less importance, though in some trials yield losses have been 
prevented by the use of a granular OP (organo-phosphate) insecticide at sowing, 
followed six weeks later by an OP spray. 
Barley 
Because of its faster growth rate, barley seems much less affected by BYDV. 
However, virus-infected plants can sometimes be seen as markedly yellow in 
colour and scattered throughout crops. 
Oats 
Crops sown in autumn for greenfeed are often severely infected, showing the 
typical reddish-purple colouration of the leaves. Infected plants often contain high 
levels of nitrate which may affect the health of grazing stock. Oats sown for grain, 
when infected, show 'blasting' of the head. 

Crown Rust 
Similar to leaf rust of wheat or barley, but attacks oats. 
Can render chaff unpalatable. 
Alto, Atnistar, Cereous, Folicur, propiconazole and Tilt are registered as foliar 
fungicides for the control of crown rust. See page E-88. 
Some cultivars are resistant, but the effectiveness of most resistance genes have 
been broken down with the development of new rust races. 

Leaf and Awn Spot 
This disease (also known as Ramularia or Ovularia spot) is prevalent on mature 
plants late in the season, and can reduce yield by causing premature leaf death. 
Once apparent in a crop, it is usually too late to control effectively with fungicides, 
but Allegro, Amistar, Folicur, Merit, propiconazole, Tilt and Twist provide some 
control if applied preventatively (around GS 61). See pages E-80, 84, 88. 

Leaf Rust 
Can appear late in wheat or barley crop growth (at or after flowering). 
Grain size is reduced, because the leaf area is less, and so there is less assimilates 
for the grain. 
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If more than 50 % of the flag leaf & leaf 2 are infected at this stage (GS 61-69) the 
crop should be sprayed with rust fungicides - Allegro, Alto, Amistar, Assure, 
Cereous, Folicur, Merit, Opus, propiconazole, Tilt, Twist. See page E-88. 
Resistant cultivars are available (see page E-89). 

Northern Leaf Blight - Maize 
A common disease, generally severe in some areas of the Waikato causing losses in 
yield. 
The fungus survives in the debris from the previous crop, so plough stubble early to 
reduce this carry-over of disease. 
Resistant cultivars are an effective means of control (see page E-89). 

Net Blotch of Barley 
Mainly controlled through the use of effective seed-treatment chemicals, although 
some cultivars are partially resistant. See pages E-88 & 89. 
Can also spread into barley crops from outside sources such as stubble and 
volunteer plants. These sources must be destroyed before spring-sowing of barley 
commences. 
A fungicide spray during crop growth can be beneficial: Allegro, Amistar, Folicur, 
Merit, prochloraz, propiconazole, Tilt, and Twist. See page E-88. 

Powdery Mildew 

Scald 

Occurs on wheat and barley, though the forms on each are distinct; those on wheat 
will not infect barley, and vice versa. 
Resistant cultivars are available (see page E-89). In highly susceptible cultivars 
some losses of yield have been detected. 
Trials, however, have shown that spraying only for mildew control is not always 
economical. With some cultivars, spraying may be worthwhile: Allegro, Alto, 
Amistar, Assure, Benlate, Cereous, Folicur, Merit, Opus. See page E-88. 

Widespread in New Zealand, and can cause severe damage in susceptible cultivars 
during cool, damp conditions. 
Partially and highly resistant cultivars are available (see page E-89). 
Especially important in second or subsequent barley crops, and in particular in 
winter or early spring sown barley. 
A fungicide spray may be worthwhile, depending on cultivar susceptibility, crop 
sequence, and weather conditions: Allegro, Amistar, Assure, Bumper, 
Carbendazim, Cereous, Folicur, Merit, Opus, Sportak, Tilt. See page E-88. 

Speckled Leaf Blotch 
Cereal cultivars range from moderately resistant to highly susceptible (page E-89). 
Can occur early in growth of autumn (May - June) sown wheat. 
Spray from early to late August, when the disease can be found infecting at least 
half of the first leaves of seedling wheat. 
Traditionally, fungicides have been applied to infected crops during late tillering 
(GS 25 - 30, see pages E-82, 83, 88). The disease also can occur later in crop 
development, and fungicides timed to protect the top two leaves (around GS 39) 
may be warranted, especially in susceptible cultivars. 
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Currently (2001) registered fungicides are: Allegro, Alto, Amistar, Cereous, 
Fo1icur, Merit, Opus, prochloraz, propiconazole, Tilt, Topsin, and Twist. 
Destroy wheat stubble as soon as possible, as the fungus survives on this. 

Stem Rust 
Occurs late in crop development- infecting the stem below the ear, and reducing 
the movement of water and assimilates to the developing grain. 
Not often a problem in New Zealand, but in some seasons and in some localities 
spraying with suitable rust fungicides may be necessary (see over page). 

Stripe Rust 
Occurs primarily on wheat, although some barley cultivars and barley grass are 
also affected. 
Seed of susceptible cultivars may be treated with Baytan IM or Vincit to protect 
seedling plants against infection and thus delay epidemic development (see over 
page). Infection still can occur in crops, and they should be treated with a suitable 
systemic fungicide spray (see below) as soon as stripe rust is detected. In May
sown crops, this is generally in early October. A further spray may be required in 
early to mid-November. 
An alternative control is to use resistant cultivars. Partially resistant cultivars may 
require an application of fungicide under conditions of high inoculum pressure. 
Because new races of stripe rust can spread quickly, it is important that information 
on resistance status of cultivars is up to date (see page E-89). 
Suitable fungicides- Allegro, Alto, Amistar, Assure, Cereous, Folicur, Merit, Opus 
propiconazole, Tilt, and Twist. See over page. 

Stem-base and Root Diseases 

Crown Rot (Foot Rot) 
This disease can cause severe losses where disease levels are high. 
Some seed treatments (Bayer Fuberidazole) can reduce infection of seedlings. 
See over page. 

Eyes pot 
Can be a problem in 2nd or 3rd wheat crops, especially in Southland. Can be 
confused with sharp eyespot, which is more common (see below). 
Rotate crops, bum or destroy stubble, good weed control, and sowing rate less 
than 150 kg/ha. 
Chemical - spray Allegro, Assure, Benlate, Carbendazim, Opus, prochloraz at 
second node to flag-leaf emergence growth stages (GS 32- 37). Pages E-83, 88. 

Root Rots of Maize 
May be severe in some areas. Such areas should not be used again for maize. 

Sharp Eyespot 
Widespread in New Zealand winter wheat crops. Can cause yield losses where 
disease levels are high. 
No resistant cultivars or effective fungicides are currently available (2001). 
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Take-all 
Found in wheat and barley (and couch I twitch). 
No resistant cultivars or effective fungicides are available at present (2001). 
New fungicide and biological control seed-treatments are currently being trialled, 
and may be available in the future. 
Currently only cultural practices are available for Take-all control. Rotate crops, 
burn or destroy stubble. Avoid areas where couch (a secondary host) is present or 
has been killed by Roundup. 

Ear Diseases 

Fusarium Head Blight (Head Scab) 
Rainfall during flowering increases the likelihood of infection. Wheat crops 
following maize are at greatest risk. 
While no cultivars are highly resistant, some have moderate levels of resistance, 
and problems are usually restricted to susceptible cultivars. Disease levels can be 
reduced by some fungicides, if applied during flowering (GS 61-65). See below. 

Smuts and Bunts 
These diseases are currently uncommon in New Zealand cereals, due to the 
widespread use of effective seed treatments (Baytan Universal, Raxil, Vincit, 
Vitaflo ). See below. 
Seed lines should be treated at least every second generation, to prevent build-up 
of infection. 
High disease-incidence has been seen in a few crops where seed treatment has 
been omitted for several generations. 

Foliar Fungicides for Cereals (see also page E-78) 

Foliar fungicides are applied to crops to prevent the development of damaging disease 
epidemics. The aim is not always to eliminate disease, but rather to manage disease 
most cost-effectively. Decisions must be made whether to apply fungicides 
preventatively or once disease has been observed in the crop. Preventative applications 
may be appropriate when the likelihood of disease is high, or the disease is difficult to 
control once established. It is likely that several diseases will be present in a particular 
crop, and the choices of timing and products must take this into account. The final two 
leaves of the cereal plant make the greatest contribution to yield, and it is important to 
retain green-leaf area on these leaves. 

Seed Treatments for Cereals 

The purpose of seed treatment is to control disease organisms on or in the seed, as 
well as to protect the seedlings against soil-borne pathogens. Some fungicides, e.g., 
Baytan Universal, can protect against some air-borne pathogens (e.g., powdery 
mildew, and rusts), when these are present in the young crop. 
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The diseases that must be controlled by seed treatment are the smuts and bunts. A 
systemic fungicide should be used, such as Vitaflo 200, Baytan Universal, or Vincit. 
Benlate is registered as a seed treatment for loose smut on wheat. In barley, net blotch 
can be serious, but in general it is effectively controlled by the use ofVitaflo 200, 
Baytan Universal, or Vincit. In maize, head smut (both seed and soil-borne) is 
partially controlled by seed treatment using carboxin + thiram (Vitaflo 200). In fields 
with high levels of smut, alternative crops can be grown to reduce levels of smut in the 
soil. 

Reference 
Close, R.C. and Harvey, I. C. 1987: Cereal Seed Treatment, available from Lincoln 

University Bookshop. 

Resistant Cultivars of Cereal Crops 

Cereal cultivars vary in resistance to many of the diseases of importance in New 
Zealand. 
Choose cultivars with moderate to high levels of resistance to some diseases, so the 
need for fungicides is reduced, and fungicides which are used will be more 
effective at reducing disease levels. 
Partial resistance in cultivars will also increase the timing 'window' for application 
of fungicides. 
Because cultivars are constantly changing, and new races of some pathogens 
appear, it is important to use current information on cultivar resistance. Consult the 
Foundation for Arable Research (FAR) for updates, or the appropriate grain 
company for the latest information. All registered levy payers are permitted access 
to the FAR web-site, receive the "Crop Action" newsletter, and have access to 
weblinks, crop alerts, research data and information. Alternatively, non-levy payers 
may pay an annual subscription for this service. 
Website: www.far.org.nz 
Telephone: (03) 325 - 6353 

Cultural Control of Cereal Crop Diseases 

Cultural control is particularly important for soil-borne and crop residue-borne 
diseases, and provides the only means of control of some diseases for which chemical 
control and disease resistance are not available. Methods include crop rotation, residue 
management, and elimination of volunteer plants (see Section 7.5, page G-12). 
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5.4.3 Pea Diseases 

Pea diseases, caused by fungi, viruses and bacteria, can be important constraints to production 
of field and processing peas. Disease management can be a complex process for growers, 
particularly if several diseases occur during the growing season. For more information, 
consult a current agrichemical manual, the FAR information base (see previous page) and the 
publications listed over page. 

Fungal Diseases 

Aphanomyces Root Rot 
No effective fungicides are available. 
Work is being carried out on biological control, but no products are commercially 
available (200 1 ). Avoid planting in moderately to highly infected soil. A 
commercial soil test is available. 

Ascochyta Blight 
Three closely related fungi are responsible for the group of pea diseases known as 
ascochyta blight. 
Almost always found in pea crops, but the severity of disease is very dependent on 
cool, wet weather conditions. 
Seed treatments can reduce seed-borne infection, but crop residues are often 
important sources of disease. 
Crop residue should be either deep ploughed or burned to prevent dispersal of 
spores by wind and rain. 

Downy Mildew 
Usually more severe with early season sowing, and in wet, cool seasons. 
Infection can be systemic, or local on leaves or pods. 
Control with seed treatment (check on latest recommendations, because resistance 
to certain fungicides has been detected). Protectant and eradicant fungicide sprays 
are available. 
Can survive for long periods in plant debris and soil. 

Powdery Mildew 
Occurs in most seasons, but usually most severe in late-sown crops. 
Can be widespread and severe when warm, dry weather occurs early. 
Resistant cultivars are available, and should be used especially for later-sown 
crops. 
Use systemic fungicides if disease develops on susceptible cultivars. 

Viral Diseases 

In New Zealand, most pea virus diseases are spread by aphid vectors. Insecticides for 
control of these vectors can be used to limit the spread of virus diseases within and 
between crops. Weed control in neighbouring areas will reduce transmission of virus 
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diseases from these reservoirs of infection. Cultivars resistant to some diseases are 
available. 
One disease, Pea mosaic virus, is seed-borne, and so use of seed that is free of the 
virus is an important means of its control. 

References 
Anon. (1995). Pea Disease Identification Guide, New Zealand Institute for Crop & Food 

Research. Available from Crop & Food Research (www.crop.cri.nz). 
Crop & Food Research Broadsheet 62a: Managing Process Pea Disease. Available from 

Crop & Food Research (www.crop.cri.nz). 
Crop & Food Research Broadsheet 62b: Managing Field Pea Disease. Available from Crop 

& Food Research (www.crop.cri.nz). 
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5.4.4 Brassica Diseases 

A range of diseases, caused by fungi, bacteria, and viruses, occur on brassica crops. Details of 
integrated management of pests and diseases of brassicas are available in a manual, called 
"Integrated Pest Management for Brassicas" (referenced below). 

Club-root 
Club-root can be controlled by rotation and liming. However, spores remain in the 
soil for at least ten years. 
Prevention is the most economical means on control, using clean seedlings (for 
vegetable plantings), and avoiding infected soils. 
Disease can be reduced with fungicides. 
Cultivars can vary in their susceptibility. 

Damping-off 

Dry Rot 

Seed treatment can reduce damping-off, and improve emergence. 

Dry rot (also known as Blackleg) is both seed-borne and soil-borne. 
Seed treatments and fungicide sprays are not particularly effective at reducing 
disease severity. 
Resistant cultivars of some brassicas are available. 

Turnip Mosaic Virus 

Reference 

Varieties of brassica crops differ in their reactions and susceptibility to infection 
(consult local seed merchants). 
Can be spread by many species of aphids. 
Controlling aphid populations in the crop canreduce infection. 

Berry, N. (ed) 2000 Integrated Pest Management for Brassicas, 
NZ Institute for Crop & Food Research. Available from Crop & Food Research 
(www.crop.cri.nz). 
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5.4.5 Grass Seed Crop Diseases 
(Contributed by J.G. Hampton, Lincoln University) 

Leaf and Stem Diseases 

With the exception of stem rust on ryegrass, there is little information on the occurrence, 
incidence and economic importance of leaf and stem diseases in New Zealand herbage 
seed crops. However for grass seed crops, fungicide application is a common practice, and 
significant increases in seed yield have been recorded, even in the apparent absence of 
diseases. These responses are attributed to prolonging green-leaf area, thus allowing more 
seeds to fill. 

Stem Rust 
Severe stem rust attacks have reduced perennial ryegrass seed yields by 35- 80 %, 
but the damage is very dependent on site, season, time of appearance in the crop, 
and cultivar. 
Turf-type cultivars are often more susceptible than forage-types. 
Rust fungicides such as Tilt, Opus, Folicur and Amistar can be used. Applications 
around growth-stage (GS) 47- 49 (flag-leaf emergence) and between GS 60 (ear 
emergence) and GS 65 (mid-flowering) are recommended. For turf-type cultivars, 
an additional earlier (GS 32- 35) application may also be necessary. See pages 
E-83 & 84. 

Head Diseases 

Blind Seed Disease 
Can cause severe economic losses in ryegrass and fescue seed crops, by reducing 
germination. Occurrence depends on season (higher in wet spring), site, cultivar 
and age of crop. 
Seed treatment with a systemic fungicide can break the life cycle, but a seed crop 
can be infected at flowering by fungus spores released from infected seeds in 
fence-lines, road-sides, hedgerows, etc. 
Systemic fungicide application at flowering may help to reduce the disease, but is 
unlikely to provide complete control. Burning stubble will destroy infected seeds 
shed before or during harvest. 

Head Smut of Prairie Grass 

References 

Can reduce both herbage and seed yield. 
Control is by rejection of infected crops from seed certification, and fungicide seed 
treatment (Benlate and Thiram or Baytan Universal). 

Arable Update Herbage No. 28. 2001. Disease Control in Ryegrass. Foundation for Arable 
Research. 

Skipp, R.A. and Hampton, J.G. 1996. Fungal and bacterial diseases of pasture plants in New 
Zealand. In: Pasture and Forage Crop Pathology (ed. S. Chakraborty et al), 213-236, 
American Society for Agronomy. 
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SECTION 6 

FERTILISERS, LIME, NUTRIENTS 

AND SOILS 
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Revised by: 

R.D. McLenaghen, R.G. McLaren, K.C. Cameron, H.J. Di and L.M. Condron 
Soil and Physical Sciences Group 
Soil, Plant and Ecological Sciences Division 

Lincoln University. 

Note: 
Before reading this section, please refer to the 'disclaimer' in the Preface of this Manual. 
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6.1 CODE OF PRACTICE FOR FERTILISER USE 

To assist farmers to farm scientifically while being environmentally conscious, the Fertiliser 
Manufacturers' Research Association Inc., (FMRA), developed a Code of Practice for 
Fertiliser Use. It provides practical advice to farmers on how to avoid, remedy or mitigate 
any environmental effects while maximising their farm's economic potential. Using the code 
will ensure farmers will fulfill their responsibilities under the Resource Management Act. 
Farmers will also benefit, as the code will assist them to: 

Maximise their potential for achieving higher production yields and economic returns. 
Meet and comply with existing regulations and the requirements of Quality Assurance 
programmes. 
Cope with impending national and international legislation, regulations, trends and 
practices. 
Demonstrate what is good land nutrient management. 

Five of the more significant environmental considerations the code focuses on are: 
Determining the land's requirements for nutrients. 
Nitrate leaching. 
Surface water contamination from fertiliser run-off. 
Surface water contamination from direct application of fertiliser to water. 
Potential effects on third parties. 

For more information on the Code of Practice for Fertiliser Use, contact the Fertiliser 
Manufacturers' Research Association Inc., Auckland. 
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6.2 NUTRIENT CONTENT OF FERTILISERS 

New Zealand Fertilisers 

New Zealand fertiliser manufacturers and retailers are required to either label fertilisers, or 
provide delivery dockets, which indicate the concentrations of the fertiliser nutrients 
(nitrogen, phosphorus, potassium and sulphur). Nutrient analysis should be shown in that 
order and expressed as the percentage of total element. Thus, Superphosphate will be labelled 
(0-9-0-12), indicating that it contains no nitrogen, 9 percent phosphorus, no potassium and 12 
percent sulphur. A compound fertiliser with a rating (12-5-14-6) will contain 12 percent 
nitrogen, 5 percent phosphorus, 14 percent potassium and 6 percent sulphur. When 
calculating fertiliser requirements, it is the total element (or nutrient) actually supplied to the 
plants that is the important figure. Where the fertiliser is applied in water, the actual amount 
of nutrient will be reduced according to the dilution rate. The amount of fertiliser product 
required per hectare should be calculated with this in mind. (See Section 6.14, page F -29). 

Overseas Fertilisers 

In some countries, like the USA, the phosphorus content of a fertiliser is expressed as the 
percentage ofP20s (rather that P), and potassium as the percentage ofK20 (rather thanK). 
This makes the numbers appear bigger (and thus more impressive to buyers!). Hence, the 
same '30% Potash Super' is described as 0-6-14-7 in New Zealand, but 0-13-17-7 in USA. 

F-4 



6.3 PHOSPHATIC FERTILISERS 

6.3.1 Major Phosphatic Fertilisers: Super, Longlife, RPR 

Phosphorus Content and Availability 
The most important phosphatic (P) fertilisers, by volume of sales in New Zealand, are 
Super(phosphate), Longlife, and Reactive Phosphate Rock (RPR). Features of these fertilisers 
are shown in Table 6.1. 

Table 6.1: Features of the Major Phosphatic Fertilisers 

Total P content 

Availability of P 
for pasture use 

TotalS (sulphate) 
content 

Super 
(phosphate) 

8.8-9.8% 

Fertiliser 

Long life 
(see Note A) 

10% 

Readily Available Medium 

12% 8% 

RPR 

13% 
(see Note B) 

Slowly Available 
(see Note C) 

0-2% 

Note A: Longlife generally consists of70% (by weight) Super and 30% RPR. Sulphur 
Super or Triple Superphosphate mixes (with RPR) are also available, with P 
levels as high as 14 %). 

Note B: It is recommended that farmers check the P content of RP R at time of ordering, as 
it may vary with different shipments. 

Note C: Because of the relatively low solubility of the Pin RPR in normal conditions (see 
below), it takes three to six years before all of it becomes available for plants to 
use (this also accounts for the 'medium' availability of the P in Longlifo). 

Selecting the Most Suitable Phosphatic Fertiliser 
Of the three fertiliser types described above, RPR is currently (200 1) the cheapest source of 
phosphorus (P), when measured in terms of cost per kg of total P. It is not, however, a suitable 
source ofP in all situations. Current recommendations are that RPR will work best when the , 
soil pH level is less than 6.0 (some sources recommend less than 5.5) and annual rainfall is 
more thap. 800 mm (adequate moisture in summer and autumn is important). The lower the 
pH, and the higher the rainfall, the faster the RPR will dissolve. However, RPR should not be 
used on soils that have been recently limed, even if the current soil pH is low (in effect, the 
presence oflime in the soil prevents the release of plant-available P from RPR). 

· The economics of RPR versus Super(phosphate) will be greatly influenced by the amount 
of sulphur required. In general, sulphur requirements are lower on the coast, while conversely, 
high rainfall or irrigation intensity increases sulphur requirement (due to leaching). 

RPRs have a lag-time before they are effective, and therefore suit situations where 
resonable fertility exists. Hence, where soil p levels are low, RPR (and to some extent, 
Longlife), may not be the ideal fertiliser to use. For example, if there is a need to quickly 
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increase or 'boost' the pasture production from a soil that has low P levels, Super is probably 
the best fertiliser to use (Pis readily available). Again, where soil P levels are low (Olsen P 
test less than 1 0), but the farmer wishes to only maintain the pasture production at its current 
level, there is some suggestion that it would be best to continue using Super (or possibly 
Longlife) as a source ofP, rather than change to RPR. This is because RPR, with a slower rate 
of release, is likely to cause a drop (probably small) in pasture production, at least in the short 
term (approximately three years). After RPR has been applied for three to six years however, 
the amount of plant-available phosphorus released each year is likely to be the same as when 
an equal amount of rapidly-available phosphorus is applied (e.g., Superphosphate). This is 
because the rock phosphate that was applied, but did not dissolve in the first few years, will 
dissolve in subsequent years. Farmers who change to an RPR fertiliser should therefore 
continue using it for a number of years, in order to reap the economic benefits. 

Where soil P levels are adequate, any of the three fertiliser types would be suitable to 
maintain pasture production, provided other soil factors such as sulphur levels, pH and 
rainfall are satisfactory (see previous page). 

Further Information on RPR and RPR I Super Fertilisers 
Soil tests taken after a number of years ofRPR fertiliser use may show disappointingly low 
phosphate (P) levels as determined by the 'Olsen P' test. This is a fault of the soil test and not 
the fertiliser. The 'Resin P' test is used to measure the available phosphorus in soils where 
RPR has been used and Ca-phosphorus residues are present. As the rate at which RPR 
fertilisers dissolve in soil is difficult to predict, the Resin P test can be difficult to interpret 
and needs further calibration against soil types, RPR types and rates of application. 

The major source ofRPR fertilisers is from various mines in North Africa. Most have a 
total P level of approximately 13 % (by weight offertiliser), and a 'Citric Soluble P' level of 
30 to 40% (see Section 6.3.2 below). Providing they have been finely ground, and have 
reasonable solubility, they are all likely to perform similarly. 

Many New Zealand soils require fertilisers containing sulphur (S). As RPRs do not 
contain significant quantities of S (see Table 6.1, above), elemental Sin the form ofDurasul 
prills (see Section 6.4.1, page F-9) can be blended in with the fertiliser. Although adding S 
will increase the cost ofRPR fertilisers, the cost per hectare (using 2001 prices) will usually 
be less than that for Super, depending on the amount of S required. Longlife fertilisers (which 
contain moderate levels of sulphur- see Table 6.1, above), also usually cost less than Super 
(per hectare). 

Longlife fertilisers allow incorporation of potash and trace elements, and retain the 
granulated properties of Super. By contrast, RPR fertilisers are generally fine, sandy products 
and require care in transport and spreading. 

In some situations in the South Island it may be possible to topdress every two to three 
years with RPR (at higher rates per hectare), and gain further cost efficiencies. 

6.3.2 Measuring the 'Plant-available' Phosphorus in 
Super-based Fertilisers (The Citric Solubility Test) 

Not all of the phosphorus (P) found in Super(phosphate) based fertilisers becomes available 
for pasture plants to use. A 'Citric Solubility' test carried out on the fertiliser gives the best 
estimate of'plant-available' P. With good quality Super, over 90% ofthe total Pis 'plant
available'. Originally, New Zealand Superphosphates were manufactured from high-grade 
phosphate rocks from Nauru and Ocean islands, but with the reduction in supplies from these 
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sources in the 1960s and 1970s, increasing amounts of lower quality Christmas Island rocks 
were used (up to 50 %) . In some cases this resulted in a lowering of Super quality (citric acid 
solubility as low as 80 %). However, in recent years, quality has been improved by the use of 
rock blends containing Nauru, Chinese, and North African phosphate rocks. Depending on the 
rock blend used, Super can vary in colour. 

Strictly speaking, the Citric Solubility test does not apply to RPR fertilisers, although it is 
still used to give an approximate measure of the solubility of the P. 

6.3.3 Other Phosphatic Fertilisers 

Reverted Superphosphates 
Reverted Superphosphates are manufactured by adding either ground serpentine rock (a 
hydrated magnesium silicate) or ground limestone to Superphosphate, before all the reactions 
forming Superphosphate are complete. Serpentine and limestone are both 'basic' materials 
(alkaline) and react with phosphoric acid in competition with any unreacted phosphate rock. 
Thus, there tends to be more unreacted and partially reacted phosphate rock in reverted 
Superphosphates, compared to standard Superphosphate. Consequently, they contain less 
water-soluble (or plant-available) phosphate. However, reverted Superphosphates contain no 
free phosphoric acid, and they have a much better physical consistency than standard 
Superphosphate. When serpentine is used as the reverting agent, the final product contains 
approximately 5% of magnesium (Mg), some of which will be present as magnesium 
phosphates. 

Serpentine and lime-reverted Superphosphates have been used quite extensively in New 
Zealand because of their relatively good handling characteristics and ability to mix with other 
fertiliser materials. In addition, because of their lower solubility (compared to standard 
Superphosphate), they are less likely to cause damage when in contact with germinating 
seeds. Reverted Superphosphates contain between 7 - 8 % total P, of which only 70 - 80 % is 
soluble in citric acid (i.e., readily available for plant use), and 8- 9% S. 
Triple Superphosphate 
Triple Superphosphate is manufactured by reacting phosphate rock with phosphoric acid. The 
resulting product contains 15- 21 % P, nearly all of which (95- 98 %) is in the form of water
soluble monocalcium phosphate. Triple Superphosphate is normally manufactured in granular 
form. Its relatively high P concentration makes it attractive in terms of transport, storage and 
spreading costs. However, the lack of significant amounts of sulphur in this product (only 
1- 2 %) is often considered a disadvantage for its use in many New Zealand situations. 
Ammonium Phosphates 
Both di-ammonium phosphate (DAP), 15-20% P, and mono-ammonium phosphate (MAP), 
21 % P, are available as fertiliser materials. Both contain phosphate and nitrogen in water
soluble forms which are readily available to the plant. In recent years, DAP has been used 
with increasing frequency as a source of phosphate to replace superphosphate. However, like 
Triple Superphosphate, DAP has the disadvantage compared to standard Superphosphate in 
that it contains no significant amount of sulphur. 
Partially Acidulated Phosphate Rock (PAPR) 
These fertilisers have a higher P content (about 15 %) than RPR and in field trials have been 
shown to be universally effective. Unfortunately, cost savings are not so great as with RPR 
because of the expense associated with the phosphoric acid used in the manufacturing 
process. For this reason PAPRs are no longer readily available in New Zealand (2001). 
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6.3.4 When to Apply Phosphate Fertilisers 

The plant-availability of fertiliser phosphate, certainly of soluble phosphates (such as in 
Superphosphate), decreases with time since application. Hence, in general, applying 
phosphate shortly before periods in which plants will be actively growing, is likely to produce 
the optimum response. For arable crops and at pasture establishment, phosphate is normally 
applied at or before sowing. For established pasture, the optimum time of application will 
vary greatly depending on soil P levels, pasture type and the local climatic conditions. 

Time of application is not likely to be important for well developed pastures on soils of 
medium or high P status. In these situations, little immediate growth-response to phosphate is 
expected, and the fertiliser is applied as a maintenance dressing only. Autumn or spring 
applications are favoured however for low P fertility soils. In areas where temperatures are 
not too low, autumn applications may stimulate the growth of improved grass species, such as 
ryegrass, in the late autumn I early winter period. Where such species are absent, or their 
growth is limited by lack of nitrogen, early spring applications of phosphate to stimulate 
clover growth are likely to be the most effective. 

Application rates of greater than l 00 kg P /ha in a single application are not recommended. 
If capital inputs higher than this rate are required, then the dressing should be split. 

6.3.5 Phosphate 'Fixation' 

When phosphate fertilisers dissolve in the soil solution, a proportion of the phosphate ions are 
adsorbed on the surfaces of iron and aluminum compounds in the soil and removed from soil 
solution. This is commonly known as phosphate fixation, a term which suggests that the P 
becomes permanently unavailable for plants. This is not correct. Most of the fertiliser P 
applied is either temporarily fixed* or converted into organic Pin the soil. Over time, the 
processes of equilibration and mineralisation convert the temporarily fixed or organic P back 
into soluble plant-available forms. Only a small proportion of the fertiliser Padded is 
permanently fixed or converted into resistant organic forms and become plant-unavailable. 

* A soil test known as the Anion Storage Capacity test, or ASC (formerly the Phosphate 
Retention test), gives an indication of the soil's capacity to store anions such as 
phosphate and sulphate. 
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6.4 SULPHUR FERTILISERS 

6.4.1 Content of Sulphur Fertilisers 

Sulphur (S) fertilisers contain S either in the form of sulphate or as elemental S. 

Sulphate 
Sulphate is present as a secondary constituent of some fertilisers that are used mainly for their 
N, PorK content. Super(phosphate), which contains calcium sulphate, is the most important 
fertiliser in this category. All sulphates are relatively soluble, and when applied to the soil, the 
S is in a form immediately available for plant uptake. However, sulphate can also be leached 
readily from the soil, and is therefore not a suitable form of S for use in high rainfall areas on 
soils with low sulphate retention capacities. 

Elemental S 
Elemental S, unlike sulphate-S, is not water soluble and therefore cannot be leached from the 
soil. However, the S in elemental S is unavailable to plants until it has been converted to 
sulphate by S-oxidising bacteria in the soil. Ideally the conversion to sulphate should take 
place just fast enough to meet plant requirements, so that losses through leaching are 
minimised. This will depend on soil moisture, soil temperature and the particle size of the 
elemental S. The smaller the particle size, the faster the rate of conversion to sulphate. 
Unfortunately the use of finely ground elemental S carries an explosive fire hazard and is 
therefore unsuitable, if used on its own, for aerial topdressing. When mixed with other 
materials however, as in 'wet mix' Sulphur Super (see below), elemental S can be perfectly 
safe. In addition, elemental S is also available in the form of Durasul prills (elemental S 
compressed into pellets). 

Elemental S is not particularly suitable for use in dry areas, or where an immediate source 
of plant-available Sis required. 

Sulphur-Fortified Super (Sulphur-Super) 
Sulphur-fortified Superphosphates are essentially standard (or single) Superphosphates, to 
which molten elemental S has been added during their manufacture ('wet mix' process). The 
advantage of these types of material is that they contain S both in a readily plant-available 
form (calcium sulphate), and some as the more slowly available elemental S. At least some of 
the S is therefore protected against leaching losses. Sulphur-fortified Superphosphates are 
ideal for use in situations where S requirements are high but P requirements are relatively low 
or moderate. They can be used safely for aerial topdressing. 

Other Sulphur Fertiiisers 
Sulphur (molten or powdered) is also mixed with other phosphate-containing fertilisers, 
mainly Triple Superphosphate, MAP, DAP and RPRs (or as RPR I Sulphur Super). Molten S 
has been used to produce S-coated or impregnated urea fertilisers. 
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6.4.2 Choice of Sulphur Fertiliser 

In many situations, the choice of sulphur fertiliser may be influenced by the relative 
requirements for sulphur (S) and phosphorus (P). Fertilisers vary greatly in their relative 
contents of S and P (see Table 6.2, below). However the form of S in the fertiliser is also 
important, and choice will depend on the soil's susceptibility to loss of sulphate by leaching. 
Sulphate-S (see Table 6.2) is readily available to plants and moves rapidly through soils, 
whereas elemental-S must first be oxidised by soil micro-organisms to sulphate-S before it is 
plant available. Elemental-S should be more effective than sulphate-S on soils with high 
rainfall and low anion storage capacity (ASC). A soil's susceptibility to leaching can be 
assessed by the sulphate leaching index (SLI- see Table 6.3, over page), which ranges from a 
SLI of zero (no leaching) to a SLI of 6 (complete winter leaching and severe summer 
leaching). Table 6. 4 (over page) indicates the most appropriate form of S to use for soils with 
different SLI values. Note however that the most efficient fertiliser may not necessarily be the 
most cost-effective product. 

Table 6.2: Composition of Some of the Main Sulphur Fertilisers 

Fertiliser* TotalP TotalS Sulphate-S Elemental-S 
% % % % 

Super(phosphate) 9 12 12 0 
Sulphur Super 8 20 10 10 
Sulphur Super Extra 7 29 8 20 
RPR I Sulphur Super 9 16 7 9 
Durasul I Elemental-S 0 99 0 99 
DAP I sulphur mixes 13 16 3 13 
Ammonium Sulphate 0 24 24 0 
Potassium Sulphate 0 17 17 0 
Gypsum 0 18 18 0 

*Actual names and composition will vary between fertiliser companies. 

6.4.3 When to Apply Sulphur Fertilisers 

On low fertility soils in particular, maximum pasture responses are likely to be obtained from 
spring applications of S fertiliser. However, the ideal time for application will be influenced 
by the form of sulphur and the speed with which sulphate is leached out of the soil (see 
Section 6.4.2, above). 

On sedimentary, pumice and peat soils, where leaching of nutrients may be a problem, 
sulphur fertiliser applications are best applied in spring, when maximum growth responses are 
likely. 

With fertilisers containing a mixture of nutrients, the timing of the sulphur application 
may be less critical than for the other nutrients. 
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Table 6.3: Sulphur Leaching Indices, SLI 
(Sinclair and Saunders, 1984) 

Soil Drainage Status 

Slow Free 

Soil P Retention (%) <60 60-85 >85 <60 60-85 >85 

or ASC* 
--
Rainfall (mm) 

< 500 2 1 0 3 2 
500-750 3 2 I 4 3 2 

750-1500 4 3 2 5 4 3 
> 1500 5 4 3 6 5 4 

Irrigated pasture 4 3 2 5 4 3 

* ASC - Anion Storage Capacity is another term for phosphate retention I fixation. 

Table 6.4: 

Sulphate 
Leaching 
Index 

0, 1, 2 

3 
4 
5 

6 

Most Efficient Sulphur Fertiliser Type and Application Time 
(Sinclair and Saunders, 1984) 
(Only sulphate or elemental S [as in sulphur super, etc.] considered) 

Early Spring Application 
(see Note A) 

Any form- sulphate preferable 
(see Note B) 
Any form 
Any form 
Elemental S or split application 
of sulphate 
Elemental S (see Note C) 

Autumn Application 

Any form - sulphate preferable 

Any form 
Any form - elemental S preferable 
Elemental S (see Note C) 

Elemental S (see Note C) 

Note A: Early application (before the onset of spring growth) is essential, but if this is not 
possible, autumn application is recommended instead. 

Note B: Elemental Salone may be too slow-acting in this situation, particularly in 
developing pastures. 

Note C: Where straight Super(phosphate) is used as a source of P, the sulphate content 
of this may be largely or completely leached from top-soils in these situations. 
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6.5 POTASSIUM FERTILISERS 

6.5.1 Potassium Fertiliser Types 

Potassium Chloride (Muriate of Potash) 
Potassium chloride (KCl) is the most commonly used potassium fertiliser in New Zealand. It 
has a higher potassium (K) content (50%) than any other fertiliser. Although it does not 
affect soil pH, it can cause germination injury if drilled with small seeds. The quality of 
certain crops can also be affected at high rates of this fertiliser. 
Potassium Sulphate (Sulphate of Potash) 
Potassium sulphate supplies S as well as K (17 - 18% ). However, because it is more 
expensive than KCl, it is usually used only where the crop may be harmed by chloride (e.g., 
some high value vegetable crops). 
Mixed and Compound Fertilisers 
In New Zealand, most potassium is applied in the form of 'Potash Super', which is a mixture 
of potassium chloride (KCl) and Super(phosphate ). Most fertiliser companies provide a range 
of fertilisers that vary in the percentage ofKCl present in the mixture, e.g., 15% Potash Super 
(7.5% K), 30% Potash Super (15% K). Potassium is also present in many of the imported 
compound fertilisers. 

Potassium is highly soluble, readily available to plants, and easily lost from the soil by 
leaching. Losses of K caused by leaching and removal of plant and animal products must 
therefore be constantly replenished by inputs of appropriate fertilisers. 

6.5.2 When to Apply Potassium Fertilisers 

The effect of topdressing with potassium is relatively short-lived, and potassium deficiency is 
usually most severe during times of maximum pasture growth. Hence it is generally 
recommended that potassic fertilisers be applied in the spring for greatest benefit, but that 
heavy applications (above 50 kg of potassium per hectare) should be split between spring and 
autumn. Caution should be exercised on dairy farms where stock suffer from grass staggers 
(hypomagnesaemia) in the spring. Heavy rates of potassium fertiliser may exaggerate the 
problem, and so, avoid applying K fertiliser immediately before and after calving, say six to 
eight weeks either side. 
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6.6 NITROGEN FERTILISERS 

6.6.1 Introduction 

Inorganic fertiliser-nitrogen (N) is water soluble and immediately available for plant uptake or 
potentially lost from the soil. Therefore nitrogen fertilisers need to be used with care to ensure 
that they do not pollute the environment or reduce the production of 'free' nitrogen that is 
fixed by clover in pastures. Nitrate leaching from fertilisers can contaminate drinking water 
supplies and cause excessive plant and algae growth in lakes and streams. 

In Europe and America, farmers are reducing their usage of nitrogen fertiliser in order to 
protect the environment from pollution. In New Zealand, however, farmer usage of nitrogen 
fertilisers is increasing, particularly on dairy farms. We need to ensure that the ways we use 
nitrogen fertilisers (i.e., the rate and timing of applications) are not a threat to our 
environment or a risk to the sustainability of our farming systems and export sales (see also 
Sections 6.6.5.1 and 6.6.5.2, page F-16). 

6.6.2 Nitrogen Fertiliser Types 

Urea (46·0·0·0) 
Urea contains the highest concentration ofN (46 %) in any solid fertiliser commonly used. 
When surface applied, some N gas may be lost from urea. Such losses are clearly undesirable 
and attempts have been made to find ways to reduce them. One obvious way is to place, or 
mix, the fertiliser below the soil surface, thus enabling the ammonium produced to be 
adsorbed by the soil. However, as with other N fertilisers, urea cannot be sown with the seed 
because of germination injury. Another way to reduce the loss is to ensure that the urea gets 
washed into the soil by irrigation or by applying it before or even during rainfall. 
Ammonium Sulphate (21·0·0-24) or Sulphate of Ammonia 
Ammonium Sulphate (standard) is a white crystalline material that is very soluble and 
contains both nitrogen (N) and sulphur (S). It is suitable for mixing with other fertilisers and 
has good handling properties. Granular ammonium sulphate is also available at extra cost, and 
improves spreading characteristics. The ratio ofN:S in this fertiliser is about right for low 
application rates ofN and S. However, when used to provide high rates ofN (e.g., 100 kg 
N/ha) to crops, the excessive amount of S (114 kg S/ha) applied is usually wasteful. 
Nevertheless, on S deficient soils, ammonium sulphate provides an immediately available 
source of sulphate. 

Ammonium Sulphate is an 'acid fertiliser', and therefore regular use will necessitate 
increased topdressings with lime to neutralise its effect (see Table 6.5, over page). 
Ammonium Sulphate requires the largest amount of lime and the most frequent need for lime 
of any of the common N fertilisers used in New Zealand. However the use of any ammonium 
fertiliser, and those which produce ammonium such as urea, also increases the need for lime 
(see Table 6.5). 
Di·Ammonium Phosphate (DAP) (18·20·0·0), Mono-Ammonium Phosphate (MAP) (11-21·0·0) 
Both DAP and MAP are very soluble and provide the plant with immediately available forms 
of nitrogen (N) and phosphorus (P). The use ofDAP is reasonably common in New Zealand 
but it should be remembered that, when used in place of superphosphate, it does not supply 
sulphur. 
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Liquid Nitrogen (20·0·0·0) 
Urea is very soluble in water and can be applied as a dilute solution onto the plant for direct 
absorption by the leaves. 
Ammonium Nitrate (35·0·0·0) and Calcium Ammonium Nitrate (27·0·0·0) 
Ammonium nitrate is highly combustible and can be explosive. However, once combined 
with lime, at an approximate ratio of2:1, it can be handled safely. The product, calcium 
ammonium nitrate (CAN), has a lower N content, about 27 % N, and is used mainly in market 
gardening and other situations where the acidifying effect of ammonium sulphate may be 
critical. The presence ofnitrate-N can also be beneficial (see ASN below). 
Ammonium Sulphate Nitrate (ASN) (26·0·0·14) 
Product containing 7% nitrate-Nand 19% ammonium-N. The presence ofnitrate-N allows 
for plant uptake ofN at low temperatures when nitrification of ammonium to the nitrate form 
is significantly reduced. ASN also contains sulphur which may be beneficial if soils have 
been leached over winter months. 
Compound Fertilisers 
Various mixed fertilisers, such as "Cropmaster 20" and "Cropzeal20N", are available and 
provide a more complete range of nutrients when these are required. 
Slow-release N Fertilisers 
Due to the problems ofleaching and other losses ofN from fertilisers, various attempts have 
been made to produce a slow-release fertiliser which provides N over a longer period and is 
better matched with plant uptake rates. "Ureaform" is a mixture of urea and formaldehyde, 
which is designed to have a slow rate ofN release. Similarly, sulphur-coated or sulphur
bonded urea has shown some promise for crops which have a high demand ofN throughout 
the growing season. These work to slow the rate at which urea is released from the granule 
and to slow the accumulation of readily leachable nitrate-N in the soil. The slower dissolution 
ofthe urea granule also reduces the volatilisation-(loss) ofammonia-N. 
Organic Nitrogen Fertilisers 
Various organic N fertilisers are available in New Zealand and are mostly by-products of the 
meat or fish industry. Dried blood (13 - 15 % N) can provide a reasonably rapid supply ofN 
but has proved inferior to inorganic N fertilisers for many crops. 'Blood and Bone' is a 
mixture of crushed bone and dried blood which provides both Nand P (5 - 8 % of each; 
relatively insoluble, i.e., slow release). These organic fertilisers are more often used for 

. garden crops than for commercial agricultural crops. 
For animal wastes and manures see Section 6.8, page F-19. 

Table 6.5: Lime Requirement to Neutralise the Potential Acidifying Effects of 
Nitrogen Fertilisers (Adapted from Ledgard, 1991) 

Type of N content Amount oflime No. of applications 

Nitrogen Fertiliser (%) needed (kg/ha) of 25 kg N/ha before 
to neutralise one tonne oflime 
25 kgN/ha is needed (per ha) 

Urea 46 45 22 

Ammonium Sulphate 21 135 7 

Diammonium Phosphate 18 88 11 

Liquid- N 20 50 20 

CAN 27 35 28 
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6.6.3 Soil Testing and Plant Tissue Analysis for Nitrogen 

It is difficult to measure accurately the amount of available nitrogen in soil and a routine soil 
test is therefore not available. Plant tissue analysis can be used to determine the nitrogen 
status of the plant, and a deficiency can be detected by making a comparison against standard 
values (see Section 6.20.2, page F-42), however the nitrogen content fluctuates throughout the 
growing season and the results need careful interpretation. 

6.6.4 Application of Nitrogen Fertiliser 

Differences between the various types of soluble N fertilisers are insignificant under cool, 
moist conditions, so that the cheapest form (per unit ofN) gives the best value. Assuming that 
no other nutrient is required, then urea, which is the most concentrated form ofN and 
therefore has a low transport cost, is often the cheapest form ofN fertiliser. 

If soil temperatures are warm and rainfall or irrigation is unlikely, volatilisation losses of 
N from urea can be significant. Other N fertilisers may be preferred to reduce this 
volatilisation loss. In situations when soil temperatures are colder, nitrate-containing 
fertilisers (CAN, ASN) may provide a faster response. 

In order to apply the correct rate of nitrogen, the nitrogen content (N %) of the fertiliser 
product must be taken into account. Table 6. 6 gives examples of the rates of application of 
some common N fertilisers needed to apply specific rates of nitrogen. 

Table 6.6: Application Rates of Nitrogen Fertiliser 
(Adapted from Ledgard, 1991) 

Fertiliser N% kg of fertiliser 
required to apply 

25 kgN/ha 

Urea 46 54 

Ammonium Sulphate 21 119 

Ammonium Nitrate 35 71 

Ammonium Sulphate 
Nitrate (ASN) 26 96 

Calcium Ammonium 
Nitrate (CAN) 27 93 

Diarnmonium 
Phosphate (DAP) 18 139 

Liquid- N 20 125 
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kg of fertiliser 
required to apply 

50 kgN/ha 

108 

238 

142 

192 

186 

278 

250 



6.6.5 Plant Growth Response to Nitrogen Fertiliser 

Due to the nature of soil nitrogen supply from organic matter, the soil type and parent 
material often have considerably less influence on plant responses to nitrogen (N) than do the 
soil cropping history and climatic conditions. Some general descriptions of nitrogen responses 
in New Zealand are given below; however, it should be emphasised that these are in no way 
definitive. 

6.6.5.1 Pasture Growth Response to Nitrogen 
In New Zealand, nitrogen stress or deficiency in pasture occurs at different times during the 
year depending on local climatic conditions. Many New Zealand pastures, whether used for 
sheep, beef or dairy farming, have shown responses to N fertiliser applications. The response 
is not necessarily restricted to particular grass species but will occur from any grass pasture 
provided there is a nitrogen stress, and other factors are not seriously limiting. The increase in 
pasture growth following fertiliser N application is short term, e.g., four to ten weeks, being 
shortest in spring and longest in winter. Thus, fertiliser N use must be carefully planned, 
because the fertiliser must be applied about three weeks before the extra feed is needed. 
Nitrogen fertiliser stimulates grass growth and density at the expense of clovers, and can 
overgrow and shade them out. Subsequent pasture yields may be reduced in the short term 
because of this adverse effect on clovers. This reduction in pasture production is worst from 
spring N applications, and is most severe when soil fertility is inadequate. Grazing 
management is therefore the key to minimising the effects ofN on clover, and N-boosted 
pastures should be grazed frequently to avoid shading effects. In practice, this means grazing 
at the usual height and not letting pastures get too long. 

The reliability of obtaining pasture growth responses to nitrogen (N) can be expressed as 
the likelihood of achieving a response of ten kilograms of dry matter per kilogram of N 
applied. 

Table 6.7: Likelihood(% Probability) of Achieving a 10:1 Response to Nitrogen 
(Adapted from Morton & Roberts, 1999) 

Season 

Autumn: Low rainfall 
High rainfall 

Late Winter I Early Spring 
Spring I Early Summer 

Spring Applications of Nitrogen 

% Probability 

20-40 
50-70 
60-80 
80- 100 

Spring nitrogen fertiliser applications are likely to be beneficial in many pastures but the soil 
temperature needs to be above about soc for a response to occur soon after application. Late 
winter I early spring applications of nitrogen fertiliser are often used on dairy farms to 
increase feed supply and help match the feed demand at this critical time of year following 
calving. Typical rates of application at this time of year vary between 20 to 50 kilograms of 
nitrogen (N) per hectare. Recent research indicates that there appears to be no advantage in 
applying frequent light dressings of 10 kg N/ha compared to a single application of 50 kg 
Nlha, although there is a greater risk of a larger leaching loss if heavy rain occurs soon after 
the heavier application rate. Single applications of more that 50 kg N/ha are not 
recommended. 
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Summer Applications 
During summer, moisture is often the limiting factor and N applications usually have only a 
small, if any, immediate effect. In parts of New Zealand which have moist summers (e.g., 
Southland) or where irrigation is available, responses to fertiliser N are still possible. 
However, research indicates that summer applications may jeopardise clover persistence and 
may reduce the valuable contribution of clover-fixed nitrogen to pasture production. 
Autumn Applications 
Autumn applications may increase yield after a moist summer when plant growth and N 
uptake have been high. However the yield response in autumn is usually less than that 
obtained in the spring. In many areas, autumn applications ofN have been found to have an 
influence on winter and early-spring growth rates. 
Winter Applications 
During winter, pasture growth in the South Island may be so slow that nitrogen stress does not 
develop. In the North Island, pasture nitrogen stress has often been recorded and responses are 
possible. However there is a greater risk ofleaching in winter and there is clearly little point 
in applying fertiliser if it is simply lost in the drainage water. 

6.6.5.2 Crop Growth Response to Nitrogen 
Since many crops are grown in a mixed crop rotation, the crop immediately following the 
pasture can usually obtain sufficient nitrogen (N) from the mineralisation of the ploughed-in 
grass and clover, and no fertiliser N is required. Later crops; however, and those grown in a 
more intensive cropping system without pasture, normally require N fertiliser. Under suitable 
conditions wheat, maize, barley, and grass seed crops have all shown considerable yield 
increases with fertiliser N applications. Responses have usually been highest when soil N 
levels are low and moisture is not limiting early growth. (See also Sections 4. 3 and 6.13). 

How to Minimise Nitrate Leaching on Crop Farms 
(Adapted from Morton, Craighead & Stevenson, 2000) 

Cultivation 
Minimise the time between harvest and crop establishment so that there is only a short 
fallow period. 
Avoid winter fallow, particularly after pasture or clover seed. Use cover crops to capture 
nitrate-N. 
Minimise depth and extent of cultivation to reduce organic matter break-down. Direct 
drilling or minimal tillage will reduce this. 

Sowing 
Sow autumn crops early to maximise production, absorb nitrate-N, and minimise drainage 
through greater transpiration. 

Fertiliser N Application 
Apply as little N fertiliser as possible in autumn and winter (preferably less than 20 
kilograms ofN per hectare), and no more than the crop can utilise at the time. 
Split N fertiliser applications to match plant N requirements with soil N supply. 
A void excess irrigation soon after the application ofN fertiliser. 
If soil temperature is low, apply low rates ofN. 
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6.7 MAGNESIUM FERTILISERS 

6.7.1 Introduction 

In pastoral farming, particularly dairying, low pasture magnesium levels in spring, combined 
with high magnesium requirements of cows and ewes, can cause magnesium deficiency 
(hypomagnesaemia) in these grazing animals. Magnesium can be supplied directly to 'at risk' 
animals through drenching, water treatment, or pasture dusting. Herbage magnesium levels, 
and therefore dietary intakes, can be increased by fertiliser applications of magnesium. 

There is an increasing need for dairy farmers to consider the regular use of magnesium 
fertiliser. Research indicates that losses of magnesium (Mg) by leaching from intensive dairy 
farms are leading to a decline in soil Mg levels. Soils vary in their natural Mg status, with 
sedimentary soils often having high natural levels. Therefore, the issue of declining Mg status 
is probably of more importance on ash and pumice soils. 

6.7.2 Magnesium Fertiliser Types 

Dolomite 
This is a calcium I magnesium limestone that contains approximately 12% Mg which, when 
finely ground, can provide a source of magnesium while acting as a soil amendment for pH.· 
Dolomite is not found extensively in New Zealand except in the Nelson region. 
Epsom Salt 
Epsom salt is a hydrated magnesium sulphate usually containing less than 10 %magnesium. 
Magnesium sulphate solutions are occasionally sprayed onto horticultural crops to correct 
deficiencies. 
Kieserite 
Kieserite is a water-soluble magnesium sulphate usually containing 15 - 16 % Mg. It is a 
quick-acting and efficient source of magnesium to pasture. 
Serpentine Super 
Finely ground serpentine rock has been added to Super(phosphate) to improve handling 
qualities. The average amount of magnesium present in Serpentine Super is approximately 
5.5 %, with about 40% of this being water-soluble. 
Calcined Magnesite (Magnesium Oxide) 
A concentrated (52% Mg) magnesium fertiliser ideal for situations where a capital dressing 
of magnesium is required to boost the plant available reserves of magnesium in the soil. It is 
very quick-acting, and being alkaline, also has a slight liming effect. Magnesium oxide is 
readily blended with most other fertilisers but should not be mixed with nitrogen fertilisers 
like ammonium sulphate or urea. For grazing animals with low magnesium intakes, 
magnesium oxide can be applied by dusting directly onto pastures before grazing or added to 
supplementary feed. 
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6.8 ORGANIC FERTILISERS 

Various organic fertilisers are also available in New Zealand and are often rich inN and other 
nutrients. Animal wastes and manures have been used for centuries as sources ofN and other 
nutrients. Animal manures such as pig slurry and farm dairy effluent (dairy shed effluent) 
contain valuable nutrients that can be used to improve soil fertility and increase plant 
production. Recycling these effluents back onto the land is economical and environmentally 
sound management. The approximate composition of some common animal manures or 
effluent is given in Table 6.8, however it is advisable to have samples analysed before use. 

Table 6.8: Approximate Composition of Organic Fertilisers on a Wet Weight (Fresh) Basis 
(From Deane, 1993) 

Source N% P% K% S% Dry matter 
% 

Dairy-
Shed effluent 0.020 0.003 0.030 0.004 1 
Pond sludge 0.175 0.035 0.055 0.060 7 

Piggery-
Pen washings 0.175 0.550 0.050 0.020 2 
Pond slurry 0.350 0.400 0.040 0.060 8 

Poultry-
Cage layers 1.5 0.700 0.600 0.180 30 
Broiler litter 2.6 0.700 1.400 0.300 75 

It is estimated that the nutrients contained in farm dairy effluent (per cow per day) are 
equivalent to 22 grams of nitrogen (N), 2.5 grams of phosphorus (P), 20 grams of potassium 
(K) and 3 grams of sulphur (S). The effluent from 100 cows spread over four hectares will 
provide 150 kilograms ofN, 17 kg P, 135 kg K and 20 kg S per hectare. However, the 
fertiliser value may change between milkings on the same farm, and between different farms. 
The nutrient contents also change with storage in the pond (Table 6. 8). 

Nutrients in different organic effluents differ in their availability to plants. For example, up 
to 60- 70% of theN in pig slurry may be in mineral N forms (mainly ammonium) and are 
immediately available to plants. The mineral N content in fresh farm dairy effluent is about 
20- 30% of the total N, and in dairy pond sludge is only about 10% of the total N. Some of 
the N and P in the farm dairy effluent will be released slowly over time for plant uptake. Most 
of the K in the dairy effluent is immediately available for pasture uptake. The amounts of 
nutrients in the farm dairy effluent available for pasture uptake in the first year probably vary 
from 50 % for N and P, to 90 % forK. If the readily available N (e.g., in pig slurry) is not 
taken up by plants, then it is prone to leaching losses in a wet season. 
Nutrient Leaching 
One of the concems with land application of effluents is the potential impact on the wider 
environment, e.g., by nutrient leaching to groundwater or run-off to surface water. The 
amount, location and timing of application are critical in minimising the environmental 
impacts and maximising the agronomic benefits. Most Regional Council rules limit the 
application rates of effluents to 150 - 200 kg of nitrogen (N) per hectare per year. A lower rate 
should be applied for pig slurry than for farm dairy effluent because most of the N in pig 
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slurry is in mineral N forms and is prone to leaching. For farm dairy effluent, 200 kg N per 
hectare per year is approximately equivalent to having an application area of three hectares 
per 100 cows. 

A very heavy application rate at any one time can cause surface ponding in heavy-textured 
soils (e.g., clays) leading to run-off to waterways, or leaching and ground-water 
contamination in sandy soils. It is recommended that annual application rates should not 
exceed 150- 200 kg N/ha/yr, and applications should not exceed 100 kg N/ha within any 
three-month period. Recommended maximum application rates for dairy effluent on various 
soil types are shown in Table 6.9. 

Table 6.9: Maximum Application Rates of Dairy Effluent to Different Soils 
(Dairying and the Environment Committee, 1995) 

Soil Type Maximum Minimum 
application rate application interval 

Sand 15mm 5 days 
Pumice 15mm 5 days 
Loamy sand 18mm 5 days 
Sandy loam 24mm 15 days 
Fine sandy loam 24mm 15 days 
Silt loam 24mm 20 days 
Clay loam 18mm 20 days 
Clay 18mm 20 days 
Peat 20mm 15 days 

To reduce run-off to waterways, it is recommended to have buffer zones of20 to 50 metres 
between areas of effluent application and waterways, residential areas, neighbouring 
properties, or bore holes. 

There should be a withholding period of at least seven days before grazing effluent-treated 
areas, to prevent transfer of diseases and treading damage of wet pastures and soil. 
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6.9 FOLIAR I LIQUID FERTILISERS 

Foliar fertiliser involves the direct application of nutrient solutions to plant leaves. It is often 
used to complement solid fertiliser programmes, particularly for horticultural crops when 
rapid responses are required, or when micronutrient I trace element deficiency correction is 
required. 

There are a variety of liquid fertilisers on the market derived from fertilisers, seaweed 
extracts, fish waste, blood, etc. Although these have similar ratings to other fertilisers (e.g., 
1 0-4-5-0), dilution with water before application means that actual amounts of nutrients 
applied per hectare are very low. 

When similar rates of nutrients are applied, the form in which the fertiliser is applied 
(either as a liquid, slurry, or solid), has no effect on crop production. The application of 
micronutrients or immobile nutrients (e.g.,.calcium) may be an exception, with better 
responses from foliar application. 

Thus foliar fertiliser application is best used to (a) supply small amounts of 
micronutrients, particularly to cash crops, should deficiencies arise and need remedying 
during the growing season, and (b) to 'top-up' the plant's supply ofmacronutrients, 
particularly N, during specific growth periods. 

It is usually far cheaper to buy nutrients in a solid form, since more nutrients can be 
applied for the same cost. 
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6.10 SOIL TESTING 

6.10.1 Soil Testing of New Zealand Soils 

A range of different soil tests is available throughout the world. However, not all are suitable 
for New Zealand conditions. It is very important to use soil tests that have been selected and 
calibrated for New Zealand conditions and farming types. 

To monitor the effectiveness of a particular fertiliser programme over time, the following 
soil tests are essential: Soil pH, Olsen P, QT* (Ca, Mg, K, and Na), Sulphate Sand OrganicS. 
Depending on the type offarming system or the soil types present, Anion Storage Capacity, 
Reserve K (for sedimentary soils), Soil Co, and organic matter for cropping soils can also be 
useful. (*QT = Quicktest.) 

Soil testing for trace elements is often measured and reported by some laboratories. 
However soil trace element results should be interpreted with caution and used as indicators 
only. Other factors such as soil type, pH, moisture status, plant species and even seasonal 
weather patterns can have a significant influence on trace element availability. Many trace 
element soil tests are not well calibrated against plant response (e.g., selenium, manganese, 
iron, molybdenum) and are of very limited value. Copper and zinc are only calibrated for 
cereal cropping in Canterbury and therefore not recommended for other farming types. Boron 
is only recommended for identifying toxicity problems. 

6.10.2 Soil Sampling 
(Adapted from McLaren & Cameron, 1996 and Cornforth & Sinclair, 1984) 

Sampling Strategy 
One of the greatest sources of' error' in soil testing arises because of natural soil variability 
and the difficulty of obtaining a representative soil sample. Dividing the landscape into areas 
of similarity, and sampling each of these areas separately can however, reduce the influence 
of variability. 
1. Divide the farm into areas that have similar soil types, land use and topography. 
2. Coliect separate samples for the major variations in soil type, topography, fertiliser 

history, management, stock or crop treatments (ideally, collect between two to four 
samples from each of the apparently uniform areas of the farm). 

3. Avoid small areas that are not typical. 
4. Set up a transect in each paddock and take cores at equal intervals along the transect. 
5. Sample the same paddocks, along the same transect, every one to five years, in the same 

month of the year (usually when the soil is moist). 

Taking the Sample 
The following rules should be noted when taking soil samples: 
1. At least 15- 20 soil cores should be taken from each separate area being sampled (using 

an appropriate sampling device). In hill country, where variability is greater, 25- 30 soil 
cores taken from mid-slope position is recommended. 

2. Cores must be taken to a depth of 75 mm in pasture and established lucerne, and 150 mm 
in arable land and land being prepared for lucerne establishment (discard cores which 
break off shorter than the required length). 

3. Take cores at points on a predetermined pattern throughout the sampling area. 
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4. Do not sample near water troughs, gates, races, headlands, trees, dung or urine spots, 
abnormally wet or dry areas, or areas with abnormal fertility. 

5. Do not sample immediately after pastures have been grazed. 
6. Do not sample within three months of applying fertiliser or lime. 
7. Sample well in advance of expected topdressing dates. 
8. Resample every one to five years to monitor changes in fertility (sample more frequently 

if topdressing policy is changing). Attempt to resample in the same season of the year. 

6.10.3 Interpretation of Soil Test Results 
(Adapted from McLaren and Cameron, 1996) 

For correct interpretation of soil tests it is important that soil samples are sent to New Zealand 
analytical laboratories that report results in Standard Soil Test Units (e.g., Olsen P, Quick Test 
K, Quick Test Mg, Sulphate-S). These soil test units have been calibrated for New Zealand 
soils and pastures against field trial results. 

Table 6.10 gives the range of soil test values for near maximum pasture production. These 
soil test ranges can also be used for some arable crops. Table 6.10 recognises three classes of 
soils, which are regarded as being of paramount importance for pastoral farming in New 
Zealand. These are the 'sedimentary' soils (mainly Brown Soils and Pallic Soils- see Section 
6.24, page F-60), 'ash' soils (mainly Allophanic Soils and Granular Soils) and 'pumice' soils 
(mainly the Pumice Soils and Gley Soils formed from pumice). The reader should be aware 
that there is limited research information available on most other soils in relation to fertiliser 
requirements. 

Table 6.10: Soil Test Ranges to Achieve Near Maximum Pasture Production 
(Adapted from Roberts and Morton, 1999) 

Soil Test Soil Parent Material 

Sedimentary Ash Pumice 

Olsen P1 20-25 20-30 35-45 

Sulphate-S 10- 12 10- 12 10- 12 

Organic-S 15-20 15-20 15-20 

Quick Test K 6-8 7- 10 7- 10 

Quick Test Mg2 8- 10 8- 10 8- 10 

Reserve K (TBK) > 1 n.a.3 n.a. 

Soil pH 5.8- 6:0 5.8-6.0 5.8-6.0 

Peat 

35-45 

10- 12 

15-20 

5-7 

8- 10 

n.a. 

5.0-5.5 
(0- 7.5 em) 

1 Lower values may be appropriate ifRPRfertiliser is regular!; used as source ofP. 
2 Values are for maximum pasture growth only. Animals may require higher values. 
3 Not applicable. 
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6.11 FERTILISER REQUIREMENTS FOR PASTURE 

6.11.1 Development Fertiliser 

Estimating the amount of nutrients required for the development of pastoral land is usually 
based on soil testing and knowledge of the amount of fertiliser nutrient that must be applied to 
increase soil test values. Some indication of the amounts of nutrients required to raise soil test 
levels (above those required to replace annual losses from the farm) is shown in Table 6.11. 
As might be expected, the overall ranges across all soils, and even within the three individual 
broad classes, are relatively large. 

Table 6.11: Fertiliser Nutrients Required to Raise the Soil Test by One Unit 
(Adapted from Morton and Roberts, 1999) 

Nutrient Soil Parent Material* 

Sedimentary Ash Pumice 

Phosphate (kg P/ha) 4-7 7- 18 4- 15 

Potassium (kg Klha) 100-250 45-80 35-60 

Sulphur (kg S/ha) 30-40 20-30 40-50 

* Values for peat soils are unavailable. 

6.11.2 Maintenance Fertiliser 

Once fertilisers have increased soil fertility enough for near maximum growth, maintenance 
fertiliser rates can be applied to maintain soil fertility. Annual maintenance requirements 
show a good deal of variation between soil types and farming systems. In general, fertiliser 
requirements increase with stocking rate and the amount of nutrient removed (Tables 6.12 and 
6.13, over page). Losses per stock unit are greatest on dairy farms, and on steep hill country 
farms due to stock camping. In order to obtain more precise fertiliser requirements for 
individual farms, tables such as those presented in the "Practical Soil Management" text (see 
Section 6.25, page F-64), or computer models (e.g., AgResearch "OverseerTM"), can be used to 
estimate fertiliser requirements based on the prevailing local conditions. 
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Table 6.12: Maintenance Fertiliser Requirements (kg/ha), in Relation to Stocking Rate 
on Sheep and Beef Farms 
(Morton and Roberts, 1999) 

Stocking Rate Maintenance Rate (see Note A) 

(SU/ha) p K (see Note B) s 
7 6- 18 0- 21 6- 13 
10 10-22 0-28 8- 19 
13 15- 28 0-35 10-23 
16 21-34 0-41 13-27 
19 28-41 0-48 15- 31 
22 34-44 0-54 17- 35 

Note A: Additional fertilisers should be applied to hay or silage paddocks if the 
supplement is not fed back on the same area. See Section 6.12, page F-27, 
for recommended rates. 

Note B: Maintenance Kfor grazed pasture is only required on soils with low soil 
test K, or low K reserves, e.g., Brown Soils, Organic Soils, Podzols, 
Allophanic Soils and Pumice Soils- see Section 6.24, page F-60. 

Because production per hectare is related to stocking rate, as an alternative to these tables 
(and computer models), a general rule-of-thumb for P, K and Son sheep and beef farms can 
be stated as: 

Apply 15- 20 kg/ha Super(phosphate), or equivalent, per stock unit (SU) wintered. 
Where K or elemental S is required, these should be added to the above, e.g., 
20 - 25 kg/ha 15 % Potash Super or equivalent per SU wintered. 

Table 6.13: Maintenance Fertiliser Requirements (kg/ha), in Relation to Stocking Rate 
on Dairy Farms 
(Roberts and Morton, 1999) 

Stocking Rate 

(cows/ha *) 

Maintenance Rate (see Note A) 

2 
2.5 
3 
3.5 
4 

p 

20-28 
27-36 
34-45 
43- 55 
54-65 

K (see Note B) S 

20-50 10-23 
25- 58 13- 30 
40-70 16-35 
50- 82 19-40 
60-95 22-45 

*One cow at 400 kg liveweight producing 290 kg milksolids- see Section 1.11. 

Note A: Additional fertilisers should be applied to hay or silage paddocks if the 
supplement is not fed back on the same area. See Section 6.12, page F-27, 
for recommended rates. 

Note B: Requirements will be less in soils with high K reserves. 

See over page for more dairy information 
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An alternative rule-of-thumb on dairy properties for P, K and Scan be stated as: 

Ash and Pumice Soils 
Apply 6 to 8 kg/ha of 20 % Potash Super (or equivalent) for every 10 kg/ha milksolids 
produced. 

Sedimentary Soils 
Apply 5 to 7 kg/ha of20% Potash Super (or equivalent) for every 10 kg/ha milksolids 
produced. 

6.11.3 Withholding Fertiliser 

The effects of withholding fertiliser are well documented on a range of trials throughout New 
Zealand. The effect of withholding fertiliser depends mainly on soil nutrient reserves, climatic 
conditions and current stocking rates. The greatest decline in production occurs on soils of 
low fertility where large capital inputs of phosphate are required. 

Using the AgResearch "OverseerTM, program, the effects of withholding phosphate 
fertiliser on Olsen P levels and yield have been calculated for sheep/beef and dairy farms on 
rolling sedimentary soils. Input data, and predicted yield and fertility changes over a four year 
period, are shown in Tables 6.14 and 6.15. 

Table 6.14: Effect of Withholding Phosphate Fertiliser on Yields and Olsen P Values on a 
Sheep and Beef Farm (at a stocking rate of 15 SUI ha) 

Initial Values First Year Second Year Fourth Year 
of Withholding Fertiliser 

Yield 11 000 10 600 10 500 10 100 
(kgD M/ha/year) 

Olsen P 20 18 17 14 

Table 6.15: Effect of Withholding Phosphate Fertiliser on Yields and Olsen P Values on a 
Dairy Farm (at a stocking rate of three cows* I ha) 

Initial Values First Year Second Year Fourth Year 
of Withholding Fertiliser 

Yield 13 600 13 300 13 000 12 700 
(kgD M/ha/year) 

Olsen P 30 26 23 17 

*One cow at 400 kg liveweight producing 290 kg milksolids 
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6.12 FERTILISER FOR HAY AND SILAGE PADDOCKS 
(Adapted from Cornforth and Sinclair, 1984) 

Additional fertilisers should be applied to replace nutrients removed in conserved pasture if 
the hay or silage is not fed back on the areas on which it was grown. 

Additional requirements can be calculated as follows: 
Note: The figures may need to be modified to account for the existing levels of these minerals 
in the soil. 

Phosphorus: 5 kg of P for every tonne of dry matter (DM) of hay or silage made. 

Potassium 15 kg ofK per tonne of hay DM 
20 kg of K per tonne of silage DM 

Sulphur: 3 kg of S per tonne of hay or silage DM 

Magnesium: for every tonne of hay or silage DM-
If soil test Mg is above 14 -- no Mg fertiliser required 
If soil test Mg is 12- 13 -- 1.0 kg ofMg per hectare 
If soil test Mg is 9 - 11 -- 2.0 kg of Mg per hectare 
If soil test Mg is below 9 -- 2.5 kg of Mg per hectare 
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6.13 FERTILISER REQUIREMENTS FOR CROPS 

Basic Principles 
Cropping places a high demand on the soil and its ability to supply nutrients. This is due to a 
combination of high nutrient removal in crop harvest (see Table 6.16), and high seasonal 
demand for nutrients from rapidly growing crops, particularly during spring. Other 
contributing factors include the degradation of organic matter, which reduces the soil's ability 
to provide nutrients, and theleaching of nutrients (e.g., N, S) during winter. 

The following table adapted from Morton et al. (2000) indicates the amount of nutrient 
removed by various crops. 

Table 6.16: Typical Nutrient Removal by Crops 
(Removal measured as kg/ha) 

Yield N* p K s 
(t/ha) 

Wheat Grain 5.0 100 17 23 8 
(Low Stra~ 5.5 39 4 39 7 
yield) Total: 139 21 62 15 
Wheat Grain 8.0 160 24 36 12 
(High Straw 6.5 45 5 45 8 
yield) Total: 205 29 81 20 

Barley Grain 5.0 90 17 22 8 
(Low Straw 4.5 36 3 34 6 
yield) Total: 126 20 56 14 

Barley Grain 8.0 144 24 35 12 
(High Straw 5.5 44 4 41 7 
yield) Total: 188 28 76 19 

Oats Grain 4.0 80 12 18 6 
Straw 5.0 25 4 40 6 

Total: 105 16 58 12 

Maize Grain 12.0 180 50 50 15 
Silage 28.0 270 56 170 18 

Peas Grain 5.0 170 19 47 10 

*Actual amounts of N in the grain will depend on the desired protein level. 
2 

Actual amounts of straw will vary with cultivar, sowing date and the use of a plant 
growth regulator. 

Specific Crop Requirements 
Specific fertiliser requirements for a range of crops can be found in Section 4. 3. Additional 
information on nitrogen fertiliser use can also be found in Section 6. 6. 5. 2, page F -17. 
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6.14 CALCULATING FERTILISER APPLICATION RATES 
(Morton and Roberts, 1999) 

The N-P-K-S ratings of a fertiliser indicate the percentage amount of nitrogen, phosphorus, 
potassium and sulphur in that fertiliser. For example, 15 % Potash Super is rated as 0-8-8-10 
and so contains noN, 8% P, 8% K and 10% S. 

To calculate the quantity of fertiliser needed to apply a given rate of nutrient, the following 
formula can be used: 

Rate of fertiliser application (kg/ha) = Rate desired for nutrient (kg/hal x 100 
Nutrient in fertiliser(%) 

Example: 
A sheep and beef farm requires a maintenance application of 32 kg P/ha, 32 kg Klha 
and 27 kg S/ha. What rate of 15 % Potash Super should be applied? (NPKS rating = 

0-8-8-1 0). 

P: Rate of fertiliser = 32 kg x 100 = 400 kg/ha 
8 

K: Rate of fertiliser = 32 kg x 100 = 400 kg/ha 
8 

S: Rate of fertiliser = 27 kg x I 00 = 270 kg/ha 
10 

Therefore, an application of 400 kg/ha 15 % Potash Super will supply the desired amounts of 
P and K but will oversupply S by about 13 kg S/ha. 

Note: For examples of calculations for nitrogen fertilisers see Section 6. 6.4, page F-15. 
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6.15 COSTING FERTILISERS 

Fertiliser composition is normally expressed as the percentage of each element in the material 
-nitrogen (N), phosphorus (P), potassium (K), and sulphur (S). See also Section 6.2, 
page F -4 and Section 6.14, above. 

When deciding on which fertiliser to buy it is essential to cost out the available nutrient in 
each for comparison. The easiest way to do this is to calculate the cost of one kilogram of the 
nutrient in each of the alternatives, using the formula: 

dollars per kg of nutrient = cost($) per tonne of fertiliser 
%of nutrient x 10 

Example: (Using prices as at December 2001) 
Which nitrogen fertiliser gives the cheapest source ofN: Urea, Calcium Ammonium Nitrate 
(CAN) or Ammonium Sulphate (Sulphate of Ammonia)? 

(a) 

(b) 

(c) 

Urea: 
% 

N 
46 

p 
0 

K 
0 

s 
0 

Price (2001) $411 per tonne. Therefore the cost ofN (using the formula 
above) is: · 

$411 
46 X 10 

= $0.89 per kg 

Calcium Ammonium Nitrate (CAN): 
% 

N 
27 

p 

0 

Price (2001) $468 per tonne. Therefore the cost ofN is: 

$ 468 = $1.73 per kg 
27 X 10 

Ammonium Sulphate (Standard): 
% 

N 
21 

p 

0 

Price (2001) $318 per tonne. Therefore the cost ofN is: 

.$.JlJL = $1.51 per kg 
21 X 10 

K 
0 

K 
0 

s 
24 

s 
0 

Note: Ammonium sulphate contains 24 % sulphur and this may be needed by the plant. 
Therefore, it deserves to be credited with some value where we know it is needed. One tonne 
of elemental sulphur (Durasul priUs, 100 % S) costs $320 or $0.32 per kg S (200 1 ). Thus the 
240 kg S in one tonne of ammonium sulphate is worth: 

240 X $0.32 = $77 
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Allowing for this, the cost ofN in one tonne of ammonium sulphate is: 

$318-$77 = $241 

and therefore the amended cost per kg ofN is: 

$241 = 
21 X 10 

$1.15 per kg 

On a purely cost basis, one would buy either (a) or (c) depending on the sulphate requirement. 

There are, however, other important factors to be considered when deciding on which 
fertiliser material to buy; these are: 

Nutrient Availability 
Fertilisers which readily dissolve release their nutrients for plant uptake almost 
immediately. However, this also means that the nutrients may be quickly lost by either 
leaching or reaction with soil minerals. 

Fertilisers which are slow to dissolve do not have an immediate effect, but can be 
considered as slow releasing stores ofnutrient. For example, with sulphur fertilisers, 
elemental sulphur is slow to dissolve and therefore should not be used to correct an 
immediate deficiency of S; but should be used when a more sustained supply is required 
(see Section 6.4, page F-9). On the other hand, sulphate sulphur (as in Superphosphate) 
should be used for an immediate response. 'Sulphur Super' fertilisers contain both forms 
of sulphur and therefore act as both an immediate and longer term supply of S. 

When costing different sources of phosphorus, it is the cost per kilogram of 'plant 
available' phosphorus which must be calculated. This is because not all of the Pin the 
fertiliser is able to be used by plants (see Section 6.3.2, page F-6). 
Physical Form of the Fertiliser 
Fertiliser materials which are slow to dissolve often need to be finely ground and this may 
cause difficulties in handling and spreading. For example, finely ground elemental sulphur 
is explosive! 
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6.16 FERTILISER COMPATIBILITY 

Chemical Compatibility of Various Fertiliser Blends 
Before preparing any fertiliser mixtures, users should ensure that the products are compatible 
(i.e., ensure they will not chemically react with each other). Seek advice from appropriate 
consultants or fertiliser manufacturers. A simple guide is provided below. 

Table 6.17: Compatibility of Various Fertiliser Blends 
<!) 

"El 
<!) ..<:::1 

"El 0.. 
<!) ~ 

rn 
<!) "El ..<:::1 0 

0.. ..<:::1 
<!) "El ..<:::1 ..<:::1 rn 0.. <!) 

"El ..<:::1 0.. 0.. 0 s "0 

~ 
rn rn ..<:::1 ·;:::: ..... 0 0 0.. ·E ..<:::1 ..<:::1 .8 0 

rn 8< 8< § d ::<:1 

.~ s 0 (.) 
<!) <!) 

~ .8 §' §' ·s 
.~ d d rn 0 

0 0 
rn 

~ s J 
<!) <!) 0 "' cd 0.. Cb d 

rn 
cd s !::! ·;:::: .s 0 ..... 

0 :;8 0 
~ ;:J f-< 1ZJ 0... 

Potassium sulphate OK OK OK OK OK OK I OK I OK 

Potassium chloride OK OK OK OK OK OK I OK 

Monoammonium phosphate OK OK OK OK OK OK 

Diammonium phosphate OK OK OK 

Single superphosphate OK L OK 

Triple superphosphate OK L OK 

Ammonium sulphate 

Urea 

Incompatible 
Limited compatibility I mix only immediately before use 

OK Compatible 

Physical Compatibility of Fertilisers 
When two fertilisers with different particle size ranges are mixed, segregation of the two 
fertilisers in the mixture will occur. The wider the range in particle sizes, the greater will be 
the segregation. For best results, there should be no more than 10 % divergence in particle size 
between component fertilisers in a mixture. 
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6.17 

6.17.1 

TOXICITY OF FERTILISERS 

Seedling Establishment Difficulties 
(Adapted from NZFMA booklet: "Managing Soil Fertility on Cropping 
Farms", 2000) 

Placing fertiliser too close to germinating seed can reduce seedling emergence. Germination 
injury is caused by ammonia release from N fertilisers, or the osmotic (salt) effect of 
fertilisers. Maximum damage occurs on soils with moderate moisture, when seed and fertiliser 
are placed in close proximity. Ideally, with high-risk crops, seed and fertiliser should be 
drilled or banded so that they are placed at least 2 - 5 em apart. 
In general, the smaller the seed, the greater the likelihood of injury. 

Fertiliser rankings according to risk are shown below: 

Least Risk 

Most Risk 

Longlife, Reverted Superphosphate 
Superphosphate 
Nitrophoska and Hydro range, potassium chloride 
Monoammonium phosphate 
Diammonium phosphate, Cropmaster 15 
Cropmaster 20, Ammonium sulphate 
Urea, boron fertilisers 

6.17.2 Effect of Fertiliser on Animal Health 

6.17.2.1 Fertiliser Poisoning 

Ingestion of Fertiliser Particles 
Sometimes fertiliser products are ingested accidentally when animals are allowed to graze 
soon after fertiliser application. The ingestion of fertilisers is exacerbated when the pasture is 
short and the stocking rate is high. Care in fertiliser application and grazing management 
needs to be taken if poisoning is to be avoided. Ammonium and nitrate in nitrogen fertilisers, 
and fluoride in ph9sphate fertilisers manufactured from phosphate rock, are likely to be the 
most common toxic components in stock poisoning. 

The risk of fertiliser poisoning can be minimised by withholding stock for a minimum 
period of two weeks or until at least 25- 30 mm rainfall has fallen. 

Nitrate Poisoning 
Following nitrogen (N) fertiliser application, N uptake precedes growth, leading to the 
accumulation of nitrate in the plant. Toxic levels of nitrate can occur, especially during rapid 
phases of growth when warm, overcast weather follows a dry spell. In ryegrass and other 
forages, this can lead to nitrate poisoning in livestock. Heavy dressings ofN fertiliser will 
exacerbate this problem. 
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6.17.2.2 Aggravation of Magnesium Deficiency in Livestock 

Outbreaks of hypomagnesaemia in lactating cows during changeable cold weather are often 
associated with pastures containing high levels of nitrogen and potassium. Since legumes 
contain more magnesium than grasses, any decrease in clover content resulting from an 
application ofN fertiliser will increase the risk ofhypomagnesaemia. The increased pasture 
production will also decrease magnesium concentrations in the grasses due to a dilution 
effect. 
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6.18 NUTRIENT BUDGETS 

Nutrient budgets are fast becoming an important and internationally recognised indicator of 
sustainable land management. Depending on the type of farming system involved, nutrient 
budgets require a balance sheet to be kept of INPUTS and OUTPUTS ofnutrient(s). The 
various external inputs and outputs required for a nutrient budget are listed below: 

INPUTS 
Fertiliser 

OUTPUTS 

Atmospheric (dust, rain) 
Supplements (hay, silage) 
Irrigation 

Produce (milk, meat, wool, grain, fruit) 
Residues (straw, prunings) 
Animal transfer 
Atmospheric (gaseous) losses 
Leaching Biological N fixation 

Within the soil, there can also be important processes occurring that can alter the plant 
availability of some important nutrients. To complete a nutrient budget the following 
"internal" (soil) inputs/outputs should also be considered: 

INTERNAL (SOIL) INPUTS I OUTPUTS 
Mineralisation I Immobilisation (mainly N) 

Adsorption of P and S 
Slow release K ("reserve" K) 

Slow release P 
Nutrients required for extra growth 

Many of the above inputs I outputs are difficult to predict, therefore, a simple approach is to 
balance fertiliser inputs with nutrient losses in the produce and residues only. Estimates of 
these losses from crops can be seen in Table 6.16, page F-28. This type of approach is of 
limited value, as the other outputs (mainly leaching and animal transfer in the case of pasture) 
can be significant. Nitrogen mineralisation, particularly after cultivation, and biological N 
fixation from clovers, are very important sources of nitrogen in New Zealand agriculture. 
Also, most sedimentary soils in New Zealand have reasonable reserves of potassium. Not 
aliowing for these inputs ofN and K can iead to an over-use of nitrogen and potassium 
fertiliser when using simple budgets. 

More accurate nutrient budgets are available using computer models that have been made 
using results from research trials. A good example of a full nutrient budget, using a computer 
model, is shown in Figure 6.1 (from the AgResearch "OverseerTM" program - see over page). 
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Figure 6.1: Nutrient Budget Produced by OVERSEER'" for a Winter Wheat Crop in Canterbury 



6.19 LIMING 

6.19.1 Composition of lime 

Limestone contains calcium carbonate. Good quality limestone contains greater than 80 % 
calcium carbonate. Most New Zealand limestones are classified as 'moderately reactive'. The 
speed of reaction after application to the soil depends on the particle size of the lime. The 
finer the particle size, the faster the lime dissolves. The New Zealand standard for approved 
ground limestone requires that at least 50 %passes through a 0.5 mm sieve, and not more 
than 5 % is retained on a 2 mm sieve. 

6.19.2 Reasons for Applying lime to the Soil 

Calcium deficiency is not a common soil fertility problem in New Zealand, whereas soil 
acidity is relatively widespread. Thus lime is added to soils to increase soil pH (reduce 
acidity) rather than as a means of adding calcium to the soil. The main benefits of increasing 
the pH are to overcome aluminum toxicity and increase molybdenum and phosphorus 
availability. 
Applying lime to an acid soil: 

Raises its pH to the optimum level for the crop to be grown. 
Increases the availability of phosphorus in some acid soils (but increasing the pH to 
more than 6.5 will decrease phosphorus availability). 
Stimulates microbial activity and increases the availability of soil nitrogen (N) - this is 
why limed pastures appear greener - the liming effect is like an N fertiliser response. 
Increases the availability of molybdenum. 
Decreases toxicity due to aluminium and manganese. 
Helps stabilise soil structure. 
Decreases the availability of the trace nutrients zinc, copper, boron and cobalt. 
Decreases some pathogenic fungi. 

Soils become acid by a series of natural processes that increase the production of hydrogen 
ions. These processes include nutrient uptake for plant growth, organic matter decomposition, 
biological nitrogen fixation, nitrification and leaching. Some fertilisers also have a direct 
effect on soil acidity (ammonium sulphate, urea and sulphur). Nitrogen fertiliser causes soil 
acidification directly by nitrification processes or indirectly by increased plant growth and 
leaching. Other fertilisers such as Superphosphate have negligible direct effects on soil pH. 
Any fertiliser that increases plant production, and particularly biological N fixation (clovers), 
will indirectly cause some soil acidification. 
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6.19.3 Lime Required to Raise Soil pH 

The change in soil pH produced by a lime application is influenced by the texture of the soil. 
Coarse textured soils (sands) require less lime for a given rise in pH than fine textured soils 
(clays). However, in practice, apart from soils with extremely coarse or extremely fine 
textures, and peats as described below, applications oflime in New Zealand appear to produce 
similar responses over a wide range of mineral soils: 

• 10 tonne/ha of good quality limestone will raise soil pH by 1 unit (e.g., pH 5.0 to 6.0) or, 
for each tonnelha applied, the soil pH will rise by 0.1 unit (e.g., pH 5.5 to 5.6). 

Peat soils have different lime requirements from mineral soils. For both pasture establishment 
and maintenance, recommended pH values are 5.0 on the top 0-75 mm of peat, and 4.5 
between 75- 150 mm. Large pasture responses to lime are likely if the initial soil pH is much 
below these values. However, in order to significantly increase pH below a depth of 75 mm, 
lime must be incorporated into the peat. 

Surface applied lime does not move down into the subsoil. Clearly, lime can only be 
incorporated when pastures are being resown. 

For developed peats and peaty loams, a surface application of nine tonnes oflime/ha will 
raise the pH ofthe top 0-75 mm of soil by one unit. 

6.19.4 Frequency of Liming 

There is limited field information on the duration of lime responses in New Zealand, although 
they appear to be related to rainfall and the amount of lime applied. In general, the higher the 
rainfall and the lower the application rate, the shorter the duration of the response. However, 
the response from even relatively low rates of application (1 - 2 tonnes/ha) may last for three 
to four years. 

The need for re-liming can be readily assessed by monitoring soil pH values. It is 
generally recommended that this be undertaken every three to four years. 

6.19.5 Pasture Growth Response to Lime 
(Source: Morton and Roberts, 1999) 

In general, on mineral soils, if the soil pH is less than 5.8, applications of lime will increase 
pasture production. The lower the initial pH, the larger the potential production increase (see 
Figure 6.2, over page). At pH 5.0 increases of pasture production of between 8- 12% are 
possible, depending on the rate oflime application. At pH levels of between 5.8 - 6.0; lime 
responses are minimal. There is no benefit, in terms of pasture production, from liming soils 
with a pH greater than 6.0. 
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Figure 6.2: The Relationship between the Average Increase(%) in Annual Pasture Production 
on Mineral Soils due to Liming, and the initial Soil pH 
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On peat soils, near maximum pasture production will be sustained if soil pH levels in the top 
0- 75 mm of soil are maintained at between 5.0- 5.5, and between pH 4.5 - 5.0 at a depth of 
75- 150 mm. 

Generally it takes about 12- 18 months for lime to have its maximum effect on soil pH, 
depending on the rainfall and the amount of acidity in the soil (the pH) to begin with. Lime 
responses are seasonal, and most of the response occurs in the summer and autumn period. 

Lime 'slurries' may be fast acting due to being micro-fine, but their low application rates 
appear very small when compared to the inputs known to be required to have a significant 
effect on soil pH. 

On pastures, liming generally encourages the more productive species at the expense of low 
fertility species. 
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6.19.6 Effect of Liming on Animal Health 

Increasing calcium (Ca) in pasture plants can increase the danger of clinical 
hypomagnesaemia or grass staggers in lactating cows in late winter or spring. To avoid this, 
large applications oflime should not be made in winter. 

Increasing soil pH makes molybdenum more available, interfering with the availability of 
copper to animals, and possibly inducing a copper deficiency. 
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6.20 NUTRIENT DEFICIENCIES OF PLANTS 
(Note: Refer to Section 2 for nutrient deficiencies oflivestock). 

6.20.1 Essential Elements for Plant Growth 
(Source: McLaren and Cameron, 1996) 

There are 16 elements that are essential for the growth of plants. They are: 

Carbon (C) 
Hydrogen (H) 
Oxygen (0) 

Nitrogen (N) 
Phosphorus (P) 
Potassium (K) 

Sulphur (S) 
Calcium (Ca) 
Magnesium (Mg) 

Iron (Fe) 
Copper (Cu) 
Zinc (Zn) 
Manganese (Mn) 
Boron (Bo) 
Chlorine (Cl) 
Molybdenum (Mo) 

J 

J 

J 

These three elements 
are drawn from 
the air and water. 

These three major elements are drawn 
from the soil. 
Nitrogen, in specific instances, is 
first fixed from the atmosphere by 
bacteria, e.g., in the case oflegumes. 

These three elements 
are the secondary 
elements. 

These are the trace elements. 

Growth and yield of crops are determined to a large extent by the nutrient element that is 
present in the smallest quantity to the plants' requirements. 
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6.20.2 Nutrients: Plant Analysis and Standards 
(Contributed by Kim Stevenson, Agritek Ltd, Christchurch) 

There are two main reasons why plant analysis or testing is used. One is to check the nutrition 
of the plant itself and the other is to check the nutritive value for the animal that eats it. This 
section deals mainly with the nutrition of the plant. (See Sections 1 and 2 for detailed 
information about stock requirements). 

How to get the most out of herbage analysis 
Historically, herbage sampling has been conducted to identify problems once they are 
suspected: the crop looks or is performing poorly, or animals are not performing. If areas of a 
crop look poor, then sampling good and poor areas for comparative analysis is recommended. 

The use of herbage analysis has expanded to encompass a pre-emptive approach to plant 
and animal health. Many of the mineral problems observed are 'chronic', where the level of a 
mineral is marginal, not quite what would traditionally be considered critically low. If the 
only stress was this particular mineral, there is unlikely to be a significant problem. But 
multiple stresses compound (water, pests, disease, etc.) and a chronic deficiency can add to or 
multiply a problem. 

Signs may be indistinct; a general poor performance of either pasture, crop or animals. 
Chronic deficiencies may come and go depending on the season, and are often difficult to 
'pin-down'. 

The routine testing of herbage enables a profile of the mineral nutrition to be developed. 
For example, it is known that herbage Cu and Mg levels in pasture are low in late winter: the 
questions are, how low, what level do they rise to, and how quickly? Similarly, in autumn and 
winter sown wheat, early spring potassium levels are often low but usually increase with 
increasing temperature. The key factors are; what is the level in mid-August (coming out of 
the winter) and how much does it rise during September? (if at all). Clearly soil type and 
cropping history play a role through affecting available K levels. 

For pastures I animal nutrition, sampling in early spring, early summer (for lamb growth) and 
autumn is recommended if a full mineral profile (including trace elements) is required. As 
explained, low levels at one time of the year may be tolerated if they are high at another time, 
or may require specific remedial treatment (e.g., low spring magnesium). 

In cropping, a similar two to four sample per season approach is used depending on the 
crop, its value, and the speed with which you want to build up information. To save costs; not 
all samples need to be analysed for all minerals every time. What you analyse for depends on 
what you are looking for. The trace elements that affect stock health are unlikely to be 
analysed for in a cereal crop unless it is to be taken for silage. 

The information developed under this type of programme is durable: Once you have 
identified a specific issue (e.g., low K availability in early spring) then this can be acted on in 
perpetuity. 

Sampling Pasture and Crop 
Important: Avoid soil contamination (especially in wet conditions). All samples should be 
<,:lean, or washed thoroughly under the tap. If unsure, request that the lab wash the sample 
prior to analysis. 

Grazed pastures should be sampled at grazing height (use clippers) to ensure that much of 
the material analysed is in a young, vegetative state. 
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If analysis for animal health is required, then a sample typical of what the animals are 
grazing should be taken. Mixed herbage samples are required for diagnosing animal, rather 
than plant nutrition problems (see Section 2). 

Clover may be separated from the grass (after sampling) and packed in separate bags, for 
separate analysis - see Tables 6.18 and 6.19, over page. 

For wheat and barley crops, the whole plant is generally taken. With many other crops, the 
youngest fully expanded leaf is recommended as being both a sensitive and easily recognised 
tissue for sampling. 

Pmnt nutrient content depends on species, age of plant, part analysed, weather, time of year 
when the sample is taken, and the supply of nutrients from the soil. A void: 

Soiled, diseased, insect-damaged or dead tissue. 
Plants from atypical areas. 
Plants stressed by cold or drought. 
Water troughs I stock camps. 

Sampling must cover at least 15- 20 'sites' across a paddock, to ensure a representative 
sample. 

Plant samples should be loosely packed in either paper bags, or plastic bags with 
ventilation holes, and dispatched to the analytical laboratories with the minimum delay. A void 
dispatch before weekends and holidays. The major labs supply sample bags, pre-paid postage 
bags and sampling information. 

Interpretation of Analysis Results 
There is variation created mostly by normal biological variation and there is also a standard 
laboratory variation. Do not try and read too much into a result;+/- 1 or 2 ppm would be 
considered a high level of accuracy. The analysis results are to give a guide as to where a 
particular crop or pasture is: High, adequate or possibly low. 

Note that while a low nutrient concentration may limit plant growth, an apparently 
adequate concentration may not guarantee good growth. Conversely, healthy crops may 
apparently have low levels of nutrients, due to a variety of circumstances. Dilution of 
nutrients in increasing bio-mass (plant size) is normal. Sampling through the season will 
reveal patterns of change in nutrient content; some such as N and P usually decrease with 
increasing biomass, and some such as Ca may increase. 

Much of the recent work categorises nutrient levels as high, adequate, marginal and low. 
What may be considered adequate in one particular situation may be considered marginal in 
another, according to yield potential. Although there is a shortage of precise data on critical 
values for many nutrients and crops, there is more certainty about adequate nutrient 
concentrations. Thus plant analysis can be used to eliminate possible causes for poor growth. 
See pages F -44 to 46 for standards for a variety of plants. 
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Table 6.18: Standards for White Clover Leaf Chemical Analysis 

Plant part: Leaves plus petioles (slender stalks joining leaf blade to stem). 
Stage of growth: Grazing height. 

Nutrient Deficient Low Adequate High 

Nitrogen N% <4.0 4.5-5.5 >5.5 
Phosphorus # P% <0.25 0.30-0.34 0.35-0.40 >0.40 
Potassium K% <1.7 1.7- 1.9 2.0- 2.4 >2.4 
Sulphur S% <0.25 0.26-0.32 >0.32 
Calcium Ca% <0.3 0.4- 0.8 >1.5 
Magnesium Mg% <0.15 0.15-0.17 0.18- 0.22 >0.22 
Manganese Mnppm <20 20-25 25- 30 >30 
Zinc Znppm <12 12- 15 16-20 >30 
Copper Cuppm <5 6-7 >10 
Boron Boppm <20 20-24 25-30 >40 
Molybdenum * Moppm <0.10 0.10-0.15 0.20-0.60 >1.00 
Iron Fe ppm <45 50-70 >200 
Nitrogen I Phosphorus >16 16- 15 14- 12 <12 
Nitrogen I Sulphur >20 20- 19 18- 16 <16 

#Note: In clover seed production, soil, and hence herbage P levels are kept deliberat~ly 
low to limit vegetative growth. 

*Note: Some advice recommends higher levels than shown. Specialist advice should be 
obtained in this situation. Molybdenum levels may also fluctuate according to the season, 
with high levels generally found in wet winter and early spring conditions, while low 
levels will be found during summer conditions- see Section 6.20.4, page F-48. 

Table 6.19: Standards for Ryegrass Leaf Chemical Analysis 

Plant part: Young, vegetative growth. Whole stem. 
Stage of growth: Grazing height. 

Nutrient Deficient Low Adequate High 

Nitrogen N% <3.0 4.0- 5.0 >5.0 
Phosphorus P% <0.30 0.30-0.34 0.35- 0.40 >0.40 
Potassium K% <1.7 2.0-2.5 >2.5 
Sulphur S% <0.22 0.22-0.26 0.27-0.32 >0.32 
Calcium Ca% <0.20 0.20-0.24 0.25-0.30 >0.30 
Magnesium Mg% <0.13 0.13-0.15 0.16-0.20 >0.20 
Manganese Mnppm <20 20-24 25-30 >30 
Zinc Znppm <10 10- 13 14-20 >20 
Copper Cuppm <4 4-5 6-7 >7 
Boron Boppm >15 
Molybdenum Moppm <0.15 0.15-0.29 0.30- 0.40 >0.40 
Iron Fe ppm <40 40-49 50-60 >60 
Nitrogen I Phosphorus >15 15-14 13-11 <11 
Nitrogen I Sulphur >18 18-17 16-14 <14 
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Table 6.20: Standards for Wheat Leaf Chemical Analysis 

Plant part: Whole stem above ground. 
Stage of growth: 3 - 4 tillers present. 

*Note: Potassium levels in early spring may be low, but so long as they do rise to around 
3. 5 % or greater, there is little chance of a response. 

Table 6.21: Standards for Barley Leaf Chemical Analysis 

Plant part: Whole stem. 
Stage of growth: 3 - 4 tillers present. 

Nutrient Deficient Low Adequate High 

Nitrogen N% <4.0 4.5-5.5 >7.0 
Phosphorus P% <0.29 0.30-0.35 0.35-0.50 >0.5 
Potassium* K% <2.5 <3.5 3.5- 4.5 >6.0 
Sulphur S% <0.25 0.30- 0.40 >0.4 
Calcium Ca% <0.30 0.30-0.80 >1.0 
Magnesium Mg% <0.15 0.20-0.50 >0.5 
Manganese Mnppm <20 25-30 30- 80 >100 
Zinc Znppm <20 25-70 >70 
Copper Cuppm <4 4-5 6. 10 >25 
Boron Boppm <5 5-8 >10 

*Note: barley seems to be able to tolerate low potassium levels. Sometimes high levels of 
sodium may accumulate(> 1%), possibly as a compensatory mechanism. This does not 
seem to be a problem. Low N nutrition will limit K uptake, and vice-versa. 
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Table 6.22: Standards for Maize Leaf Chemical Analysis 

Plant Part: Whole stem. 
Stage of Growth: 4- 5 collar I 50 em. 
Other Conditions: Take 20 leaves per paddock. 

Nutrient Deficient Low Adequate High 

Nitrogen* N% <3.00 3.5-4.5 4.5 - 5.5* >6.50 
Phosphorus P% <0.20 0.25-0.30 0.30-0.50 
Potassium K% <3.0 3.0-4.5 >5.0 
Sulphur S% <0.15 0.15- 0.20 0.20-0.30 
Calcium Ca% <0.35 0.4-0.6 >1.00 
Magnesium Mg% <0.15 <0.20 0.20-0.40 
Manganese Mnppm 15-25 30- 150 >200 
Zinc Znppm <20 20-25 25-85 >100 
Copper Cuppm <3 4-5 5- 10 >20 
Boron Boppm <4 4-6 6-20 >50 
Molybdenum Moppm <0.15 0.20-0.50 >1ppm 

*Large Yields can be achieved with herbage N content tending towards the lower end of 
the range given. The key issue is whether N content is maintained at reasonably high 
levels and not allowed to fall too low. While single tests are of some use, two to three 
regular tests to measure the speed with which N content changes through the season is the 
key to effective N management in maize. 
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6.20.3 Nutrient Deficiency Symptoms in Plants 

Diagnostic keys, similar to the one in Table 6.22, provide a framework for visual diagnosis. 
Although visual symptoms are useful, there are two major weaknesses: 

Clear visual symptoms do not usually appear until a disorder is quite·advanced and 
some loss of yield or quality has occurred. 
Visual symptoms can be unreliable when more than one element is limiting or when 
some environmental stress has occurred. For example, cold stress may appear similar 
to phosphorus deficiency. 

Table 6.22: Quick Guide to Nutrient Deficiency Symptoms (Adapted from Cornforth, 1998) 

Signs Appear First on Old Leaves 
Growth upright but spindly: 

Leaves mottled, curled inwards, edges burnt, young leaves distorted -
Leaves pale green, dying back from tips or shed early -
Leaves dark green or with purple shades -

Growth normal or droopy: 
Dead spots between veins and on leaf margins, petioles thin -
Pale patches between veins and on leaf margins possibly bordered with 

redder areas -
Large dead spots over veins, leaves thickened, short petioles 

Signs Appear First on Young Leaves 
Growth deformed or collapsing: 

and internodes -

Growing tips of branches and young leaves die, parts of fruit dies -
Growing points die, auxiliary buds develop, petioles and stems brittle or 

cracked-
Growth not deformed but spindly: 

Pale patches between veins spreading to whole leaf
Pale patches between green veins, small dead patches -
Leaves wilt and die, stem tips weak, fruit fails to set -
Whole plant pale green, young leaves may become pale red in severe 

examples-

Deficiency Symptoms in White Clover 
Phosphorus Deficiency 

Molybdenum 
Nitrogen 
Phosphorus 

Potassium 

Magnesium 

zinc 

Calcium 

Boron 

Iron 
Manganese 
Copper 

Sulphur 

Plant growth is very dwarfed and dark green in colour. Old leaves become pale yellow and 
die. With time, all leaf stalks develop a slight purplish-pink colour. 
Sulphur Deficiency 
Yell owing of all the leaves, often starting with the youngest. 
Potassium Deficiency 
Variable symptoms: 
Summer: On the upper surface of the older leaves, numerous small white to pinkish-cinnamon 
coloured spots. Dead areas develop on the edges of these leaves and gradually spread until the 
whole leaf dies. 
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Summer I Winter: On either side of the mid-ribs of the oldest leaves, the development of dead 
areas on the leaf edges, beginning as pinkish-cinnamon spots. 

6.20.4 Molybdenum Deficiency 
(Adapted from Cornforth and Sinclair, 1984) 

In legumes (clover, lucerne, peas, etc.), molybdenum plays an important role in the proper 
functioning of the nodule bacteria and therefore nitrogen fixation. Severely molybdenum
deficient plants are typically pale green to yellow in colour, have poor leaf formation and 
have stunted growth. Pastures lack vigour and revert to low-fertility grasses. All these signs 
reflect the nitrogen-deficient state of plant and soil. 
Editorial Note: MAF "Aglink" FPP 531 states that, apart from these symptoms, the diagnosis 
of molybdenum deficiency in pastures is difficult because plant tissue analysis is not always 
conclusive. Pasture samples should not be taken when soil is very wet or very dry, as Mo 
concentration in herbage varies with soil moisture. It is best to analyse pure clover samples. 
Both the molybdenum and nitrogen levels must be below optimum (see Table 6.18, page 
F-44) before response to applied molybdenum will occur. 

Brassica crops are also very sensitive to molybdenum deficiency. Signs of deficiency may 
appear in bras sica crops where pasture and lucerne are not affected. 

Molybdenum Deficient Soils 
The map in Figure 6. 3 gives a generalised picture of the distribution of potentially 
molybdenum-deficient soils through New Zealand. (Source M.A.F.). 

Figure 6.3: Distribution of Potentially Molybdenum-deficient Soils in New Zealand 
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Topdressing with Molybdenum 
On deficient soils, fifty grams of sodium molybdate per hectare* should be applied, once 
every four years. This rate will correct the molybdenum deficiency and give the maximum 
dry matter yield, without producing dangerously high molybdenum concentrations in the 
herbage that can lead to stock health problems. 

*A rate of 50 g sodium molybdate!ha is achieved by: 
100 kg/ha of0.05% Mo Super (500 g sodium molybdate/tonne) or 
200 kglha of0.025% Mo Super (250 g sodium molybdate/tonne). 

Molybdenum, Sulphur and Copper Interactions 
The copper status of ruminants is adversely affected by high concentrations of molybdenum 
and sulphur in the feed, primarily due to effects on copper absorption from the gut. However, 
if the pasture is of normal copper status, i.e., 6 to 10 ppm, it is extremely unlikely that 
applying molybdenum (as recommended), will be the cause of any stock health problems. 

It is of interest that small amounts of sulphate fertiliser are very important in preventing 
high concentrations of molybdenum in the herbage. 

Lime and Molybdenum 
The availability of molybdenum increases with a rise in soil pH. Thus lime may help to 
alleviate molybdenum deficiency and will increase the molybdenum concentration in the 
herbage. Care must be taken when applying molybdenum to soils of high pH, as high 
concentrations of molybdenum in the herbage may result. 

6.20.5 Boron Deficiency 

In New Zealand, boron deficiency is widespread in turnips and swedes, moderately 
widespread in lucerne, and rare in pasture. Deficiency symptoms in turnips and swedes are the 
so-called "brown heart", a brownish water-soaked appearance of the centre of the root, which 
sometimes may be hollow~ Boron deficiency can be corrected with an application of 5 kg!ha 
of sodium borate during spring months. The recommended frequency is· an application every 
four to five years depending on crop type and foliar analysis. 
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6.20.6 Trace and Minor Element Fertiliser Materials 

Table 6.23 lists fertiliser materials that can be used to supply requirements of trace or minor 
elements. 

Table 6.23: Trace and Minor Element Fertiliser Materials 

Element Fertiliser Material % Content of Element 

Boron (Bo) Borax 11 
Fertiliser borate-48 15 
Fertiliser borate-65 20 

Cobalt (Co) Cobalt sulphate 21 
Copper (Cu) Copper sulphate 25 
Iron (Fe) Ferrous sulphate 19 
Magnesium (Mg) Dolomite 12 

Epsom salts 10 
Kieserite 15 
Magnesium oxide (pure) 60 
Calcined magnesite 55 
(Australian causmag) 
Calcined magnesite (Chinese) 50 

Manganese (Mn) Manganese sulphate 24 
Molybdenum (Mo) Sodium molybdate 39 
Selenium (Se) Sodium selenate prill 1 
Sodium (Na) Common salt 39 
Zinc (Zn) Zinc sulphate 23 
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6.21 NUTRIENT TOXICITY IN PLANTS 

The main causes of nutrient toxicities in crops and pasture are soil acidity, soil salinity, or 
waterlogging of soils. Under saline conditions chloride and sodium toxicities are common. In 
acid soils, toxicities of manganese and aluminum often occur. When soils become 
waterlogged, manganese becomes more soluble and the plants can take up toxic amounts. 

Under special circumstances, toxicities of some of the trace elements can occur. Point 
source contamination of soils can occur from timber treatment plants, and stock drenching. 
Heavy metal residues in mining and sewage wastes are other potential causes of toxicity. 

Uneven application or use of high rates of trace elements can easily lead to toxicity 
effects. 

Symptoms of nutrient toxicity generally show first in the oldest leaves. These leaves have 
the highest transpiration rates and receive most of the nutrients absorbed by roots as they 
move in the transpiration stream. Toxicities commonly produce burnt or necrotic (dead) areas 
of tissue. 
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6.22 SOIL PHYSICAL CONDITIONS AND PLANT 
PRODUCTION 
(Adapted from McLaren and Cameron, 1996) 

6.22.1 Soil Structure and Organic Matter 

Soil structure, although often ignored, can h;iVe an over-riding influence on crop growth. Soil 
structure needs to be of a size, shape and packing which maintains the necessary balance of 
air and water in the soil in order to allow easy root growth. 

The ability of a plant to get water and nutrients from the soil is largely controlled by the 
number and length of its roots. Roots grow at a rate of between one and fifty mm/day 
depending on such things as soil aeration, temperature and resistance to penetration (soil 
strength). Roots prefer to grow through existing cracks and pore spaces in the soil. They 
actmilly grow between soil aggregates rather than through the aggregates themselves. Roots 
can exert some pressure on the soil to help them grow but if the aggregates are packed too 
tightly, and the pores are smaller than a certain size (less than 0.2 mm), then root growth will 
stop. 

Roots and essential soil micro-organisms need air (oxygen) to grow. When the soil is wet 
or waterlogged, oxygen cannot move around so easily or exchange readily with the 
atmosphere. The rate at which a soil drains is controlled by the number of large pores (greater 
than 0.05 mm) in the soil and if these are lost, or blocked, drainage is restricted. A correct 
balance of large and small pores is required to allow drainage and water storage. This is 
controlled by the form and stability of the soil aggregates. 

Soil aggregates are a mixture of sand and silt bound together by clay, organic matter and 
other soil components. Within the aggregates there are many small air spaces because the clay 
and organic matter act as bridges holding the other particles apart, yet binding the aggregate 
together. Other soil components such as iron and aluminium oxides, along with calcium, also 
help to cement the aggregate together. Roots and fungal hyphae help by growing around the 
aggregates, keeping them intact and holding individual units apart. 

Plant roots produce certain glues (polysaccharides) which bind the sands and silts 
together. As roots grow they exert a pressure on the aggregates which moulds them into shape 
and this, as well as removing water from them, helps to form the individual aggregates. Other 
forces such as wetting and drying, freezing and thawing also help to form the aggregates. 

Research work has shown that soil organic matter has a very strong influence on aggregate 
stability. The type of organic substances present are important, but often it is only the amount 
which is possible to measure. It is commonly stated that when levels fall below about 2.5 % 
organic matter then soils are likely to be unstable. However, this depends very much on the 
presence or absence of the other soil cementing agents (i.e., clay, iron and aluminium oxides, 
and calcium). 

Fine sandy soils and silty soils can become unstable if they lose their organic matter, 
whilst heavier soils are often less prone to instability. Clay soils present other problems of 
smearing and compaction if worked when too wet. 

Cultivation breaks up the soil and increases the rate of organic matter loss. This reduces 
the stability of the aggregates. It is, however, possible to restore the level of organic matter by 
returning to a grass. The levels of organic matter provided by different plants are given in 
Table 6. 24 (over page) and show why it builds up under grass. 
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Table 6.24: Quantities of Organic Matter Returned by Roots of Various Plants 
(From McLaren and Cameron, 1996) 

Crop 

One year grass 
Three year grass 
Winter cereals 
Spring cereals 
Potatoes 
Red clover 
10 tonnes farmyard manure 

Added Organic Matter (kg/ha) in Top 15 em Soil 

4000- 5000 
6000- 8500 
2200 
1300 
250 

2000 
4000 

Different crops in the rotation either deplete or restore soil organic matter. Table 6.25 
indicates some of the various depletive and restorative crops available. A pasture phase or 
alternating different crops is also important for control of plant diseases and weeds. 

Table 6.25: Depletive and Restorative Crops 
(From Morton et al. 2000) 

Depletive Crops 

Partially Restorative 

Restorative 

Wheat, maize, barley, oats, brassica seed crops 
(including oil seed rape) 

Grazed forage and green manure crops, peas, beans, 
grass seed crops*, white clover seed crops 

Grazed pasture with legumes 

* Grass seed improves soil organic matter and structure but depletes soil nitrogen. 

6.22.2 Soil Damage 

Soil Compaction 
Damaged soil at gateways and loading areas in the paddock are common. The load pressures 
under tractor, harvester and trailer tyres can be large and can cause considerable rutting and 
compaction of the soil. Less obvious, but nevertheless significant, soil damage can occur over 
the whole paddock, particularly if the soil is too wet at times of cultivation or harvest. 
Intensive stocking (e.g., break feeding) can also damage the soil when it is wet. 

When the soil is dry it can withstand considerable loads without being deformed. 
However, as it becomes wetter this ability is lost and the soil reaches a state where it can 
almost be moulded as a plastic. What happens is that the water a~.:ts as a lubricant within the 
soil and allows the soil particles (sands, silts and clays) to slide over each other rather than 
resisting the applied pressure from the tyres. Water content changes of even two or three 
percent can have a large influence on soil damage. 

The risk of wheel-slip also increases as the percentage of water increases. This can result 
in severe soil damage with smearing and puddling occurring in wheel ruts. The influence of 
this on water infiltration and seed emergence is obvious. 

Cultivating too early, when the soil has not dried sufficiently, can also result in serious 
soil damage, producing plough pans and dense clods. In contrast, the ideal tilth should be 
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made up of small aggregates that give the soil strength and also allow ease of water and root 
growth. Good and bad soil profiles are shown in Figure 6.4, page F-56. 
Reducing the Risk of Compaction 
The surest way of reducing the risk of soil damage is to avoid being on the land when it is too 
wet. Well structured and well drained soils are less at risk after rain than heavy soils which 
are naturally poorly drained, or soils with compaction problems. 

Minimising the number of passes over the paddock will help reduce the damage. Using the 
marked 'tramlines' will also help restrict the damaged area. 

Using larger tyres or fitting dual wheels during cultivation reduces the contact pressure on 
the soil, and this reduces compaction. Dual wheels also reduce the likelihood of wheel-slip. 

The contact pressure on the soil is increased directly with the inflation pressure of the tyre. 
Most rear tractor tyres are inflated at 50 - 150 kPa, whilst trailer and truck tyres are inflated at 
300 - 600 kPa. This, and the smaller area under truck tyres, can result in considerable damage 
to the whole paddock. Where possible, these often heavily loaded vehicles need to be 
restricted to the edge of the paddock. It is also recommended that inflation pressures of tractor 
tyres be reduced, to cut down the risk of compaction. Flotation tyres, for instance, have very 
low pressures of about 20 kPa. 

Correcting Soil Compaction Problems ·· Subsoil Cultivation 
Many New Zealand soils have naturally compact subsoils, and others have developed 
compact layers through cultivation practices. The basic objective of subsoiling is to break up 
the soil at depth (normally down to 300- 500 mm) and to produce vertical cracks through the 
soil profile. The basic implement, which is often called an "aerator", is shown in Figure 6.6 
(page F -57) and consists of a large vertical, or angled, tine with a shoe at the base. Some 
subsoilers have wings at the base, which increase the effectiveness of the implement, and 
others have a reciprocating tine which assists its movement through the soil. 

Subsoiling is usually conducted when the soil is friable, as this produces the maximum 
disturbance of the profile. If the soil is too moist the extent of cracking is limited. However if 
it is too dry, it may not be possible to pull the subsoiler at the required depth. Usually the best 
time to subsoil is in the autumn, but this depends on local soil conditions. If examination of 
the soil profile shows there is a problem, subsoiling should be undertaken, although it is 
unlikely to be required more frequently than once every three or four years. 

In soils with an obvious pan, the ideal depth of subsoiling is about 80 mm below the pan, 
as this causes maximum lift and shatter of the pan. In soils with no obvious pan, but with a 
natural compact subsoil, then the deeper the subsoiling operation the more effective it is. 

When the soil is tile drained, subsoiling is conducted at right angles to the drains, as this 
assists with water collection. 

In order to avoid increased erosion risks on sloping ground, subsoiling is conducted across 
the slope (not up and down). Subsoiling in rolling land can lead to problems if the increased 
drainage from crests moves water towards lower areas which are not properly drained. 
The main effects of subsoiling are: 

to increase the infiltration and drainage rate of the soil. 
to allow a greater depth of root growth and thus increase the amount of soil water 
and nutrients which are available to the plant. 

These benefits can lead to large increases in crop production. The size of the yield increase 
depends on the previous soil condition, the type of crop, weather, and soil fertility level. 
Nevertheless, trial results in New Zealand have shown yield increases of up to 50% in peas, 
wheat, barley, and grass I clover pastures. 
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Stock Pugging I Treading Damage 
Pugging damage occurs when the soil is so soft that the weight of grazing animals cannot be 
supported by the soil surface. Severe pugging can decrease pasture production by 20 to 80 % 
and can take up to one year to recover. Pugging I treading damage will also reduce surface 
drainage, causing the soil to remain softer and wetter, inducing further damage at following 
grazings. On sloping land, treading damage is likely to increase surface run-off and erosion. 
Prevention of Pugging Damage 
A void grazing pastures when the soil is very wet. If grazing is essential, maintain good 
pasture cover to offer some physical protection against pugging. Pasture lengths of 
120 to 150 mm ar.e optimum. Plan to graze the wetter paddocks before they become 
susceptible to pugging. Start grazing from the back of the paddock (long grass gives better 
protection when stock or vehicles are driven over it). 

On-off grazing management is the most effective method of minimising pasture and 
pugging damage. It involves having stock on pastures for short periods of time- often only 
four hours in very wet conditions. For the rest of the time stand stock on purpose built stand
off facilities or utilise hard tracks I yards. 

If feed supplements are required, use feed pad facilities to avoid wastage and damage to 
soils and pasture. 

6.22.3 Identification of Soil Structure Problems 

A careful and systematic examination of the soil profile can indicate problems for plant 
growth. The first step is to select an area of the paddock which is uniform and similar to th~ 
rest (i.e., avoid gateways, tracks, etc.). Next, dig a good sized pit (50 - I 00 em wide) to a 
depth of about 50 or 60 em, making note of the ease of spade work at each depth. Then 
carefully prepare the face of the pit so that the physical features of the profile can be seen. 
This is best done by gently picking at the pit face with a knife to remove the smoothed edge 
created by the spade. Start at the top and work down the face. 

Examine the full pattern of roots in the profile and decide on whether there is an even 
reduction with depth or if there is a sudden decrease, or increase at any depth. Examine the 
soil texture changes within the profile (e.g., sandy soil on clay subsoil). Examine the presence 
or absence of soil aggregates and their individual shapes. Test the density of the soil by 
probing at various depths with a pocket knife. 

Divide the soil profile into four layers: (i) the soil surface, (ii) the layer disturbed by 
normal cultivations, (iii) the soil just below the cultivated layer, and (iv) the subsoil (Figure 
6.5, page F-57). 

(i) Surface 
Examine the soil for the presence of a surface crust. This may be obvious, or may be 
detected by gently probing under the surface with a knife and lifting up the surface. 
The extent, thickness and hardness of the crust should be noted. 

(ii) Cultivated Layer 
Examine the soil for the presence of any dense layers or pans. These may be picked up 
by probing the pit face with a knife. Crop roots may show up the presence of a pan, 
being clustered or matted above it and with none below. Where a pan is present, the 
soil may have mottles (rusty coloured spots) which indicate poor drainage. Shiny 
surfaces on soil aggregates may indicate blocked soil pores and an effective pan. The 
depth of the pan is very important as this will define the maximum easy rooting depth. 
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(iii) Sub-cultivated Layer 
This layer is usually the most critical for crops and is usually the layer which has the 
greatest structural problems. Pans created by ploughing always at the same depth can 
be identified by examining the crop roots and soil, as outlined above. 

(iv) Subsoil 
Drainage conditions are usually most important here, and these may be obvious by the 
presence of water or grey I blue colours of the soil. Mottles will also indicate periodic 
water-logging. 

Figure 6.4: Good and Poor Soil Structure Profiles 
(McLaren and Cameron, 1996) 
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Figure 6.5: Examination of the Physical Conditions in the Soil Profile 
(McLaren and Cameron, 1996) 
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6.22.4 Soil Erosion 

Soil erosion is the removal and loss of soil by the action of wind or water. 

Water Erosion 
Water erosion depends on the intensity of the rain and the ability of the soil to absorb the 
water. The stability of surface soil aggregates, the presence of a crop or crop residues, the 
slope of the land and length of slope are important factors when considering the susceptibility 
of soil to erosion. 
Control of Water Erosion 
The most common methods to minimise water erosion are either: Management practices 
aimed at maintaining a well-developed and stable soil structure, combined with the presence 
of plants or crop residue cover during high rainfall periods; Or: Reducing the length and 
steepness of the slope by cultivating across the slope, using strip-cropping to reduce the 
amount of bare soil, and terracing of slopes to reduce the rate of run-off. 

Wind Erosion and Control 
Wind erosion occurs only when the soil surface is dry and wind velocities exceed 
30-40 km/hr. The most obvious form of wind erosion is suspension of fine particles (less 
than 0.1 mm) as dust clouds. The majority of wind-blown material {50 - 70 %) is moved by a 
process called saltation. Most particles moved by saltation are too big (0.1 - 0.5 mm) to be 
lifted into suspension; instead they bounce along the surface. Soil creep involves the largest 
particles (0.5 - 2 mm) which cannot be lifted by the wind, but are rolled along the ground. 

Control factors for preventing wind erosion are based on increasing the soil structure size, 
so that it is too large and heavy to be moved, or decreasing wind velocities. The wind speed 
can be reduced either through the use of shelterbelts or the management of the soil surface. 
Large aggregates or clods on the soil surface, or the presence of crop or crop residues, are 
management techniques that can be used to reduce the amount of soil lost. Other techniques 
are cultivating at right angles to the prevailing wind and the use of strip-cropping to reduce 
the amount of bare soil. 
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6.23 EARTHWORMS 

Benefits of Earthworms 
Earthworms improve the physical and nutrient status of soils by burying and decomposing 
plant material, mixing the soil, improving soil structure and creating channels through the 
soil. As the earthworms ingest soil, litter and dung there is an increase in the mineralisation of 
soil nitrogen and in the availability of phosphorus. Earthworms improve soil physical 
properties which increases water drainage and infiltration, aeration and root development. The 
increased root development also aids nutrient uptake and water availability. 

Fertilisers and Earthworms 
Earthworms are not harmed by fertiliser applications at normal rates. The increase in plant 
growth after fertilising will encourage a higher worm population. Earthworms prefer a pH of 
5.6 to 6.2, so if the soil is more acid than this, a lime application will increase worm numbers. 
Lime will also increase calcium levels, which favours worms. 

Monitoring Earthworm Numbers 
Earthworm populations should be measured when the soils are moist, and before it has 
warmed up (usually June to August). Earthworm numbers from at least five to six spadeful 
samples (approx. 200mm x 200mm x 200mm) in each paddock should be obtained. 
Earthworm numbers of 15 or more per spadeful. indicate adequate populations; fewer than 
five per spadeful indicate the worm population is too low to be effective. 

Introducing Earthworms to Pasture 
Earthworms can be introduced simply by lifting turfs from a highly populated area and 
placing them on a deficient pasture. Turfs should be placed grass-side down, with a liberal 
dressing of lime around each. Each hectare requires about 100 turfs and approximately 50 kg 
lime. · 
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6.24 THE SOILS OF NEW ZEALAND 

6.24.1 Soil Classification 

Until1992, New Zealand soils were classified by a system known as the New Zealand 
Genetic Soil Classification. Within this system, soils were separated into three classes (zonal, 
intrazonal and azonal soils), each of which contained several major soil groups (see Table 
6.26). However, several problems were recognised with this system, and in 1992 a new 
classification, known simply as the New Zealand Soil Classification was introduced (Hewitt, 
1992). Although the new system is intended to replace the New Zealand Genetic Soil 
Classification, most of the soil resource information currently available in New Zealand (e.g., 
soil maps and bulletins) conforms to the older system, and therefore familiarity with both 
systems will be required for some time. In the new classification system, New Zealand soils 
are placed into one of fifteen Soil Orders, depending on the presence ofvario~.<s key soil 
horizons and other criteria (see Table 6.27, over page). The following sections describe 
briefly the main characteristics of soils in the 15 orders. It is not intended that the material in 
these sections be used as a detailed key for the recognition of New Zealand soils. Readers 
requiring more information should consult McLaren and Cameron (1996) or Hewitt (1992) -
see Section 6.25, page F-64. 

Although classes of the New Zealand Soil Classification do not correspond precisely with 
classes of the older Genetic Classification, some general correlations can be made and these 
are shown in Table 6.28, page F-62. 

Table 6.26: Soil Orders and Soil Groups of the NZ Genetic Soil Classification 
('Old' System) 

Soil Orders: 

Zonal 

Brown-grey earths 
Yellow-grey earths 
Yellow-brown earths 
Podzols 
Gley podzols 

Intrazonal 

Yellow-brown sands 
Yellow-brown pumice soils 
Yellow-brown foams 
Brown granular loams and clays 
Red and Brown loams 
Rendzinas 
Gley soils 
Organic soils 
Saline soils 
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Azonal 

Recent soils 
Gley recent soils 
Skeletal soils 



Table 6.27: Soil Orders of the NZ Soil Classification ('New' System) 
(Adapted from McLaren and Cameron, 1996) 

Soil Order 

Allophanic Soils: 

Anthropic Soils: 
Brown Soils: 

Gley Soils: 

Granular Soils: 

Melanic Soils: 

Organic Soils: 
Oxidic Soils: 

Pallic Soils: 

Podzols: 

Pumice Soils: 

Raw Soils: 
Recent Soils: 

Semiarid Soils: 

Ultic Soils: 

Main Diagnostic Features 

Soils dominated by the mineral allophane. Mostly developed in 
andesitic or rhyolitic tephras in the North Island. 
Soils constructed or drastically disturbed by human activity. 
Aerobic soils with brown colours due to iron oxide coatings. 
(Brown soils are the most extensive New Zealand soils.) 
Waterlogged, anaerobic soils with grey reduced Band I or C 
horizons. 
Clayey soils derived by strong weathering of ancient volcanic 
rocks. Usually dominated by well developed nutty structure 
throughout A and B horizons. 
Soils with dark A horizons and high base status. Subsoils may 
contain lime, Qr have well developed structure if derived from 
basalt parent material. 
Soils consisting predominantly of organic material. 
Clayey soils dominated by oxide rich horizons containing 
crystalline aluminium and iron oxides. 
Soils with pale coloured subsoils with high slaking potential and 
high density (often in the form of a fragipan). 
Strongly leached acid soils with leached E horizons underlain by 
accumulations of aluminium I iron I humus. 
Soils dominated by pumice or pumice sand with a high content of 
natural glass. 
Very young soils without distinct topsoil. 
Weakly developed soils, showing minimal profile development 
but with distinct topsoil. 
Dry, weakly weathered soils with high base status. 
Accumulations oflime and salts common in subsoils. 
Strongly weathered soils with clay enriched subsoils. 
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Table 6.28: Approximate Correlations Between Soil Groups of the NZ Genetic Soil 
Classification ('Old' System) and Soil Orders of the NZ Soil Classification 
('New' System) (From McLaren and Cameron, 1996) 

NZ Genetic Classification 
(1948) 

Brown-grey earths 
Yell ow-grey earths 
Yellow-brown earths 

Podzols 
Gley podzols 
Yellow-brown pumice soils 
Yellow-brown loams 

Brown granular loams and clays 

Red and brown loams 

Yellow-brown sands 
Rendzinas 
Gley soils 
Organic soils 
Saline soils 
Recent soils 
Anthropic soils 
Unclassified 

NZ Soil Classification 
(1992) 

Semiarid Soils 
Pallic Soils 
Mainly Brown Soils, some classified as Ultic 
Soils or Allophanic Soils 
Podzols 
Podzols 
Pumice Soils 
Mainly Allophanic Soils, some classified as 
Pumice Soils 
Classified as Granular Soils, Melanic Soils 
or Oxidic Soils 
Mainly Oxidic Soils, some classified as 
Allophanic Soils 
Brown Soils 
Melanic Soils 
Gley Soils 
Organic Soils 
Semiarid Soils 
Classified as Recent Soils or Gley Soils 
Anthropic Soils 
Raw Soils 

6.24.2 Grouping of Soils Types for 
Fertiliser Recommendations 

(Adapted from Dairy Research Corporation Ltd and New Zealand Pastoral Agriculture 
Research Institute Ltd 1993 booklet: "Fertiliser Use on New Zealand Dairy Farms", and 
AgResearch "Overseer ™", Incorporating the AgResearch P KS Lime Program: User's Guide 
and Reference Manual) 

In practice, due to similar responses to fertiliser application, many of the 15 soil orders of the 
New Zealand soil classification are grouped together for fertiliser recommendations. There 
are two to six major groups depending on whether Fert Research and AgResearch booklets, or 
the AgResearch "OverseerTM" computer program is used. 
These groups are: 
Ash or Volcanic Soils such as Allophanic Soils (Waikato, Taranaki), Oxidic Soils, Granular 
Soils (Northland, Waikato), the poorly drained (Gley Allophanic) soils formed from volcanic 
ash (Waikato) and Melanic Soils. 
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Sedimentary Soils have been mainly formed from sedimentary rocks such as greywacke, 
sandstone and mudstone, and include: 

Brown Soils with reasonable drainage under moderate (Southland) to high rainfall (West 
Coast), or free draining Stony Brown Soils under low rainfall (Canterbury I North Otago); 
The moderately to highly leached Ultic Soils under moderate rainfall (Northland); Pallic 
Soils- the widespread (South Otago to Manawatu) terrace or rolling soils under moderate 
rainfall. Other orders oflesser area include Semi-Arid Soils (Central Otago), Sandy 
Brown Soils (Manawatu, Northland), Recent Soils (all regions) and Gley Podzol (pakihi 
soils). In "OverseerrM" the Sandy Brown Soils and Gley Podzols are identified as separate 
groups (Sands and Podzols). 

Pumice Soils formed from pumice (Bay of Plenty, Central Plateau). These soils (pumice and 
gley pumice), although volcanic in origin, have different properties to ash soils. 

Peat or Organic Soils with little or no mineral matter, made up of plant residues and 
occurring predominantly in the greater Waikato region. These are sometimes treated as a 
separate group, or treated similar to pumice soils for fertiliser recommendations. 

Sands (sandy brown soils and sandy recent soils) formed from wind-blown dune sand, 
occurring mainly in the Manawatu. 

Podzols referring to the podzols and gley podzols (pakihi) of the West Coast and Northland. 
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ORGANIC AGRICULTURE 

G -1 



Note: 

Contributed by: 

S. Wratten 
T. Jenkins 
C. Merfield 

Lincoln University. 
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7.1 ORGANIC AGRICULTURE -WHAT IS IT? 

Organic agriculture is based on a belief that agriculture needs to be completely sustainable, 
and on concerns about the unplanned and long-term effects of introducing synthetic chemicals 
and genetically engineered organisms into the environment. It is, therefore, a precautionary 
and environmental approach to agriculture, as opposed to the philosophy of short term yield 
or profit maximisation on which much of western agriculture is founded. 

IFOAM (the International Federation of Organic Agricultural Movements) describes 
organic agriculture as "including all agricultural systems that promote environmentally, 
socially and economically sound production of food and fibres. These systems take soil 
fertility as a key to successful production. By respecting the natural capacity of plants, 
animals and the landscape, it aims to optimise quality in all aspects of agriculture and the 
environment. Organic agriculture dramatically reduces external inputs by refraining from the 
use of chemo-synthetic fertilisers, pesticides and pharmaceuticals. Instead it allows the laws 
of nature to increase both agricultural yields and disease resistance. Organic agriculture 
adheres to globally accepted principles, which are implemented with local social-economic, 
climatic and cultural settings". 

The "globally accepted principles" referred to above have been created and refined over a 
number ofiFOAM world congresses and are the statements that guide and direct decision 
making in organics. They are: 

To produce food of high quality in sufficient quantity. 
To interact in a constructive and life-enhancing way with natural systems and cycles. 
To consider the wider social and ecological impact of the organic production and 
processing systems. 
To encourage and enhance biological cycles with the farming systems, involving micro
organisms, soil flora and fauna, plants and animals. 
To maintain and increase long term fertility of soils. 
To maintain the genetic diversity of the production system and its surroundings, including 
the protection of plant and wildlife habitats. 
To promote the health, use and proper care of water, water resources and all life therein. 
To use as far as possible, renewable resources in locally organised production systems. 
To create a harmonious balance between crop production and animal husbandry. 
To give all livestock conditions oflife with due consideration for the basic aspects of their 
innate behaviour. 
To minimise all forms of pollution. 
To process organic products using renewable resources. 
To produce fully biodegradable organic products. 
To produce textiles which are long lasting and of good quality. 
To allow everyone involved in organic production and processing a quality of life which 
meets their basic needs and allows an adequate return and satisfaction from their work, 
including a safe working environment. 
To progress towards an entire production, processing and distribution chain which is both 
socially just and ecologically responsible. 

While there is agreement within the organic movement on the above philosophy and 
principles there is considerable debate within the wider community about the best approaches 
to achieve sustainable agriculture. 

Much of the recent growth in organics has been market-led as opposed to farmers 
converting to organics due to a philosophical change of mind. This can lead to the economic 
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factors of production clashing with the ecological, environmental and social principles of 
organics. The practice of organic agriculture is, therefore, a compromise between the ideals of 
its principles and economic and market realities. It is impossible to understand organics 
without a good understanding of the principles and also the compromises made in relation to 
economic conditions. This compromise is also constantly re-negotiated as economic and 
social conditions change and the science and practice of organic agriculture evolves. The most 
obvious manifestation of this is in changes to the organic certification standards, which are 
almost invariably becoming more, not less, stringent. 
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7.2 MARKETS FOR ORGANIC PRODUCE 

The increase in organic product sales is clearly being driven by the final consumer, 
particularly urban dwellers in the USA, Europe and Asia who have high disposable incomes. 
The key reasons these consumers buy organic products are health issues, freedom from 
pesticides and antibiotics, agricultural production-related health and food scares such as 
bovine spongiform encephalopathy (BSE 'mad cow disease') and Salmonella in chickens, 
environmental concerns, and a belief in the better taste and nutritional superiority of organic 
produce. A recent report in Science showed from a 21-year study that organic and biodynamic 
systems were more sustainable with higher soil fertility and biodiversity. While yields were 
20 % lower, fertiliser and energy inputs were reduced by as much as 53 %, and 93 % less 
pesticide was used, making the organic systems more efficient (Mader, Fliebbach et al., 
2002). In contrast, a comparison of conventional and organic apple orchards reported in 
Nature found no difference in yields but that the organic system had better soil quality, lower 
environmental impacts, sweeter tasting apples, was more energy efficient and was more 
profitable (Reganold, Glover et al., 2001). 

In increasingly competitive global markets for bulk and commodity items, organics offers 
New Zealand agriculture an important value-added market which the country is well 
positioned to fill as its extensive mixed production systems are relatively easy to convert to 
organics. The adoption of organics would give credibility to New Zealand's valuable, but 
increasingly questioned, clean green image (Richards 1997). 

There is also a shift in political and social attitudes to farming and the countryside, 
particularly in Europe but also New Zealand. There is increasing scientific, political and 
social concern over many farming practices and the problems they cause. For example, the 
Resource Management Act (RMA) and the Animal Welfare Act in New Zealand are signals 
to agriculture that practices that were once acceptable are acceptable no longer. In Europe, 
there is pressure from member states and the European Parliament for wholesale reform of the 
Common Agricultural Policy (CAP) from one of production subsidies designed to maximise 
production to subsidies for particular farming practices that have positive environmental, 
social and animal welfare outcomes. This is reflected in the often considerable subsidies given 
to organic farming in Europe, ambitious government targets for the percentage of land to be 
farmed organically and substantial amounts of money spent on organic research a.11d 
development. Of the many 'drivers' for this change, one is the extensive and relatively recent 
decline in the populations of many European song-birds which is attributed to intensive 
agricultural practices. Recently the UK Prime Minister has included healthy song-bird 
populations as one of several indicators of quality of life. 

The image of organic farming has also changed. In Europe, organic farmers are highly 
respected, while many non-organic farmers, especially large scale intensive farmers, are often 
considered to be disreputable and responsible for damage to the countryside and for poor 
animal welfare. New Zealand is behind in this trend, but is following a similar path. Organic 
principles are increasingly being accepted and are less frequently being branded as "anti
science" and regressive. 

7.2.1 Domestic Market 

The New Zealand domestic organic market has seen considerable growth in the last three 
years (to 2002) and is rapidly catching up in dollar terms with export sales. Between 1997 and 
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2002 the estimated total domestic market for organic produce increased from $10.5 million to 
$71.0 million. Domestic distribution and marketing are now much. better equipped for 
handling sizeable quantities of organic produce from large scale farming systems, compared 
with the situation only three years ago (1999 I 2000). 

7.2.2 Export Markets 

Access to overseas markets is totally dependant on appropriate certification (see Section 7.3, 
page G-8). It is vital that growers discuss exporting issues with their certifier and obtain 
advice from organisations such as OPENZ (Organic Products Exporters ofNew Zealand Inc.) 

The international market for organic products continues its strong growth of 20 % per year 
with a value in 2000 ofUS$21 billion (Figure 71). The key markets continue to be Europe, 
Asia and North America. 

Figure 7.1: Global Market for Organic Produce 
Source USDA I I FOAM (USA billion= 1000 million) 
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For export meat sales, 2002 has seen the arrival of considerable quantities of UK organic 
lamb into that home market, slowing demand for New Zealand organic lamb, though sales 
still continue to grow. The USA is a valuable emerging market, its certification standards for 
livestock are much higher than are European Union (EU) standards, in that they prohibit 
drenching which is allowed in the EU. This is counterbalanced by the fact that a high 
proportion of organic livestock in the USA is finished on organic grain which is twice the 
price of non-organic, significantly increasing costs. New Zealand'slower-cost pasture-based 
system is at a competitive advantage. There are increasing numbers of New Zealand meat 
processors involved or interested in organic meat: these include (in 2002) Alliance, Blue Sky, 
Canterbury Meat Packers, PPCS Ltd, Taylor Preston, Afco, Richmond, Abco Meats, 
Harmony Organic Meats, and Southern Organics. 

The web-site 'www.organicsnewzealand.org.nz/products/meat.htm' lists companies 
handling organic meat (in 2002). 

There are also increasing numbers of supermarkets, wholesalers and processors for crop and 
other products such as Heinz-Wattie's Ltd, Fonterra, McCains, Only Organic, Bio-Grains and 

G- 6 



Chantal. In an evolving market, new companies are adding organic products to their portfolio. 
To obtain up-to-date listings of buyers of organic farm produce, OPENZ (Organic Products 
Exporters of New Zealand Inc.), Organic Pathways and The Soil & Health Association of 
New Zealand Inc. (Soil & Health) have comprehensive contact directories on their web-sites 
(see Section 7. 7.3, page G-21). Industry sector bodies such as Meat New Zealand (MeatNZ) 
often have a range of up-to-date information on outlets of organic produce. 

Figure 7.2: New Zealand Organic Exports, Actual and Projected Figures (OPENZ, 2001) 
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7.3 CERTIFICATION I AUDITING OF ORGANIC PRODUCE 

7.3.1 Introduction 

Access to organic markets and hence premium prices is now practically impossible without 
certification. Most overseas markets require certification by formally recognised certification I 
auditing authorities. These are increasingly being regulated by governments rather than by the 
non-governmental certification system headed by IFOAM (the International Federation of 
Organic Agricultural Movements). There are, however, some overseas retailers that will sell 
products only if they are certified by IFOAM accredited certifiers. 

New Zealand has 'third country listing' under an agreement between the EU and the New 
Zealand Food Standards Authority (MAF Offshore). It provides an official government-to
government assurance to the EU that organic products certified by accredited New Zealand 
certification agencies have been produced under organic rules that are equivalent to the EU 
regulations. This means it is easier to export organic produce to the EU as import licences for 
the individual states are no longer required, and New Zealand's organic exporters will have 
greater long-term market access stability in Europe. 

The USA has developed a similar national programme, which was to be implemented in 
2002, whereby all producers and handlers of organic produce sold in the USA must be 
certified by an agency accredited by the United States Department of Agriculture (USDA) 
that meets the standards of the National Organics Program (NOP) or by foreign certification 
agencies whose governments have an agreement with the USDA. OPENZ is currently (2002) 
working with the New Zealand government to satisfy the USDA that the standards under 
which it accredited the New Zealand certifiers meets the requirements of the NOP. 

The Japanese Ministry of Agriculture and Fisheries (MAF) strengthened the labelling laws 
for organic produce in 2001. Access is now (2002) achieved by the New Zealand certification 
agencies having agreements with the Japanese MAF-registered accreditation agencies. 

7.3.2 New Zealand Certification Agencies 

There are three main organic certification agencies in New Zealand, the New Zealand 
Biological Producers & Consumers Council Inc. (Bio-Gro ), AgriQuality New Zealand Ltd. 
(AgriQuality) and the Bio Dynamic Farming and Gardening Association in New Zealand Inc. 
(Demeter). A new certification scheme, OrganicFarmNZ, was created for small-volume 
producers. It has recently completed a successful trial and is being implemented nationwide 
(in 2002). This certification is targeted to satisfy the New Zealand domestic market 
requirements. It is being administered by Soil & Health. 

Each of the above certification agencies produce their own organic standards which 
describe, often in some detail, what practices and products are recommended, restricted or 
prohibited. The standards and the agencies' auditing procedures are then audited by other 
agencies which can include IFOAM and the New Zealand government. There are some 
significant differences between the standards and they are under a process of constant 
updating, often including an annual review. It is, therefore, not possible here to give details of 
the standards or their differences. Copies of each standard are available from the certification 
bodies and can also be down-loaded from the appropriate web-site (see Section 7. 7.3). 
Standards are detailed in their prescriptions but do not constitute manuals of how to grow 
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organically. It is important to obtain other sources of information for advice and direction in 
organic production. For more information on other sources of advice, see Section 7. 7 
(page G-19). 

In addition to the standards of the New Zealand certifiers, a national minimum organic 
standard is being developed (in 2002) by Standards New Zealand after the Primary 
Production Committee of Parliament called for its creation in its report 'Organics- New 
Opportunities for the Future'. The standards will bring the term "organic" into law so that the 
term will have to meet legal criteria. At present, (in 2002), anyone can label their produce 
"organic" but need not have grown it to accepted organic standards. 

Bio-Gro 
Bio-Gro is New Zealand's leading organic producers' organisation and certification agency. It 
was incorporated as a non-profit society in 1983. Bio-Gro also provides promotional, 
educational and technical support to its membership of 1200, comprising approximately 700 
licensed operators, and 500 associate members. It is currently (2002) the only New Zealand 
IFOAM accredited certifier (it is audited to, and meets, the IFOAM standards and the 
!FOAM-accreditation criteria). Its contracted audit company, SGS New Zealand Ltd, has 
International Standards Organisation Guide 65 (ISO 65) certification for the 'Certification of 
organic foods and organic food production systems'. The key functions ofBio-Gro include: 

Setting of the Bio-Gro organic production standards. 
The inspection and certification of Bio-Gro licensees. 
Promotion of the Bio-Gro trademark. 
Fostering research and education into organic agriculture. 

AgriQuality 
AgriQuality provides an organic certification service to organic producers and processors, 
through its certification business Certenz. AgriQuality has a robust 1 00-year legacy of 
supplying independent testing, analysis and quality assurance systems for farm, food, forestry 
and plant products. The AgriQuality Organic Standards are based on the international Codex 
Alinorm 99/221, EU Regulations and the Australian National Standard and are set to meet all 
international requirements and be accepted by international markets. Certenz has ISO 65 
certification - required for market access for certified organic produce into the European 
Union. Certenz is in the process of gaining IFOAM accreditation (2002). Certenz is an 
approved Third Party Auditing agency with the New Zealand Food Safety Authority. 
Products are entering markets throughout the world including the EU, USA, Australia and 
Japan under the AgriQuality Organic Standards. AgriQuality is also able to provide advice to 
those wishing to convert to organic agriculture. 

Demeter 
Demeter is a world-wide certification system, used to verify to consumers in over fifty 
countries that food or product has been produced by biodynamic methods. The Bio Dynamic 
Farming and Gardening Association is the certifier in New Zealand. It also promotes the 
biodynamic farming method, based on general organic principles and the philosophy of 

1 The Codex Alinorm 99/22 are the guidelines for the production, processing, labelling and marketing of 
organically produced foods. These guidelines were produced by the Codex Alimentarius Commission which was 
formed in 1963 by the Food and Agriculture Organisation of the United N,ations (FAO) and the World Health 
Organisation of the United Nations (WHO) to develop food standards, guidelines and related texts such as codes 
of practice under the Joint FAO/WHO Food Standards Programme. 
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Rudolf Steiner. It includes practices such as the use of Steiner preparations, and timing 
operations by an astronomical calendar. 

OrganicFarmNZ 
This is a newly established small producers' certification scheme that is currently being 
administered by Soil & Health (the Soil & Health Association of New Zealand Inc.). It is 
based on a group certification process and has its own standards. Between three to eight 
producers in the same geographical area (but not necessarily with the same production 
systems) form a 'pod'. The members of the pod 'peer review' each other, and then the pod as 
a whole is certified by OrganicFarmNZ, thus reducing certification costs. 

IFOAM (International Federation of Organic Agricultural Movements) 
IFOAM is the non-governmental organisation that sets international baselines for country
based certification standards, and is the key international promoter of organics. It also 
negotiates with trans-national bodies such as the United Nations and the European Union. 

7.3.3 Equivalence of Different Certification Agencies 

If plants, animals or their products are to be traded or moved between organic farms with 
different certifiers, this can occur only if the certifier of the receiving property has granted 
'equivalence' to the certifier of the sending property. If there is no equivalence agreement, 
then the certifier of the property onto which the products are to be brought will wish to review 
the auditing reports for that farm and the standards of the other certifier to ensure that they 
meet its standards. Even if both certifiers are IFOAM accredited it does not mean that their 
standards are equal, as IFOAM accreditation is a bench-mark and does not necessarily prove 
equivalence. For unrestricted movement or trade of certified products between certification 
regimes, the certification agencies need to have a bilateral equivalence agreement. In all cases 
it is essential to gain clarification from both certification agencies beforehand. 
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7.4 CONVERSION TO ORGANIC AGRICULTURE 

The process of conversion to organic agriculture can present challenges, especially in the first 
two to three years. It is during this time that there is often little or no premium advantage for 
produce, and yields may be lower than those achieved during the previous conventional 
farming. Detailed planning, education and time is required to minimise potential problems. 
Failure to prepare adequately is likely to result in serious difficulties. However, thorough 
preparation can result in significantly improved returns, once converted. A study showed 
increases of 3 7 % and 36 %respectively in the gross margin per hectare returns after 
conversion to organics for two AgriQuality certified livestock farms. 

All certification agencies require a period of conversion I transition (usually two to three 
years) between starting farming organically and being able to state that produce is "organic". 
In general, produce from the first year of conversion cannot be sold as organic. Produce from 
the second or third year (depending on the certifier) can be sold as 'in transition' to organic, 
and may attract a premium in some markets. It is only after complete conversion that produce 
can be sold as fully organic. 

Many farmers use the pre-conversion period to make changes to their farming systems 
(e.g., improving livestock genetics, altering the cattle: sheep ratio, addressing weed problems) 
prior to starting the formal conversion process. This can significantly simplify the formal part 
of the conversion period and help maintain income and reduce risk. 

There are two approaches to converting a farm. Convert the entire farm from the 
beginning of the conversion process, or convert the farm in parts over several years. There are 
"pros and cons" for each approach. Conversion of the whole farm in one step enables more 
rapid access to organic product premiums and thus increased returns, however, it requires 
more financial reserves to cover a possible drop in income during conversion and is a riskier 
option, especially for farmers who have no organic experience. Progressive conversion is less 
risky in that mistakes and learning take place on a few crops or animals rather than the entire 
farm. As well, the income from the conventional production provides a buffer against any 
drop in income during conversion. However, full access to premium organic prices will be 
delayed. Farm type will also affect conversion strategy. Farms with a range of integrated 
production systems, e.g., mixed livestock and cropping, will generally find it easer to convert 
in one stage. F~rms with a less integrated structure, e.g., solely cropping fa.rms, may find it 
easier to convert on a field by field basis. The benefits of putting land down to pasture during 
the conversion period (compared with cropping) should be carefully considered. 

There are variations between certifiers as to whether they require that the whole farm is 
eventually converted or if only a defined part of the farm can be converted. When only part of 
a farm is converted there can be restrictions on producing the same crops or livestock on both 
the conventional and organic areas, due to the potential for cross-contamination of organic 
products with conventional products. 

It is essential when considering conversion to organic agriculture to contact the 
certification agencies as early as possible to ensure that all rules and regulations are known, 
and also to ensure that the conversion process begins at the correct part of the production 
cycle. It may prove valuable to seek independent advice on the conversion process. All 
certification agencies require a detailed conversion plan and a wide range of information 
about the farm and business (e.g., the number, location and size of fields) to be documented. 

It is also recommended that the producer considers training in organic techniques and 
practices, and speaks with existing organic farmers, to gain as full as possible understanding 
of expected difficulties and issues that may be faced. Specialist organic consultants and 
advisors can also be valuable sources of information. 
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7.5 ORGANIC PRODUCTION SYSTEMS 

7.5.1 Introduction 

This is a brief introduction to organic production systems. It is essential to gain a good 
understanding of organic theory and practice from a range of additional sources. 

Organic agriculture requires a quite different approach to that for conventional farming. 
Organics is not the substitution of organically approved sprays, fertilisers, drenches etc., for 
non-approved products. It requires a good understanding of the biological and ecological 
mechanisms that underpin agricultural ecosystems. Failure to understand and work with these 
systems will lead to problems and even failure. In addition, more intensive and monocultural 
farms generally cannot convert to organics without some diversification and extensification of 
the production system. 

In practice, organic agriculture is based on maintaining a healthy soil and high levels of 
functional agricultural biodiversity on the farm. Soil health is maintained by regular input of 
organic residues in the form of green manures, pasture, composts, and animal dung, and by 
minimising compaction and the amount of cultivation. A continuous protective covering of 
vegetation comprising cash crop, green manure or pasture should be maintained. Cultivation 
should be minimised by the use of equipment that will achieve the desired tilth with the 
minimum number of passes and with the least soil disturbance. Ideally, deep loosening with 
rippers or sub-soilers is combined with shallow mixing with disks or tines to incorporate crop 
residues and to create a seed-bed. Regular inversion of the soil profile by ploughing is 
discouraged due to the negative impacts on earthworms, soil biological activity and organic 
matter levels. Also avoid working the soil in adverse conditions, i.e., when very wet or dry, to 
reduce compaction and loss due to wind-blow. 

Functional agricultural biodiversity is achieved by having a range of different crops and 
livestock in rotation round the farm, and the provision (in field boundaries and non crop 
areas) of a range of plants to encourage insect predators, parasites and parasitoids of the pests 
that attack crops and stock. 

7.5.2 Cropping and Vegetable Production Systems 

7.5.2.1 Crop Rotations 
A good rotation is essential for cropping systems. A balance must be achieved between 
fertility building and exploitative cropping. Weed-susceptible crops should be alternated with 
weed-suppressing crops. A pasture phase, grazed by stock, is very valuable for improving soil 
structure and nutrient levels. Legumes must be included in the rotation for nitrogen fixation. 
Crop legumes on their own are not sufficient, as the net nitrogen accumulation after harvest is 
generally insignificant. Leguminous green manures, and in the pasture phase, clovers and 
lucerne, are essential. 

An example of a mixed cropping rotation includes two to four years of grazed pasture, 
which provides nitrogen, improves soil structure, and reduces cropping pests, diseases and 
weeds. Depending on soil-type, structure and nutrient reserves, the cropping phase can last for 
two to five years. Normally crops that have high nutrient requirements, such as potatoes or 
wheat, are grown first, but root crops should be avoided where a grass-grub problem exists. In 
the following year, crops with medium nutrient requirements such as onions or barley can be 
grown. In the third and succeeding years, crops such as oats which do well when nutrient 
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levels are lower, or peas and beans which can fix their own nitrogen, are good choices. As the 
aim of organic systems is to feed the soil, not the crop, targeting fertiliser applications to 
increase the growth of particular crops is not considered appropriate. The preferred approach 
is to use grazed pasture and green manures to build up nitrogen levels, and to apply other 
nutrients when soil and I or plant analysis indicates that these have dropped below optimum 
levels. Also, as most organically approved fertilisers release their nutrients slowly (often over 
two or more years), targeting applications at specific crops is often ineffective. 

7.5.2.2 Weed, Pest and Disease Control in Crops 
The main challenge in cropping and vegetable systems is weed management. This is achieved 
by a hierarchy of measures, including rotations, optimising soil nutrients and structure, crop 
choice, cultivations, changing sowing and planting practices, machine- and hand-weeding, 
among others. On organic farms, weeds can have benefits, such as increasing the populations 
of beneficial insects. This can occur through the weed providing shelter to the beneficial 
organisms, alternative prey, hosts (i.e., for predators or parasitoids), and pollen and I or 
nectar. The latter can markedly enhance the longevity and fecundity of the natural enemies of 
pests. The aim is therefore to maintain weeds below economic thresholds rather than try to 
eradicate them. The more diverse the rotation, the less likely it is that weeds suited to a 
particular crop have a chance to build up. Plough pans, compaction and unbalanced nutrient 
levels can increase the competitiveness of weeds. Crops vary in their competitiveness with 
weeds and the ease with which they can be weeded, and different cultivars and even mixes of 
cultivars vary in their competitiveness. This variability can be used to improve weed 
management by planting difficult-to-weed crops after crops in which weed management is 
easier. Planting dates can be changed, sowing density increased, and row spacings altered to 
improve weed management. There are a wide variety of weeding machines, ranging from tine 
and spoon weeders for broad-acre crops, to inter-row and intra-row machines for intensive 
row crops. The latter include steerage hoes, basket weeders, brush weeders, finger weeders 
and flame weeders. 

Insect pests can be a problem in organic agriculture, especially on more intensive 
vegetable crops including brassicas, where aphids and caterpillars can be problematic. For 
caterpillars, Bacillus thuringiensis (BT) is highly effective, and for aphids, soft soaps and 
biologically derived pesticides can be used. For glasshouses beneficial insects can be 
purchased. 

Many crop pests and diseases are effectively managed by rotations. It is important to 
understand the life-cycle of any disease or pest that is a problem, and ensure that alternative 
host plants are not used in the rotation or persist as large weed populations. For example, to 
manage 'take-all' disease of wheat, at least one non-cereal crop free of grass weeds (including 
twitch, cocksfoot, rye, fescue, and Kentucky blue grass) is required to ensure breakdown of 
grass root residues on which the fungus lives. For peas, a rotation of about five years will 
manage downy mildew, Ascochyta blight, root rots, and Aphanomyces root rot. The use of 
resistant cultivars, altering sowing dates, changing between autumn- and spring-sown cereals, 
and ensuring good decomposition of crop residues in the field, can also improve pest and 
disease control. The use of certified, vigorous, clean seed is most important to stop the spread 
of seed-borne diseases, and ensure rapid crop establishment. A healthy, biologically active 
soil can reduce soil borne pathogens and root rots, and the addition of compost or good 
quality manure can significantly reduce root rots. Sulphur can be used to manage powdery 
mildew on peas, though late applications will cause crop damage and possibly harvesting 
problems. 
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7.5.3 Livestock Production Systems 

The New Zealand Bio-Gro livestock standards are widely considered to be the closest to 
organic ideals in the world. AgriQuality livestock standards are closer to European and to the 
IFOAM standards. Therefore, there are significant differences between the Bio-Gro and 
AgriQuality standards. 

7.5.3.1 Parasite and Disease Control 
Internal and external parasites, and some diseases, are the key challenges in organic livestock 
production. The use of synthetically produced drenches and other pesticides is prohibited, 
unless there is a clear and proven need for their use. Use of such products will result in the 
loss of certification for a period of time, or permanently, depending on the certifier as well as 
on the type of product used, the animal species, and the final product, e.g., wool or meat. 

Routine or scheduled vaccination is prohibited, unless evidence satisfactory to the certifier 
is produced, showing that the infection is inherent in the property. Extensive and detailed 
records of all treatments, and identification of treated animals, is required. 

Parasites and disease problems are addressed through a range of techniques. Mixed herbal 
pastures, which contain a mix of grass species, clovers, lucerne, chicory and herbs such as 
yarrow, are highly beneficial. The diverse range of plants can provide greater quantities of 
mineral and phytotherapeutic chemicals such as tannins, which can significantly reduce worm 
burdens. Many of the plant species are also highly palatable to stock and can improve general 
stock health. 

The use of 'clean' grazing systems, with their low parasite levels, is essential. This can be 
achieved in a variety of ways. It is advantageous to have a range of different stock types, e.g., 
sheep and cattle, rather than a single species. This allows cross-grazing that can destroy 
species-specific parasites. The grazing of older stock, which have higher worm tolerances, 
after young susceptible stock have grazed, can be useful. Careful choice of paddocks for hay 
and silage is vital for providing pastures with low parasite populations, and including crops in 
the rotation is very effective at reducing parasite levels. 

Genetic resistance to parasites is an important long-term strategy, and increasing numbers 
of breeders are now selecting for this trait. Maintenance of stock health is also critical, and the 
provision of mineral drenches or licks to prevent nutrient deficiencies can be effective. If, 
however, soil and plant testing indicate a general mineral deficiency, approved fertilisers 
should be applied to address the deficiencies rather than supplying them through minerals fed 
to stock. 

There are limits for stocking densities within the standards, based on both stock units and 
the amount of nitrogen added through manure to the field in a year. Lower stock densities, 
and strip grazing using a back-fence, can reduce parasite levels. When an internal parasite 
problem occurs, natural purgatives can be used. Natural drenches, such as cider vinegar and 
garlic, may be useful as a preventative treatment. 

For lice, the use of pyrethrum, dusting sulphur and vegetable oils are allowed. 
For blowfly problems, timely crutching is vital, along with regular stock checks and early 

treatment with approved materials, as described above for lice. Blowfly traps can also help. 
For footrot, zinc sulphate or copper sulphate are allowed. 
For calf scours, oral rehydration with glucose electrolyte solution is effective, in addition 

chalk and fine clay remedies are also permitted. Infected animals should be isolated from the 
mob. 
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For bloat, vegetable oils and paraffin may be used. Bloat can be minimised by restricting 
access to clover-rich or otherwise lush pasture. Bloat is often less of a problem on organic 
farms, and this is considered to be due to the prohibition of synthetic fertilisers. 

Where a potential facial eczema problem is identified through a pasture spore count, zinc 
oxide or zinc sulphate may be used. 

Where navel ill is likely, iodine can be used. 
Mastitis can be treated by homeopathic and naturopathic remedies, or by drying off of 

mildly infected udder quarters. The use of antibiotics should be a last resort, resulting in a 
suspension or loss of certification for that animal. 

The use of hormones, growth promoters and other artificial means of manipulating the 
animal's biology, sucn as syn~hronisation of ovulation by injection, are prohibited. Artificial 
insemination, using semen approved by the appropriate certification agencies, is allowed. 

In all cases where stock are suffering from any disease or parasite burden, it is a 
requirement of organic standards and New Zealand animal welfare laws that the animal must 
be treated. If the only effective treatment is the use of a product that is restricted or prohibited 
by organic standards, the animal will lose its certification status, either for a specified period 
or permanently. Depending on the certification agency, the animals may have to be moved to 
a quarantine paddock for a set period. Failure to treat will result in the loss of the entire farm's 
certification status. 

There are considerable limitations placed on animal mutilations. Dehorning of cattle, 
castration, and tail docking oflambs are allowed within strict age limits, which vary between 
certification agencies. There are restrictions on mulesing of merino sheep, velveting of deer, 
nose-ringing of pigs, and vasectomising teaser bulls. Other mutilations, such as debeaking of 
chickens, are prohibited. 

7.5.3.2 Pasture Pest Control 
Grass-grub can be managed with the biological control product "Invade ™". Avoid sowing 
only rye-grass and clover mixes. Lucerne, chicory and some grasses are less attractive for 
grass-grub, so use more of these in the pasture mix. Porina and grass-grub can also be 
managed by heavy rolling when the soil is moist. Mob stocking in late autumn-early winter 
can cause larval mortalities of 50 - 90 %. Cultivation in spring gives good results by 
destroying the pupae. Where outbreaks occur, oversowing or direct-seeding with less 
attractive grasses and other pasture species can alleviate the damage. 

7.5.3.3 Stock Replacement Policies 
There are a range of restrictions in bringing new stock onto certified farms, with significant 
differences between certifiers. Bio-Gro allow only certified livestock to be brought-in. If non
organic stock are to be brought-in, there are significant limits on the percentage that can be 
introduced, e.g., 10 % for ewes. There is also a range of quarantine requirements, and 
restrictions on the ability for such stock to gain full certification. Exceptions are bobby calves 
up to seven days old, and two-day-old chicks, with a number of provisos. Exceptions may be 
made where there have been large stock losses due to disaster or disease, or where there is a 
major change in the farming system. Bio-Gro will not necessarily recognise AgriQuality 
certified stock as organic, and may require proof that the animals have been kept to Bio-Gro 
standards. AgriQuality generally only requires proof of certification and possibly a copy of 
the audit report; however, under some circumstances it may request more detailed 
information. 

See over page for further information on stock replacement policies 
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AgriQuality requires that brought-in livestock must have been reared organically for 21 
months for horses, related species and bovines, and for at least three quarters of their lifetime 
or a minimum of six months for small ruminants, four months for pigs, three months for 
animals for milk production, ten weeks for poultry for meat production (brought in before 
they are three days old) and six weeks for egg production. Some of these periods will be 
increased in 2003. 

7.5.3.4 Brought-in Feed 
There are restrictions on bringing-in feed, both grains and herbage, from uncertified sources, 
in a similar way to the restrictions on brought-in livestock. Exemptions are given for natural 
disasters, extreme weather, and insufficient supplies of certified feeds. For compound feeds 
there are also detailed requirements for what must be included and what is restricted and 
prohibited. There are also major differences between AgriQuality and Bio-Gro in their feed 
standards. 

7.5.3.5 Fertilisers 
Synthetic, chemically altered, and fossil-fuel-derived fertilisers are prohibited, e.g., 
Superphosphate. Naturally occurring fertilisers such as gypsum, dolomite, feldspar, 
glauconite, rock phosphate (with low cadmium content - less than 90 mg/kg P20 5), limestone, 
some forms of sulphur, rock minerals and dusts are allowed when a need is demonstrated. 
Biological fertilisers, i.e., manures and composts, are allowed, providing they are made on
farm or come from certified sources. There is a range of restrictions and requirements for 
treatment (e.g., 'hot composting' is required, in order that prohibited substances, such as 
synthetic pesticides, are significantly reduced) of organic materials that do not originate from 
certified sources. These requirements vary between certification agencies. Some restricted 
fertilisers can be used to address trace element deficiencies, when a clear need is shown. 
Nitrogen input is restricted to that derived from biological nitrogen fixation (e.g., from clovers 
and other legumes) and that contained in compost and other sources of organic matter. 

Retailers of approved fertilisers and other inputs are changing all the time. It is essential to 
obtain an up-to-date list of approved suppliers from the appropriate certification agency, and 
to check that the supplier has a valid certificate for the product offered for sale. 

7.5.3.6 \AJeed Control in Pastures 
The management of gorse and broom is via mechanical means, such as grubbing and 
mulching. Burning of more than a few isolated plants is likely to cause concern from the 
certification agencies, and is generally considered unproductive, as both gorse and broom 
seedlings thrive after fire. Goats have proved effective for control, especially when combined 
with mulching and grubbing. In special situations, approved organic herbicides may be used 
- check with the appropriate certification agency. 

To manage Californian thistle, the aim is to deplete underground root reserves. To achieve 
this, above-ground plant resources need to be managed over the summer. In pasture, mowing 
or grazing a minimum of three to four times in a season, should lead to full control of 
Californian thistle by the fourth year. Goats like to eat thistles, and are very good at 
controlling them, especially when combined with mowing. Mowing and grazing can also be 
combined with deep ripping I sub-soiling in mid-summer. The ripping needs to be deep 
enough to break the underground root system, killing some of the roots, and inducing others 
to produce shoots. The resultant vigorous flush of shoots has a much reduced food reserve per 
shoot, increasing the effectiveness of subsequent mowing or grazing. Failure to follow sub
soiling with intensive mowing or grazing, can exacerbate the thistle problem. In a cropping 
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situation, fallows with regular cultivation to cut off the shoots, can be used instead of grazing. 
Mid-summer ripping can also be used, followed by regular cultivation or planting quick
growing green manures such as mustard or phacelia. Such crops out-compete the emerging 
thistle shoots, and the mulching and cultivation of the green manure also inhibits thistle 
growth. 

Ragwort management, especially on predominantly cattle-based systems, requires cross
grazing by sheep or goats. Mowing to prevent flowering is only a temporary measure, as the 
plants will regrow. On smaller areas with low infestation levels, hand-removal of the weed 
can be cost-effective. The introduced biological-control agent, the cinnabar moth, is also 
showing signs of promise. In special situations, approved organic herbicides may be used, but 
farmers need to check this with the appropriate certification agency. 

7.5.4 Fruit Production Systems 

Insect pests and fungal diseases are the key challenges in organic fruit production. Cultivar 
choice is important for disease susceptibility, but other factors, such as market demand and 
time of ripening, must be considered. There is a critical need for new disease-resistant fruit 
cultivars, and growth forms that reduce pest and disease problems. For black spot susceptible 
apples, sulphur and copper based sprays can be used, but this is restricted because of negative 
environmental effects and the potential to significantly reduce yields. Plants should be trained, 
and orchards designed, to maximise airflow through the crop to reduce humidity and thus 
reduce fungal disease. Drip I trickle irrigation is preferred over spray irrigation for the same 
reason. 

The introduction of a range of plants, such as buckwheat, broad bean, alyssum, coriander 
or phacelia, provide habitats and food for beneficial insects that manage the populations of 
most pests, and also contribute to disease control. The control of disease can happen in at least 
three ways: 

Over-wintering infected crop debris produce spores the following season, and these 
can infect new growth (e.g., botrytis rot in grapes and apple black spot). Under-storey 
plants overgrow this debris, creating a physical barrier that can obstruct the dispersal 
of spores from the debris to the crop. 
When the plants are mulched and begin to rot, this decomposition process can help 
break down crop residue, and along with this, over-wintering disease spores may also 
be killed. 
Some plants, especially brassicas, produce sulphur-containing root exudates that are 
biologically active and can suppress soil-borne pest and diseases. Plants in the 
brassica group produce more than 20 types of these isothiocyanate compounds, some 
of which are over fifty times more toxic than synthetic soil fumigants. 

Research indicates that some brassicas have the potential to operate in all three of the above 
ways, as well as enhancing biological control of leaf-rollers, by providing pollen and nectar to 
their natural enemies. 

A further advantage is that under-storey plants can compete with the crop for moisture and 
nutrients, thereby reducing the vegetative grown of the vine. This reduces the development of 
broad, dense, moisture-laden canopies, which encourage development of diseases, and I or the 
need for canopy trimming. This is important in most New Zealand vineyards because of 
relatively high rainfall, but is of lesser importance in areas of low rainfall (Central Otago), 
where growers often resort to bare-earth systems. 
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For orchards, under-storey plants can be grown under the trees. For vines, between the 
rows is best. The plants have to be managed to ensure season-long production of flowers. 
Changes to irrigation and tree training are required when grown under trees. In a well
designed organic apple system, only codling moth, leaf-roller, and sometimes scale insects, 
will build up to problem levels. Codling moth can be managed by the use of pheromone 
dispenser twist ties, Bacillus thuringiensis (BT) and codling moth granulosis virus products 
can reduce leaf-roller numbers. Scale is difficult to manage, as effective allowable pesticides 
are likely to kill beneficial insects, possibly leading to outbreaks of other pests. 

Chickens, other fowl and sheep can be used, particularly over winter, for reducing insect 
pest numbers and eating fallen leaves, which are a major source of some fungal infections. 

In 2002, Lincoln University, in conjunction with FruitFed Supplies, produced a "how to'' 
colour brochure that explains the use of flowering plants in orchards and vineyards to 
suppress pests and diseases. It is available from Fruitfed Supplies. 
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7.7 

7. 7.1 

SOURCES OF INFORMATION ABOUT ORGANIC 
PRODUCTION SYSTEMS 

Consultants and Advisers 
(Note: See also Section 7. 7. 4, page G-22) 

Due to the rapidly changing nature of the New Zealand organics industry, it is not possible to 
give a definitive list of organic consultants and advisors. If you need advice on conversion to 
organics and certification, it is vital to get accurate information, as mistakes can be very 
costly and may take a long time to correct. Your certification agency will be able to give you 
some advice when it does not conflict with their role as certifiers, and they can also supply 
lists of accredited consultants and advisers. OPENZ has an on-line directory 
(www.organicsnewzealand.co.nz) which has contact details for a number of consultants and 
advisors, as does Soil & Health and Organic Pathways, see Sections 7. 7. 3 to 7. 7. 5 for details. 

7. 7.2 Education and Research Institutions 

There is an increasing number of education providers and research organisations involved in 
organics, from the home garden to commercial production level. Below is a brief description 
of the key organisations of relevance to commercial organic agriculture (as at 2002). 

7.7.2.1 Education Providers 

Lincoln University 
www.lincoln.ac.nz, 0800 10 60 10 

Certificate in Organic Husbandry - Regional Education 
Postgraduate Diploma, Honours, Masters and PhD 
Kowhai Farm - a commercial organic mixed cropping demonstration and research 
farm run as a joint venture between Lincoln University, Heinz Wattie's Ltd and 
Ravensdown Fertiliser Co-Operative Ltd. 
The Biological Husbandry Unit (BHU) established in 1976. Demonstrating, teaching 
and researching the practice and philosophy of organic horticulture. www.bhu.co.nz 
Biodiversity On Farmland video that can be purchased from Professor Steve Wratten, 
wratten@lincoln.ac.nz, Phone: (03) 325-2811, Fax: (03) 325-3844. 

Bay of Plenty Polytechnic 
www.boppoly.ac.nz, 0800 267 7659 

Introduction to Organic Growing 
National Certificate in Organic Horticulture (Philosophy and Production) 

Christchurch Polytechnic 
www.cpit.ac.nz, 0800 24 24 76 

Certificate in Certified Organic Production 
Certificate in organic growing 

Nelson Marlborough Institute of Technology 
www.nelpoly.ac.nz, 0800 422 733 

National Certificate in Organic Horticulture 
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Northland Polytechnic 
www.northland.ac.nz, 0800 808 856 

National Certificate in Organic Production 

Taruna College 
www.taruna.gen.nz, (06) 877-7174 

One-year Diploma in Biodynamic Agriculture and Horticulture. 

The Open Polytechnic of New Zealand 
www.topnz.ac.nz, 0508 650 200 

Organic Growing 

Unitec 
www.unitec.ac.nz, 0800 10 95 10 

Certificate in Horticultural Skills 
Diploma in Sustainable Horticulture 

Wellington Institute of Technology- Petone 
www.weltec.ac.nz, 0800 935 832 

Certificate in Organic Growing 

7.7.2.2 Research Institutions 

ffgJlesearchLtd 
www.agresearch.cri.nz, (07) 834-6600 

Landcare Research New Zealand Ltd. (Manaaki Whenua - Landcare Research) 
www.landcare.cri.nz, (03) 325-6700 

The Horticulture and Food Research Institute of New Zealand Limited (HortResearch) 
www.hortresearch.co.nz, (06) 356-8080 · 

New Zealand Institute for Crop & Food Research Ltd. (Crop & Food Research) 
www.crop.cri.nz, (03) 325-6400 

7. 7.3 Key Organic Organisations- Contact Details 

Many of these organisations' web-sites have extensive information on organics and also links 
to further information sources: 

AgriQuality New Zealand Ltd 
Address Private Bag 14 946, Panmure, Auckland 
Telephone 0508 00 11 22 
Fax 0508 00 11 33 
Web 
Email 

The New Zealand Biological Producers & Consumers Council Inc. (Bio-Gro) 
Address P.O. Box 9693, Marion Square, Wellington 6031 
Telephone (04) 801-9741 
Fax (04) 801-9742 
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Web 
Email 

www. bio-gro.co.nz 
info@bio-gro.co.nz 

The BioDynamic Farming and Gardening Association in New Zealand Inc. (Demeter) 
Address P.O. Box 39045, Wellington Mail Centre 
Telephone (04) 589-5366 
Fax (04) 589-5365 
Web www.biodynamic.org.nz 
Email biodynamics@clear.net.nz 

The International Federation of Organic Agriculture Movements (/FOAM) 
Address IFOAM Head Office, c/- Okozentrum Imsbach, D-66636 Tho ley-Theley, 

Telephone 
Fax 
Web 
Email 

Germany 
(+49) 6853-919890 
(+49) 6853-919899 
www.ifoam.org 
headoffice@ifoam.org 

Meat New Zealand 
The Meat NZ contact (in late 2002) for organic production is Allan Frazer. 
Address P.O. Box 121, Wellington 6015 
Telephone (04) 473-9150 
Fax (04) 474-0800 
Web www.meatnz.co.nz 
Email allan.frazer@meatnz.co.nz 

The Soil & Health Association of New Zealand Inc. (Soil & Health I OrganicNZ) 
The Soil & Health Association was founded in 1941 to promote sustainable organic 
agricultural practices and principles of good health, based on sound nutrition. It produces a 
bi-monthly magazine, covering a wide range of issues relating to organics and health, with 
a focus on domestic, community and lifestyle food production. 
Address P.O. Box 36-170, Northcote, Auckland 9 
Telephone (09) 419-4536 
Fax (09) 480-4440 
Web www.soil-health.org.nz 
Email info@organicnz.pl.net 

Organic Products Exporters of New Zealand Inc. (OPENZ) 
A network of businesses, research institutions, consultancies and certifying agencies 
which facilitates and co-ordinates the marketing and export of organic products. Has an 
extensive on-line library of both general and academic reports and documents. Has an 
extensive directory of organic industry contacts. 
Address P.O. Box 292, Christchurch 
Telephone (03) 344-4081 
Fax (03) 344-4083 
Web www.organicsnewzealand.org.nz 
Email info@organicsnewzealand.org.nz 

OrganicFarmNZ 
Same contact details as Soil & Health (above) 
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OFANZ (Organic Federation of Aotearoa New Zealand) 
Organic industry 'peak' body: 
Address PO Box 9206, Wellington 
Telephone (06) 364-2231 
Fax (06)364-3107 
Email kebwood@xtra.co.nz 

7.7.4 Other Sources of Information 

As mentioned in Section 7. 7.1 (page G-19) there are a limited, but increasing, number of 
consultants and advisors with sufficient knowledge and experience to give authoritative 
advice on organic agriculture. The first contact for advice must be the appropriate certification 
agency. They are able to give some advice when it does not clash with their certification role, 
and also have lists of consultants and advisors who they consider are able to give sound 
advice on certification and organics. 

The Biological Husbandry Unit (BHU) at Lincoln University runs a wide range of short
courses on all aspects of commercial organic agriculture. 

Sector bodies (e.g., Meat NZ) often have staff members who specialise in organics and I 
or can recommend consultants and advisors. Some companies, such as Heinz Wattie's, give 
advice, often free, on organics as a whole, and detailed advice on organic crops grown for 
them. The OPENZ web-site directory is searchable, and lists the contact details of a range of 
consultants and advisers, as do the Organic Pathways and Soil & Health web-sites. 

Books and Other Printed and On-line Information 
There is still only a limited amount of authoritative, in depth, information on the practice of 
commercial organic agriculture and horticulture. Below is a list of sources that do meet such 
criteria. 

Blake, F. 1994. Organic Farming and Growing, Crowood Press, Swindon. pp., 221. 
ISBN, 1-85223-554-3 

Bowman, G. 1997. Steel in the Field: A Farmer's Guide to Weed Management Tools, 
Sustainable Agriculture Network. pp., 128. ISBN, 1-888626-02-X 

Cornforth, I. 1998. Practical Soil Management, Lincoln University Press with Whitireia 
Publishing and Daphne Brasell Associates. pp., 248. ISBN, 0909049157 

Davies, B., D. Eagle and B. Finney. 1993. Soil Management, 51h ed. Farming Press Books, 
Ipswich. pp., 280. ISBN, 0-85236-238-2 

Lampkin, N. 1994. Organic Farming, Farming Press Books, Ipswich. pp., 715. 
ISBN, 0-85236-191-2 (highly recommended). 

Lampkin, N., M. Measures, et al., Eds. 2002. 2002/3 Organic Farm Management Handbook, 
Aberystwyth, Organic Farming Research Centre, Institute of Rural Studies, University of 
Wales and The Organic Advisory Service, Elm Farm Research Center. pp., 207. 
ISBN, 1-872-064-353 

Merfield, C. N 2000. Organic Weed Control- a Practical Guide. 
www.merfield.com/research!index.htm 

New Zealand Guide to Organics, written by CRI scientists. www.guidetoorganics.com 
OPENZ Online Library. Organic info pack, organic management of weeds, organic pest and 

disease management, and organic soil management. www.organicsnewzealand.org.nz 
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Organic Farming Magazine (previously "New Farmer and Grower"), Soil Association in the 
UK. Dedicated to providing information of practical on-farm use for commercial organic 
farmers and growers. www.soilassociation.org 

Organic Monitor provides strategic research & marketing consulting on the international 
organic food industry. www.organicmonitor.com 

Organic Pathways is a New Zealand organic web portal with organic market and industry 
directory. www.organicpathways.co.nz 

Organic Trade Services is an organic industry portal and 'news feed'. www.organicts.com 
Soil Association Ltd. (UK) www.soilassociation.org 
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Before reading this section, please refer to the 'disclaimer' in the preface of this manual. 
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8.1 

8.1.1 

FARM FORESTRY I AGROFORESTRY 
(Revised by: D. J. Mead, Silviculture Adviser, Golden Bay 

Email: radiataking@hotmail. com) 

Introduction 

There has been, and will continue to be, phenomenal growth ofthe forest industry in New 
Zealand. It makes up about an eighth of our export earnings. In the last 30 years, the total area 
of plantation forests has grown from 0.5 to 1.8 million hectares, and wood production has 
increased from 7 to I8 million cubic metres of logs. Over the same time period, log 
production from native forests dropped from one million cubic metres to 76 000 cubic metres 
(in year 2000) as a result of conservation measures. Yet New Zealand's current production is 
only about I % of world forest products trade, and about 9 % for the Asia Pacific region. 
These trends will continue. In the next decade, the annual cut from New Zealand's plantation 
forests will rival those of regions such as Sweden, Finland and British Columbia, which are 
some of the world's major growers of softwood timber. However, because of our climate, we 
are able to grow trees like radiata pine much more quickly than those other countries and this, 
together with good long-term markets for forest products, makes commercial timber growing 
a profitable business. 

It not surprising that, over the last decade or so, there has been growing interest by New 
Zealand farmers and other small investors in growing trees on farms. About three-quarters of 
all new planting, currently (2002) at about 30 000 to 50 000 hectares per year, is by these 
groups. There has also been growing awareness that trees are valuable for a range of purposes, 
including aesthetics, erosion control, riparian management, and wood-fuel, in addition to 
timber production. Interest in high-value special purpose species and natives has also grown. 

Agroforestry or farm forestry are collective words which cover the integration of trees onto 
farms. This section covers the practical aspects of growing trees for wood production, shelter 
and erosion control. It does not cover amenity or native species in the same depth. 

8.1.2 Planning a Forestry Venture 

Growing trees successfully requires detailed planning. This should not be skimped, as 
decisions are likely to have long-term implications to farm profitability, farm management and 
other values such as landscape and amenity. Planning helps to decide the best path to take and 
assists with staying on course to achieve your objectives. 
The essential features in planning are: 
I. Define, in writing, your objectives for tree planting, taking into consideration how the 

trees will integrate into the overall objectives of the farm. The objectives should often 
be developed in consultation with other family members and advisors. List your 
priorities. 

2. On the basis of a detailed inventory of the farm, develop a long-term strategy for trees 
that ties in with farming objectives and operations. Maps and aerial photos are very 
helpful. Decide on areas requiring shelter, erosion control, amenity plantings, woodlots 
or to be kept as native reserves, and so forth. Are there trees that should be harvested 

H- 3 



at this time? At this planning stage consider landscape values, statutory requirements, 
and overall economics and risks. 

3. Set your priorities for which areas should be planted first. 
4. Develop a short to medium-term plan within budget and other constraints. 
5. Each year draw up a schedule of operations. This will include when to order plants, 

site preparation, fencing, pre-plant weed control, planting, releasing, blanking, pest 
control and pruning or thinning of older stands. 

6. Make annual budgets of both labour and finance. Planting and subsequent silvicultural 
operations can be spread over a number of years. Decide which aspects can be 
undertaken by farm labour and which will need to be contracted out. Outside 
investment may also need to be considered. 

For further information on this process read "Planning a Small Forest" (see Section 8.1.16, 
page H-38). The Agroforestry Estate Model (AEM) developed by Forest Research is a useful 
economic planning tool, and is available through some forestry consultants. 

8.1.3 Implications of the Resource Management Act (RMA) 
(See also Section 12) 

It is important to remember that, like other land uses, forestry comes under the 1991 RMA and 
its amendments of January 2000. There has been wide divergence from region to region how 
local bodies have implemented the Act. Under the amended Act, the focus is now more 
closely on the biophysical environment, and narrows consideration of the human element to 
health, safety, amenity and cultural values. Most local councils have policies to deal with 
forestry that cover these aspects. Thus, the first thing to do is to check with your local council. 

The revised Act allows applicants to choose whether their application is to be processed by 
the council or a private consent processor, or for contentious applications, be referred directly 
to the environment court. Applicants and those opposing applications are able to choose 
whether the council or an independent commissioner will hear the case and make a decision. 

Under the RMA, district councils often require landowners proposing to plant or harvest a 
forest to apply for resource consent. However, there is a wide variation and many councils 
view tree planting as a permitted activity. If it is a discretionary activity there are likely to be 
rules to follow. The major aspects considered are usually potential adverse effects on 
conservation, landscape values, water yield and natural spread of plantation species. Public 
notification, submissions and a formal hearing may be required for resource consent. 

Where a resource consent is required, applicants should try and obtain consent for the 
whole project, rather than a single woodlot or shelterbelt. Aim to show how the trees are 
integrated over the whole property (or perhaps a wider area). Have full consultation with all 
parties likely to be affected by the proposal, as this could reduce the number of objections. 
Obtain written consent from neighbours. If planting close to Department of Conservation land 
then they should be consulted. Depending on critical environmental and other factors, there 
may be a need for input from experts such as hydrologists, landscape architects, archaeologists 
or ecologists. 
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8.1.4 Forest Certification 

The purpose of forest certification is to be able to show that your forest is being managed and 
harvested in an environmentally sensitive and sustainable manner. Certification has arisen 
through the 'green' movement in developed countries, in response to consumer demand that 
wood products should not come from unsustainable, exploitive logging of forests. Thus it is 
being market driven. Under the Forest Stewardship Council (FSC) system it includes giving 
consumers a written certificate, from a third party, which guarantees the products come from 
well-managed forests. There are other systems available, but FSC certification has been 
achieved by many large companies in New Zealand and has recently become available 
through group schemes to small growers. 

There are two basic reasons for considering certification by small growers. First there are 
marketing advantages. Studies have shown that consumers in developed countries are often 
willing to pay a premium for certified products, although at this time this has yet to translate 
back to a long-term premium for the New Zealand certified grower. It is also argued that it 
would be a strong marketing advantage when selling on a difficult market. The second reason 
is that some growers may be seeking the reassurance of an independent party that their forest 
management meets international environmental standards. 

Certification is costly, although reduced to 20-25% under a group scheme, and so may not 
be suitable for very small growers such as those with a single woodlot or a few shelterbelts. 
However, it should be considered where there are sizeable farm forestry programmes. 
Currently (2002) the FSC group scheme is available only for plantations, although it is likely 
to be extended to native forests. Costs of typical group schemes for up to 100 ha, are $2000 
(which includes the initial audit, joining fees and manuals) plus an annual fee of $500 per 
year. At harvesting there is an additional fee of 50 cents per tonne. For stocked areas over 
100 ha there is an additional $5 per additional planted hectare for the initial and annual fees. 
FSC certification would require: 

Commitment to the principles and criteria ofFSC. These include management of 
indigenous remnants and streams, management of rare native species and social issues. 
Consultation with forest-level stakeholders and others including neighbours, workers, 
local Iwi, Department of Conservation, Regional Councils, Rural Fire Authority, etc. 
A detailed forest management plan. 
Maintain operational control to minimise environmental, social and economic risk. 
Documentation and filing of all required information. 

Further information on FSC can be found at: www.fscoax.org 

8.1.5 Forestry Site and Species Selection 

Site Selection 
(See also Section 8.1.6, over page) 
Key points to consider in site selection for trees are: 
1. Purpose of planting, e.g., retirement income, timber, fencing material, erosion control, 

shelter, firewood, amenity. 
2. Size, location and topography of the site, as these strongly affect access, transport and 

harvesting costs. Small blocks (less than five hectares) and steep country carry high fixed 
harvesting costs- see Section 8.1.15, page H-36) 
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3. Landscape impacts. 
4. Site factors, e.g., climate, microclimate, soil, altitude, topography and present vegetation 

cover (see Section 8.1. 6, below). 
5. Restrictions on forestry under district schemes (resource consents), or from easements on 

the land for water supply, power, telephones or right of way. 
6. Boundary planting constraints - consult with neighbours and the local council. 
7. Riparian plantings of production species may have restrictions on harvesting. 

Species selection 
Species selection will take into account the first four factors (above), of which 4. is very 
important, plus: 
8. Future market demand for produce (if important to owner). 
9. Availability and cost of high quality tree stocks. 
10. Requirements for additional or specialised silvicultural practices. 
11. Rotation length. 
12. Aesthetic values. 
13. Potential as a weed species in that location (e.g., silver poplar, sycamore, lodgepole pine). 

Note: Refer to Section 8.1. 8, page H -10 for characteristics of tree varieties. Other publications 
are given in Section 8.1.16 (page H-38); Mortimer and Mortimer (1984) covers a wide range 
of species. Local Farm Forestry Association branches and forestry consultants can also give 
practical advice for the region. 

8.1.6 Site Factors 

The suitability of land for tree and forest planting depends on main site factors such as 
climate, and on smaller scale features such as soil type, soil properties, aspect and current 
vegetation. These will influence species choice and management practices. Soil and Land Use 
Capability maps are available from Landcare Research NZ Ltd. 

Climate 
Temperature, rainfall and wind are the main constraints. When considering climatic factors, 
look at the long-term records for extreme events such as extreme droughts, frosts (including 
possible out-of season frosts), winds and snow. Loss of trees at mid-rotation can be very 
distressing. Also watch out for frost flats as these restrict possible species and need special 
treatment. The seasonal rainfall and drought patterns are useful to know. 

Pinus radiata will grow at lower altitudes throughout most of New Zealand, but is 
damaged by heavy snowfalls and severe winds. Douglas-fir, redwood, many of the eucalypts 
grown for timber production, Cupressus lusitanica, most poplars, and black walnut prefer at 
least 750 mm rainfall for reasonable growth. Some eucalypts are more drought-tolerant than 
others. Douglas-fir is more wind-firm and sheds snow better than radiata pine, but is more 
susceptible to frost once it has flushed in the spring. Eucalypts are also more susceptible to 
out-of-season frosts, so in colder districts they are better grown on hill slopes where there is 
good air drainage. For inland South Island areas, or higher elevations in the North Island with 
a severe climate, Douglas-fir, Larch, Pinus nigra, and Pinus ponderosa are more suitable. 
Black walnut and Australian blackwood need sheltered sites for timber production. 
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Most species are harmed by salt-laden winds, but Pinus radiata, Cupressus macrocarpa, 
and Eucalyptus botryoides are tolerant. 

For wind-break planning, the direction of damaging winds or gales, which may be 
different from prevailing winds, is important information (see Section 8.2.1, page H-40). 

Aspect and Altitude 
Northerly aspects are often warmer and dryer than those facing the south. Growth is often 
better on northerly slopes where there is good rainfall, southerly slopes may be preferred in 
drought-prone climates. Westerly aspects are likely to be more exposed as strong westerly or 
north-west winds are common in many parts of New Zealand. Ridge sites are usually more 
exposed, dryer and have shallower soils. 

Soil depth and moisture often increase lower down slopes, and tree growth usually 
improves. Flats and terraces often have deep soils, but drainage and fertility vary widely round 
the country and they sometimes are frostier. Sheltered valleys and other local topographic 
variations often alter broad climatic patterns. 

Radiata pine will grow well up to 700 metres in the central North Island, to 600 min 
Canterbury and 500 min Southland. Douglas-fir and Pinus nigra will often do better on 
colder or more exposed sites (to over 800 in in the South Island). In the South Island, 
Douglas-fir is often preferred over radiata pine on colder southerly slopes or where snow 
accumulates. Most other common species grown for timber production are more suited to 
lowland sites, but there are exceptions. 

Soils 
Most species prefer deep, well-drained, soils of reasonable fertility. Physical condition is more 
important than nutrient content. Poor drainage will limit the growth of many species (e.g., 
Douglas-fir and redwoods) but can sometimes be remedied. A hard pan can be overcome by 
ripping the soil. Many varieties of poplar (e.g., Kawa, Toa and Eridano) will grow in wet 
soils; others are more adapted to dryer sites (e.g., Veronese, Tasman, Argyle and Dudley). 
Generally they require reasonable fertility. Pines, cypresses and cedars will tolerate dryer soils, 
although this may reduce their growth. Black walnut, redwood and some other hardwoods 
must have deep, well-drained, soils. Eucalypts are more sensitive to variations in fertility than 
pines, although some tolerate low phosphate or saline soils. 

Fertiliser 
(See also Section 8.1.11.4, page H-25) 
Large quantities of fertiliser are not generally needed on developed farms for satisfactory tree 
growth, but may be required on some infertile soils, particularly in Northland, Nelson and 
Westland. Fertiliser will be required where the topsoil has been lost. Furthermore, eucalypts, 
and more nutrient-demanding hardwoods like black walnut, often appreciate nitrogen or 
nitrogen and phosphate fertiliser at planting. Boron deficiency is widespread in many parts of 
the South Island and should be corrected, as it leads to tree malformation. 

Choose a species known to perform well on your soil types. A soil test for phosphate 
availability is available through the New Zealand Forest Research Institute Ltd. in Rotorua, 
and nutrient testing of foliage from established stands is recommended. 

Vegetative Cover 
This can influence species choice and subsequent management. If rapid regrowth of weeds 
will occur, a faster growing species can compete better, e.g., radiata pine compared to 
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Douglas-fir on a gorse-infested site. Herbicides can be applied at a light rate over radiata pine 
for releasing from gorse and broom, but not over eucalypts. Control of gorse, broom and other 
difficult weeds are best undertaken before planting. Gorse-infested stands can be an expensive 
and unattractive proposition for tending. 

Underplanting tall scrub such as manuka is an option often used for species like 
blackwoods and some eucalypts and shade-tolerant natives. Groups of three to five trees are 
planted in gaps (light-wells) made at about ten metre centres. See also Section 8.1.11. 6. 

8.1.7 Growth Rates and Yields of Trees 

Radiata-Pine Growth Rates 
-A Comparison of New Zealand Sites I Districts 

The Site Index for a district gives a measure of the relative productivity of a site for growing 
trees. It is defined as the mean top height of radiata pine at age 20. 

Radiata pine is a fast-growing tree. Most other species, apart from some eucalypts, have 
slower height growth. Furthermore, their optimum sites are likely to be different from radiata 
pine. 

Site I District Description 
High altitude stands in the arid parts of South Island; poorer soils 
on the Canterbury plains and places subject to strong winds; salt
affected strips along the ocean foreshore; very nutrient-deficient 
sites. 

Canterbury plains and lower foothills; Marlborough Sounds; some 
better sites in inland Otago. 

Southland (excluding inland Otago); Canterbury hill country; 
Kaingaroa plains above 600 metres; coastal sands in the Manawatu 
and Canterbury. 

Central Marlborough; Nelson and foothills (fertiliser applied 
where appropriate); inland Manawatu; Wairarapa; South Auckland 
above 370 metres. 

Northland, Auckland and Coromandel coastal sands and Auckland 
clays (fertiliser applied where appropriate); coastal sands in Bay of 
Plenty (Matakana). Medium sites on Banks Peninsula. 

South Auckland sites below 370m; Hawkes Bay below 
500 m; Taranaki, Rotorua-Taupo area below 500 m. 

Northern boundary area ofKaingaroa Forest; Bay of Plenty 
coastal plains; Gisbome hill country below 500 m. Good Banks 
Peninsula sites. 

Site Index (m) 
20 or less 

22 

24 

26 

28 

30 

32 or higher 

What do these indices mean in terms of expected volumes and management? The actual 
volume that will be recovered (harvested) depends on the growth rate as indicated by the site 
index, the length of the rotation and the way the stand is managed. Thus at age 30 years, 
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average recoverable stand volumes can be as low as 370 cubic metres per hectare in 
Canterbury, to 600 cubic metres per hectare or more, in many areas of the North Island. 
Weighted recovered volumes over all New Zealand average 442, 580 and 705 cubic metres 
per hectare at rotation ages 25, 30 and 35 years, respectively. Of all the management factors, 
final crop stocking will usually be the most important. Green-crown pruning will have only a 
temporary effect on growth rate, and initial planting density and timing of thinning, unless 
considerably delayed, will have relatively small effects. Site preparation, weed control and 
fertiliser applications often have important short-term effects on growth rate and final 
productivity, although on some sites they can have major effects. A good example of the latter 
is the huge, long-lasting responses to fertiliser on very phosphate-deficient sites. 

In addition, it is also very important to know about the quality of the timber being grown. 
Typically, a mature stand of well managed and pruned radiata pine will produce, by volume, 
about 24 % as pruned logs, 61 % as unpruned logs and 10 % as pulp logs, plus a little waste. 
On the domestic market, these different log types for radiata pine have, respectively, averaged 
about (up until2002) $130 to $165, $65 to $100, and $40 per tonne at the mill door. Thus, 
about 60% of the value is in the pruned material, with the unpruned and pulp logs being 
worth about 38.5 % and 1.5 %respectively. The actual returns to the grower will also depend 
on harvesting and transport costs. Domestic and export log prices are regularly published, and 
are available through the Ministry of Agriculture and Forestry (see Section 8.1.15, page H-36, 
for more details on log grades and their relative value). 

Other Tree Species 
As Douglas fir has slower early growth rates, and is grown on longer rotations than radiata 
pine, the site index is measured as the mean top height at age 40 years. A typical thinned stand 
at age 60 years would have a volume of 800 to 900 cubic metres per hectare; however, 
volumes much higher than this have been recorded. 

Eucalypt yields vary considerably. However, indicative figures for a mature managed stand 
are about 200 cubic metres per hectare of pruned butt logs, and an equal quantity ofunpruned 
logs. Some chip or firewood logs could be obtained as well. 

Blackwood yields on a 30 to 40 year rotation will much lower that the species discussed 
above. Typical yields will be 70 to 85 cubic metres per hectare for pruned butlogs, with a 
similar volume ofunpruned logs, and a considerable amount of firewood (40 to 70 cubic 
metres per hectare). Yields of poplars on 25 year rotations are likely to be intermediate 
between blackwood and eucalypts. 

Because of the complex of factors involved, foresters commonly employ computer
modelling techniques, such as ST ANDP AK from the Forest Research, to predict the outcome 
of their planting or silvicultural programmes. Such evaluations can be tailor-made for 
individual sites or stands, and there are other models that will also allow predictions for whole 
forests or regions. Current models also include Douglas-fir, some eucalypts and cypresses. 

Individuals can best access these facilities through forestry consultants. For more details 
on modelling, see Maclaren 2000a or Hammond 1995 - see Section 8.1.16, page H-38. 
Maclaren 2000a also presents typical (not site-specific) volume information for radiata pine. 
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8.1.8 Characteristics of Tree Varieties 
(See also Section 8.1. 7, page H-8) 

Species Site Requirements Natural 
Durability 

Radiata pine Will tolerate most sites Non-durable. 
Pinus radiata except poorly drained 

or high altitude. 

Corsican pine Will tolerate colder and Non-durable. 
Pinus nigra wetter sites than radiata. 

Bishop pine Similar to radiata, but Non-durable. 
Pinus muricata more resistant to snow 
(blue strain) because of stiffer 

branching habit, and 
shows similar growth at 
higher altitudes. 

Wood Characteristics Uses General 

Easily treated. Moderate Posts, poles, The primary general 
strength and density. buildings timber- purpose timber in New 
Sawing, seasoning, framing, boards, Zealand. 
machining, painting and laminated beams, 
staining properties very plywood, veneers, 
good. furniture. Pulp 

and paper. 

Similar to radiata. Suitable Mainly posts and Much slower growth 
for round produce because poles. Little than radiata. More 
of fine branches and planted now susceptible to pine 
regular form. except where needle blight. (Not in 

conditions could Canterbury). 
be too severe for 
radiata. 

Similar to radiata. Similar to radiata. An alternative to radiata 
in heavy swamp areas. 



Species Site Requirements Natural Wood Characteristics Uses General 
Durability 

Douglas-fir Prefers a moist, cool Can be used Difficult to treat. Cannot Framing and A valuable timber 
site, requires 750 mm untreated in be treated by ordinary construction because of high strength 
annual rainfall, evenly most low- pressure treatment. Strong. timber, and the fact that it can 
distributed, for good hazard Does not machine or take particularly where be used untreated for 
growth. More intolerant situations, i.e., paint well. high strength is many purposes, 1.e., 
of wet ground than protected from required, provided because most of the 
pines. Does not stand the weather. knots are small. wood is heartwood and 
coastal conditions. this is immune to attack 
Windfirm. Not suitable by common house 
for northern North borer. 
Island. Will stand snow 
well, but can be badly 
damaged by out-of-
season frosts, so is 
better with good air 
drainage. 

Macrocarpa Will tolerate a wide Heart is Treatment as for Douglas Framing, flooring, A valuable general 
Cupressus range of sites, but likes moderately fir. Good strength, density. weather-boards, purpose timber. 
macrocarpa a reasonably fertile, durable. Good sawing, seasoning, joinery, turnery, Variable in form so 

moist (but not wet) site, machining and painting boat-building, requires careful 
for good growth. properties, stable. High furniture. General selection of seed 
Tolerates coastal proportion of heart. Low purpose farm source. New selections 
conditions. impact resistance. timber. are now available. 



Species Site Requirements Natural Wood Characteristics Uses General 
Durability 

Mexican cypress Warmer sites, away Similar to Similar to macrocarpa. All-round Similar to macrocarpa, 
C. lusitanica from the sea. macrocarpa. building timber. for warm climates. 

Moderately fertile and Joinery and 
well drained. Requires turnery. 
rainfall greater than 750 
mm for good growth. 

Redwood Fussy. Sheltered sites. Heartwood is Light, stable, and shrinks Panelling and Being promoted as a 
Sequioa Rainfall > 1000 mm. moderately little. Warm red colour. exterior cladding specialist timber. Care 
sempervirens Deep, well-drained soils durable. Not a strong timber. Easily and outdoor with seed source, 

(gullies). worked. furniture. selected clones are best. 
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Eucalyptus Species: Ash Group 

Site Requirements 

Alpine ash Cool climate, 1000 mm 
E. delegatensis rainfall. Will grow in 

warmer, drier climate, 
but prone to later 
failure. One of the 
hardiest eucalypts. 

Mountain ash Cool, moist climate 
E. regnans with good cold air 

drainage, 750 mm 
rainfall. 

Messmate Similar to E. regnans 
Stringy bark but slightly less frost-
E. obliqua hardy and will tolerate 

somewhat drier sites 
and tight clay soils. 

Natural 
Durability 

Non-durable. 
Difficult to 
treat. 

Non-durable. 
Difficult to 
treat. 

Heartwood 
moderately 
durable. 

Wood Characteristics Uses General 

Light, strong, pale Veneers, Suitable for inland areas 
coloured. Prone to decorative where climate too 
warping, and to collapse panelling, severe for E. regnans. 
when drying. Growth furniture, turnery, 
stresses are particularly joinery. Short-
severe in logs less than 40 fibred pulp. 
em in diameter. 
Difficulties can be 
overcome by quarter-
sawing of large logs and 
by steam reconditioning. 

Similar to E. delegatenisis, The most desirable ash-
and also prone to internal type eucalypt. 
cracks which limit its use. 

As for other ash An alternative where 
eucalyptus, but darker in rainfall is a little low, or 
colour. Because ofhigher soil unsuitable for 
density is somewhat less E. regnans. 
prone to collapse. 



Eucalyptus Species: Gum Group 

Site Requirements Natural Wood Characteristics Uses General 
Durability 

Sydney blue gum Warmer North Island Moderately Tough, strong, hard- General building The best eucalypt for 
E. saligna and northern South durable. wearing. Reddish-brown. and farm use warmer climates. 

Island districts, 750 mm Sawing and seasoning including 
rainfall. difficulties as for ash furniture, 

group. panelling. 

Shining gum Will tolerate rainfall Non-durable. The lightest coloured Veneers. High Very rapid growth on 
E. nitens down to 600 mm, but Difficult to eucalypt. Some collapse quality furniture good sites. Insect attack 

for maximum growth treat. problems - quarter sawing and joinery. now controlled with 
800 mm + is required. and steaming will remove Excellent short- parasite. Will make a 
Prefers strong clay most checks. Will stain fibred pulp. good shelter tree. 
soils, not light sandy and finish very well. 
types. 

Southern Similar to E. saligna. Durable. As for E. saligna. As for E. saligna. Growth and form is 
mahogany Will tolerate wetter similar to E. saligna. 
E. botryoides soils and coastal 

conditions. 



Species Site Requirements Natural Wood Characteristics Uses General 
Durability 

Black walnut Sheltered; fertile, deep Very durable. Valuable light to dark- Furniture, turning, Difficult to grow good 
Juglans nigra soils with good brown decorative wood, veneers, gun stand. Very site-

moisture. Moderate strongly figured medium stocks. Carving, sensitive. 
rainfall 1000 - 1500 texture, easily worked, cabinet work. 
mm. difficult to dry. 

Blackwood Sheltered sites. Moderately Valuable decorative wood, Furniture, turning, Requires good side 
Acacia Tolerates wide range of durable. easily worked, easily dried. carving, joinery, shelter, difficult to 
melanoxylon sites. Colours red/brown - panelling, boat maintain form. 

gold/black. building. 

Poplar Prefers fertile sites; Poor. Light, often pale wood. Erosion control, Markets not yet 
Populus sp. tolerates wet sites. Difficult to season. light structural developed. Easy to 

Treatable. Good fibreboard use, plywood, grow; many cultivars 
and pulp. Low density, boxes, joinery. with particular traits 
even texture. Non-tainting, Fodder, shelter. are available from 
tough, bad tension wood; HortResearch. 
susceptible to fungi. 



8.1.9 Environmental Issues 

8.1.9.1 Landscape Planning 
A design process, that includes landscape, will enhance the living and ecological environment 
of the property and add value to it. Trees and forests have large visual impacts while adding 
biodiversity and can, if carefully planned, also add ecological resilience to the land. The basic 
structure of the landscape is defined by topography and geology, and forest planting should be 
in sympathy with it. Roads, farm tracks and harvesting also need to be considered as they also 
can have large impacts; careful thought can minimise adverse effects and lead to overall 
harmony without interfering with production. 

The key design principles are: 
Naturalness 
This is enhanced by: 

Considering ecological factors so that the species selected are suited to the area. For 
example, some species are naturally associated with wetter gullies. 
A voiding straight lines on steeper areas. In some landscapes, such as the Canterbury 
plains, straight lines are seen as a positive feature that emphasises the man-made 
nature of the landscape. 
Planting to emphasise landform. 
Soften forest edges. 
Pay close attention to the sky-line. 

Coherence 
Strengthened by linking plantings, use of longer rotation species in selected areas, 
integration with native remnant blocks, and co-ordination with neighbours. A void an 
arbitrary patchwork. The overall farm and homestead plantings need to be integrated. 

Diversity and Mystery 
Diversity adds interest to the landscape, although care is needed not to overdo this aspect. 
Mystery adds curiosity, interest and discovery, and can be provoked by controlling visual 
scenes or enclosures. Emphasising views is often important close to the house. 

See also Mortimer and Mortimer (1984) and Mead, Millner and Smail (1999)- see Section 
8.1.16, page H-38. 

8.1.9.2 Trees for Erosion Control 
Trees are one of the main techniques available for erosion control. During cyclone Bola, few 
landslides occurred on areas of indigenous forest on the steep hills of the East Coast of the 
North Island, whereas pasture land was greatly affected by landslides. Exotic pines of eight 
years of age were as effective as indigenous forest; regenerating scrub and younger pines were 
less effective. 

Landslide risk increases with increasing slope, and tree planting is often the best practice 
on susceptible areas. For small active slumps or slips, plant poplar poles at 400 to 800 stems 
per hectare. Where the topsoil has gone, as with gully erosion, plant poplars, perhaps willows 
and I or nitrogen-fixing trees such as alders, robinia or wattles. Such eroded areas should be 
fenced off from stock. Away from the immediate problem area, tree spacing can be wider, 
with 10-12 metres between trees. Sleeves can be used to protect the trees from stock. 

Trees are often planted along waterways and around other water bodies to control or 
prevent edge erosion, and to reduce pollution of them from nutrients, pathogens, soil 
movement from cultivated fields into the waterway, and to ensure that they are less subject to 
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fluctuating temperatures. They may also add to biodiversity and landscape values. Prevention 
is generally easier than curing stream-side erosion, and trees are effective so long as the 
stream is not undercutting the main roots .. It is very important to fence off these riparian strips 
from grazing animals. Often willows are planted along the stream as they produce a dense, 
extensive root mat. Behind this, at the base of the slope, taller growing willows and poplars 
can be planted at 400 - 800 stems per hectare. Both poplars and willows can be planted as 
I - 3 metre long poles; large 3 - 4 m poles are best where there are cattle. The smaller poles, 
e.g., two metres long, are planted to a depth of 40 - 50 em, and large poles are planted to a 
depth of 60 - 70 em. Poles are planted by digging, drilling, or on soft ground, by ramming. A 
wide range of other species can be used, such as alders, eucalypts, coastal redwood or native 
trees. Weed control is important. 

Shelterbelts of trees are also used to reduce wind erosion. This subject is discussed in 
Section 8.2, page H-40. 

8.1.9.3 Indigenous Forestry Remnants and Plantings 
Bush remnants are often valuable for conservation, wildlife (biodiversity), water yield and 
quality and aesthetics. They can also be a direct source of revenue through provision of 
timber, firewood, honey, seed, foliage, and ecotourism. About 20 %, or 1.3 million hectares, 
of natural forest in New Zealand is privately owned. Almost half of this has some potential for 
management for sustainable wood production. 

The 1993 Forest Amendment Act regulates the management of native forest to ensure 
sustainability. Permission to harvest must be obtained from the Ministry of Agriculture and 
Forestry. There are three levels of cutting and management allowed. Landowners may harvest 
up to 50 cubic metres ofroundwood every ten year period for personal use (not sold). 
Approval requires only basic information from a landowner, but can take four to six weeks to 
approve. A sustainable forest management permit allows harvesting over ten years, of up to 
250 cubic metres ofpodocarps or kauri (Agathis australis), or shade-tolerant hardwoods like 
tawa (Beilschmiedia tawa), and 500 cubic metres of beech (Nothofagus spp.) or other light
demanding hardwoods, provided this does not exceed ten percent of standing volume on the 
landholding. It requires logging plans, plus ensuring regeneration occurs, and cannot be 
renewed for ten years. The requirements for these permits are more rigorous and usually take 
three to six months for approval. Permits are registered against the title. For larger operations 
and areas, sustainable management plans are required. These allow annual harvesting at rates 
that are sustainable in the long-term, and so the plans run fifty years. Such plans are more 
complex to prepare, and cover not only a detailed inventory, but also regeneration plans, 
maintenance of soil and water values and protection of flora and fauna. There are restrictions 
on the size of stand openings that can be made. Such plans typically take six to twelve months 
to be approved by the Ministry of Agriculture and Forestry's Indigenous Forestry Unit. They 
are also registered against the title. For all of these options, the Department of Conservation is 
asked to comment on conservation/ecological issues. 

Landowners are also able to extract and mill salvaged wind-thrown, standing dead or 
access-way trees. This timber can be sold. Approval is needed and takes up to two weeks to 
process. 

The main aim of conservation management should be to create a healthy, productive and 
self-sustaining forest ecosystem. In many native forest remnants, this will require replenishing 
genetic, species and habitat diversity. Many forest remnants have deteriorated, or are 
deteriorating, because of a lack of management. Weeds, pests, stock and exposure to wind are 
the main problems. The following management may be required (see over page): 
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Fencing to exclude stock - stock will prevent regeneration. Recovery can often be rapid. 
Control of other introduced animals, such as 'possums, goats and deer. 
Control of weeds such as old man's beard, gorse and broom. 
Shelter plantings to reduce wind and light at the forest edge. 
Activities that enhance regeneration, or planting natives from local seed sources, may 
be needed where the objective is to restore the forest. 
Fire protection. 

The type, extent and intensity of conservation management will depend on the following 
factors: 

The current ecological health. 
Threats to the integrity of the ecosystem by pests, erosion, etc. 
The natural regeneration ability. 
Specific management objectives. 
Costs. 

There are four widely used indicators of poor forest health- the lack of bird life, particularly 
the kereru (pigeon); lack of regeneration; stressed trees and browsing by pests such as 
possums, deer or livestock. 

Following an assessment of the remnant(s) or forest, it is advisable to develop a 
management plan that specifies management objectives and that is feasible. 

Perpetual protection of native forest is available through a Queen Elizabeth II National 
Trust Open Space Covenant; through a Conservation Covenant administered by the 
Department of Conservation or a local authority; or through the Department of Conservation 
under the Reserves Act 1997. Heritage covenants are available to protect historic and cultural 
sites through the New Zealand Historic Places Trust. 

Some local bodies give rate remissions to owners who voluntarily protect their forest for 
conservation purposes. The Department of Conservation, Historic Places Trust and Queen 
Elizabeth II National Trust may provide some funding to covenant holders to assist in their 
protection. There are two government funds- the Forest Heritage Fund and Nga Whenua 
Rahui (for Maori landowners)- available to help protect important indigenous forests. 
Information on these latter funds is available through the Department of Conservation. 

Native forests can also be created by planting either on open areas or by enriching manuka, 
kanuka and gorse scrub with the more shade tolerant species. The same establishment 
principles apply to those described in Sections 8.1.1 0 (page H-20) and 8.1.11 (page H-24), and 
more specific details can be found in Porteous (1993)- see Section 8.1.16, page H-38. Sawlog 
rotations will be much longer than most exotic timber species. The main potential timber 
species, their site requirements and rotation length are: 

'P 

Kauri (Agathis australis). Warm coastal sites from Northland to Kapiti. Rotation 150 
years where heartwood is required. 
Red and black beech (Nothofagus spp. ). Prefer fertile soils, especially red beech. 
Rotations of 50 to 70+ years. 
Puriri (Vitex lucens). Warm, frost-free, coastal lowland sites. Rotation probably over 
60 years. 
Totara (Podocarpus totara). Tolerant of drier sites but must be well drained. Rotation 
80 to 100 years. 
Rimu (Dacrydium cupressinum). Wide range of sites, provided not exposed or 
droughty. Minimum rotation 100 years. 
Rewarewa (Knightia excelsa). Prefers free-draining, fertile sheltered sites. Rotation 
probably 80 years. 
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Other species with some timber potential are silver beech (Nothofagus menziesii), kahikatea 
(Dacrycarpus dacrydiodes), tanekaha (Phyllocladus trichomanoides), kohekohe (Dysoxylum 
spectabile), pohutukawa (Metrosideros excelsa) and mangeao (Litsea calicaris). 

For example, totara, which is one of the easiest native species to establish, is sold as either 
bare-rooted or container stock. Large trees of 50 - 80 em tall are recommended for weedy 
sites. They can be planted in groups of three to five trees in canopy gaps in degraded or cut
over forest. Group or line planting can also be used in scrub areas, and aim for a stocking of 
about 600 stems per hectare. Maintenance of the canopy gaps is important, as totara is a light
demanding species. On open sites, to tara needs to be planted at a higher density (at least 1000 
stems per hectare) in order to maintain tree form. Another alternative is to establish a nurse 
species, such as kanuka (Kunzea ericoides) or the short-lived tagasaste (Chamaecytisus 
palmensis), three to five years prior to planting. This will ensure better tree form so the totara 
can be planted at a lower density, as with natural scrub. These pure stands oftotara would 
need to be thinned at about age 20 years; pruning may also be undertaken. 

Sometimes farmers have second-rotation thickets of native trees that they may wish to 
manage for timber production. There has been considerable research on managing beech and 
kauri, but less work on managing the podocarps, such as totara and kahikatea. Beech is known 
to respond well to both thinning and pruning, but it is generally best to undertake these 
operations before they are tall pole stands that can be subject to wind damage if opened up 
suddenly. 

More information on natural forest management may be obtained from the Ministry of 
Agriculture and Forestry's Indigenous Forestry Unit, PO Box 25022, Christchurch; the 
indigenous forest section of the New Zealand Farm Forestry Association, and the Department 
of Conservation. Details of the ecology of the main indigenous species and their management 
can be found in "Indigenous Forestry- Sustainable Management", written by Ministry of 
Forestry and NZ Farm Forestry Association. Hammond (1995) also contains some reading 
material- see Section 8.1.16, page H-38. 

8.1.9.4 Trees and Global Warming 
The issues of global warming, the "greenhouse effect" associated with increasing carbon 
dioxide and other greenhouse gasses, the role of afforestation, and the possibilities of carbon 
trading, are very complex and controversial. This discussion can only highlight a few aspects, 
so those requiring a more detailed background should begin by reading Maclaren (2000b ), 
FAO (2001), or looking on the web (www- see Section 8.1.16, page H-38). At the time of 
writing (January 2002) the Government has yet to ratify the Kyoto Protocols and carbon 
trading has yet to be instituted in New Zealand. 

It is clear that carbon dioxide levels have been rising, and this appears to be associated 
with the increasing use of fossil fuels, and with land management changes, including 
deforestation. Global deforestation may have accounted for about a third of the rise. It has 
been estimated that worldwide plantations have the potential for offsetting 15 % of emissions. 
There is some evidence that, since the late nineteenth century, there may have been increases 
in temperature (although this is still controversial), a rise of sea level and a retreat of glaciers. 
New Zealand has to be mindful that methane and nitrous oxide (by-products of agriculture), 
are also very important greenhouse gasses. 

The Kyoto Protocol provides for an undertaking of industrialised countries to control their 
emissions of greenhouse gases. It is not yet (2002) in force. New Zealand has seen that one 
way we can do this is through afforestation. The essential concept here is that, as the size of 
the forest estate increases, there will be an increase in vegetation biomass, and this will 
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remove carbon dioxide from the air. Within a number of constraints, this should occur as a 
one-off benefit while the area of forest is increasing. However, studies cited in Maclaren 
2000b (see Section 8.1.16, page H-38) illustrate that changes in the rate of harvesting can alter 
the net benefit, and at the current rate of planting, New Zealand will not be able to fully 
counteract increases in carbon dioxide emission. 

Afforestation would have added benefits of reducing animal numbers, and so reduce the 
emissions of other, more harmful, greenhouse gasses. There will be little benefit from the use 
of forest products per se, although in so far as they substitute for other products such as steel 
and concrete, there will be less use of fossil fuels. 

The general opinion is that afforestation will be a short to medium-term benefit to New 
Zealand. 

Choice of species also has an impact on the amount of carbon dioxide sequestered in the 
long-term. For example the impact of a 60-year rotation of Douglas-fir is considerably greater 
than a 30-year radiata pine crop, which in turn will be greater than a short rotation crop of 
poplars or eucalypts. 

Carbon trading is also allowed under the Kyoto protocol. The concept here is that emitters 
of greenhouse gasses could offset their liabilities by purchasing the rights of the carbon fixed 
by an afforestation programme. Thus there could be a trading between countries. The concept 
is explained in more detail in F AO (200 1) - see Section 8.1.16 (page H-38). Currently (2002) 
within forestry circles in New Zealand it is not always viewed positively, as it can become 
complex and cumbersome. Procedures have yet to be agreed upon, and it is even unclear as to 
who would own the rights to the sequestered carbon. 

In summary, planting trees on farms can be viewed positively in terms of greenhouse 
gasses, but it is too soon (in 2002) to be sure this will lead to direct financial benefit to the 
grower. 

8.1.10 Land Preparation for Planting 

Inadequate site preparation can lead to poor stocking, a need for blanking (replacement 
planting), costly release clearing, unth..rifty trees, reduced growth rates, and reduced 
management options. The range oftechniques available are summarised in Table 8.1 (over 
page). See further notes on page H-23. 
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Table 8.1: Site Preparation Choices (Based on MOF 1996a; Hall, 1995; Maclaren 1993) 

Cost 3 Vegetation 
b Soilc Methods Slope 

(0) '"0 to Cl to ::rz 8'" ::r: en (") 0..'"'0 
P:l ,..., 

0 
,..., 

~ a ,..., 0 
~ l=i 0 8. 8 C/l P:l ,..., 0 (i)(JQ Pt>S ~ 

(") C/l 0 0.. -· Cll(JQ 0.. ~ ,..., 

~ (I) s ~ < .-+ (]) 
'"0 0'"0 P:l 

(]) (I) 0 (I) 0.. (I) P:l (JQ 
~ 0 § () (I) 

0.. 
.-+ 

C/l 

Towed roller (R) <20 M **A,B,W ** A,B ***W,B ***W 

Gravity roller (R) > 15 M/H **A,B **A,B ***B 

Root rake/windrow (W) < 30 c H *S *S ** 
;s: 

V-blade (V) <20 M * **d CD 
0 
::r 

Line or V-rake (L) II) <25 M ** ::s 
c=;· 
!!!.. Rotary slash <20 M *S *S *S 

Disc I rotary hoe (D) <20 M *S *A,S *A, S ** 

Rip(C) <20 M *A ***e ***e ** ef 

Rip I mound (bed) <20 M *S *A,S *A,S *A,S *A,S ***de ***de ***def 

a. Cost: M =usually medium ($200 to $500 I ha); H =usually high(> $500 I ha). 
b. * Indicates suitability for purpose: * means some suitability; **moderately suitable; ***very suitable. For example, a towed roller is 

moderately suitable for gorse. Likely combinations with other treatments are noted by the capital letters. For example, a towed roller 
combined with aerial sprayed chemical ("A"- see definitions below) may be suitable for gorse. 

c. Bulldozer (120 kW) < 25°; Excavator (20 tonne)< 35°; Excavator is cheaper and usually does less soil disturbance. 
d. Trees planted on a mound. 

Frost 

*d 

*** d 

e. If there is logging slash may need to also use a V-rake, V blade or similar. An alternative is an excavator with a tine for spot cultivation. 
f. Drainage can often be improved if hard pan is broken. 

A. Aerial spray chemical (see next page) B. Burn (see next page) S. Spot spray chemical (see next page) 



Site Preparation Choices (continued) 

Costa Vegetation 
b Soilc Frost Methods Slope 

(0) '"ti tJ:j 0 tJ:j tJ:j '"ti ::c:z 8't-< ;:) c::: 
I" ..... 0 ..... ~ 

~ r:; ~ ..... 0 -· ~ "' ~ ..... 0 0... (l)(JQ -"' .... 
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"' 
n Aerial spray (A) Any LIM **D **R, W **R,W ** **G **R,W ** ** ::r 
CD 

Spot spray (S) Any L ***G ** * * 3 .. c;· 
Target spray g <20 L ** *** *** *** *** II) 

Hand Line cut (H) Any H *S *S * ** 
Clearfell (H) Any H *B *B *B 

Burn (B) Any LIM **A,R **A,R **A,R * 
Other Oversaw (0) Any LIM **A, **A, ***A *** **A, ***S *** 

R+B R+B R+B 
Graze (G) L **S *S ** 

a. Cost: L =usually low (under $200/ha); M =usually medium ($200 to $500/ha); H = usually high (> $5001ha). 
b. *Indicates suitability of purpose:* means some suitability;** moderately suitable;*** very suitable. For example, aerial sprayed 

chemical is moderately suitable for bracken. Likely combinations with other treatments are noted by the capital letters. For example, 
aerial sprayed chemical combined with discing I rotary hoeing ("D" - see definition below) may be suitable for bracken. 

c. Bulldozer (120 kW) < 25°; Excavator (20 tmme) < 35°; Excavator is cheaper and usually does less soil disturbance. 
g. Used with scattered areas I plants either from the ground or with helicopter. 

D. Disc I rotary hoe (see previous page) 
R. Towed roller (see previous page) 
W. Rootrake or windrow (see previous page) 



Techniques for Establishment in Pasture 
Graze close prior to planting. Pre-planting and I or post-planting grass control (usually by 
herbicide) is essential, as grass competes strongly with tree for moisture. Use the 
recommended herbicide for a particular species. Spot spraying or line spraying are both 
effective techniques. Some sprays can be applied over pines after planting; other tree species 
usually have to be protected from the spray. 
Gorse and Broom 
Gorse and broom sites are among the most expensive and difficult to prepare. Burning 
followed by planting is often unsuccessful, as the regrowth from the prolific seed or stumps 
often beats trees, and makes access for tending difficult. It is preferable to control gorse before 
planting. Usually treatment with suitable brush-weed herbicides is necessary. With very heavy 
gorse, a combination of mechanical techniques and perhaps burning may be required in 
addition to spraying. 
Other Difficult Weeds 
Bracken, blackberry, barberry, pampus, buddleia, Himalayan honeysuckle and wattles are all 
best controlled before planting. Usually selected herbicides will control these weeds. Pampus 
can be partly controlled by grazing with cattle. 
Scrub 
For low native scrub, possible options are to roller-crush and bum, or windrow with a root
rake, or cut lines. For taller scrub, root-rake (with bulldozer or excavator), or crush or fell and 
if there is a lot of debris, burn. Line cutting, or making gaps in tall scrub, is highly desirable 
for some species such as blackwood, as this will help to develop good tree form. 
Compacted Stony or Clay Soils 
Ripped lines allow easier planting and better establishment. Cultivate to at least 60 
centimetres, using winged rippers. 
Frosty Areas 
Bare ground (sprayed or cultivated) lessens the effect of heavy or out-of-season frosts. 
Mounding may also help. 
Wet Areas 
On poorly drained wet sites, mound by V -blade, bedding machines or back-hoe. Drains may 
be required. 
Cut-over Sites 
Careful windrowing (with root rake) and I or burning may be necessary if slash is very heavy. 
It is desirable to plant directly into slash, as this provides a mulch, but utilisation needs to be 
good. Chopper-crushing can be helpful. Ripping may be required in areas that have been 
compacted during logging. A void removal of topsoil. 
Oversowing 
Oversowing in the autumn prior to planting can be useful on recent cutover sites or where 
woody weeds have been cleared. Oversowing with a mixture of ryegrass and Maku lotus, 
mixed with phosphate fertiliser, will assist control of difficult weeds, reduce erosion, assist 
soil fertility and may provide additional grazing. Spot release spraying will also be required. 
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8.1.11 Tree Establishment 

8.1.11.1 Selection of Tree Stocks 
The ideal bare-rooted seedling is short and fat (see below), with a well-developed, compact, 
fibrous root system. Plants should be hardened-off (that is, without soft, green and actively 
growing tips), healthy, without obvious diseases or nutrient deficiencies, and uniform in size. 
They need to be carefully handled in both the nursery and the field. 

Some nurseries, particularly for amenity and native species, provide trees grown in 
containers. Root trainers are to be preferred over polythene planter bags. Container-grown 
plants are more expensive than bare-rooted stock, and being heavier are more difficult for 
planters to carry. 

With willows and poplars, cuttings or poles, sometimes rooted in the nursery, are used. 
Black walnut nuts are often best sown direct in the field. 

Recommended Sizes for Bare-rooted Seedlings: 

Species 

P. radiata 
P. nigra 
Douglas-fir 
Cupressus sp. 
Eucalypts 
A. melanoxylon 

Age 
(years) 

l 
2 
2 
l 
1 
1 

Minimum stem 
diameter (mm) 

6 
8 
10 
6 
8 
10 

Desirable height 
(em) 

25-35 
20 

40-50 
25-35 
30-50 
50-80 

Note: Radiata pine comes in a range of genetically improved plants grown as seedlings, 
cuttings or even tissue culture. For fertile farm sites, aged cuttings are to be preferred. 
Generally, most farm sites will use selections for 'growth and form' (GF) with a rating of 
16 to 19. Higher GF ratings are more expensive, but should grow faster and produce a higher 
proportion of good form trees. They are recommended for use on the best sites, without major 
weed problems, where costs can be contained by planting at a lower stocking. There are also 
special breeds available, such as strains resistant to Dothistroma. 

For other species be careful about choice of seed source. Ask for advice as to the best 
source, suited to the area and purpose. With poplars, cypresses and redwood, selected clones 
are available. 

8.1.11.2 Care of Tree Stocks 
Most bare-rooted trees are dispatched in plastic bags or boxes between May and August, and 
should be planted as quickly as possible, ideally within 24 hours, after leaving the nursery. 
During transport they should be protected from wind and sun. Keep plants in a cool, shady 
spot, or in suitable cool store, and do not allow roots to dry out. Ifthere is a delay in planting, 
trees should be heeled in and watered. Container-stock should also be kept in the shade and 
watered as required. Using container-stock allows more latitude with planting time, although 
it is usual to plant deciduous trees before bud-break. 

Where there are severe frosts, planting late in the season may be advantageous. For 
drought-prone areas, allow sufficient time for trees to establish in the spring before the soil 
dries out. 
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8.1.11.3 Planting Technique 
Spade-planting should be used wherever possible, as it makes a large hole that allows a good 
spread of roots (see Figure 8.1). Roots should also be directed downwards, and this is 
achieved by making a deep, wide hole, and pulling the seedling upwards by ten centimetres 
before firming the soil. The tree should be upright and deeper into the ground than it was in 
the nursery. In dry soils, a third of radiata pine foliage may be buried. Soil around the tree 
should be firmed with the sole of the boot, not the heel. Cutting away a patch of turf to 
provide a bare planting spot ('screefing') is recommended in grass, unless spot-spraying has 
been done. Plant in a position free from rocks or roots that may distort the seedling's roots. A 
grubber is sometimes used in stony soil, but is not generally recommended. 

For larger operations, use skilled and experienced planting contractors who have been 
trained, are well supervised, and employ quality-control procedures. 

A video on tree planting techniques is available (see Section 8.1.16, page H-38). 

Figure 8.1: Spade Placement and Tree Location in the Three-Cut Planting Method (for Bare
Rooted Stock ) 

i 
30 em 

~ 

Cut 1 

Tree 

v-
c~.A. 

Cut2 

..,__ 40 em ------..: 

This view looks down from the top, and shows where the spade is positioned in order to 
cultivate the soil and make a planting hole. The 'X' shows where the tree is planted. Cuts 1 
and 2 are used for cultivating the soil to 30 em depth (spade is levered back and forth). Cut 3 
is used to open a hole about 25 em deep by 10 em wide. Tree roots plus lower foliage are 
placed deep in the hole; soil is back-filled; the tree is then pulled 10 em upward to straighten 
any twisted roots. Finally, still holding the tree, the soil is firmed on either side with the sole 
of the boot. Less cultivation may be required on 'light' soils. 

8.1.11.4 Fertiliser 
On many farm sites, fertiliser application at planting is not required for conifers, and can be 
disadvantageous, as it may boost the top-growth of pines and make young trees more likely to 
topple. However, phosphate or nitrogen plus phosphate fertiliser will be necessary on 
phosphate-deficient or low-fertility soils in some districts, or where there is no topsoil. 
Occasionally potassium or magnesium is also required. Nitrogen (N) can give a worthwhile 
boost to growth if applied after thinning. Legumes are also used to provide N to trees and to 
improve grazing. Trace element deficiencies, most frequently boron deficiency, must be 
rectified. 
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Eucalypts will benefit from application of nitrogenous fertiliser (urea, blood and bone, or 
diammonium phosphate). 

Fertiliser at planting is usually applied in a spade slit, 15- 20 centimetres from the tree (nut 
uphill)- see Figure 8.2. For most forestry tree species, elemental rates (per tree) appliea at 
planting are about 15 grams of nitrogen (N), 10 grams of phosphorus (P) and 12 grams of 
potash (K), where needed. Diammonium phosphate at 80 g per tree is an excellent all-round 
choice. Elimination of weed competition is important where fertilisers are being applied at 
planting. 

Figure 8.2: Spot Fertiliser Application to Newly Planted Trees, using a Spade or Dibble 
Note: Do not place soluble fertiliser in the tree planting hole or immediately 
above the tree 

Fertiliser is broadcast applied to older stands. Typical rates, in kilograms per hectare of the 
element, are 150 to 200 ofN, 50 to 80 ofP, 50 ofK, 100 of magnesium (Mg) and 8 of boron 
(B). TheN, P, K, Mg and Bare usually applied as urea, Superphosphate or Triple 
Superphosphate or rock phosphate, potassium chloride, calcined magnesite and ulixite, 
respectively. Lime is not required. 

Further details on how to recognise nutrient deficiencies, and on fertilisers and rates to 
apply, are given in Hammond (1995)- see Section 8.1.16, page H-38. 

8.1.11.5 Spacing 
Initial spacing will depend on the species, competing vegetation, degree of land preparation, 
management objectives, later silviculture, prospects for sale ofthinnings, and the possibility 
of mowing or grazing within the stand (see also Section 8.1.14, page H-35). 

Close spacing results in earlier canopy closure, suppression of weeds or grass, smaller 
branches, restriction of diameter growth (unless thinning is done early), better form, more 
choice for selection of final crop trees, and higher planting cost. Wide spacing results in later 
canopy closure and later suppression of weeds or grass, larger branches (hence more 
expensive pruning), less restriction of diameter growth, rougher form, less choice for selection 
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of final crop trees, more scope for grazing within stand, and lower planting cost. For many 
species and situations, there are advantages to using rectangular spacing where trees are 
planted closer together within the row than between rows. 
Common plantation spacings (metres) are: 

Radiata pine 3 x2m up to 5 x 3m 
Other pines 2x2m up to 3 x2m 
Douglas fir 2.5 x 2m up to 3 x 2.5 m 
Eucalypts 3 x3 m 
Cypresses 2x2m up to 4x2m 
Poplars 5x3 m up to 10 x 10m 
Black walnut 4x2m or 3.5 x 2.5m 
For grazing: 7x2m up to 10x4m 

8.1.11.6 Blanking (replacement of dead seedlings) 
This is normally done the year following planting. If mortality (assessed the autumn following 
planting) is uniformly distributed and less than about 15 %, blanking is not required. If over 
15%, or concentrated in patches, blanking is necessary (see Figure 8.3). Trees planted later, to 
fill small gaps, rarely form part of the final crop. 

Figure 8.3: Planting in Gaps 
Note: Planted trees are immediately under the gap in the canopy, which may 
not necessarily be the centre of the cleared area. 

Planted trees ~t ~ 

8.1.11. 7 Releasing I Weed Control 
It is usually necessary to cut back competing grass, weeds or scrub hardwoods from young 
trees. Bracken, gorse and broom are among the most troublesome weeds. 
Common methods: 

Physical -hand (curved slasher, etc.) 
-mechanical (rotary slasher inter-row) 
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Chemical - spot or strip ground spraying for grass 
- blanket aerial or ground spraying woody weeds. 

Pines and Douglas-fir are tolerant to a number of sprays. Release spraying of conifers for 
grass control is standard practice. For sensitive species such as eucalypts, or when in doubt, 
trees can be shielded from the spray with a cone or tube. 

For further details see New Zealand Forest Research Institute (1994), Maclaren (1993), 
and Ministry of Forestry (1996a)- see Section 8.1.16, page H-38. 

8.1.12 Woodlot Management 

8.1.12.1 Tending Regimes- General 

Boards and Veneers 
Pruning is necessary to produce clear (knot-free) timber in most species. Logs capable of 
producing clear timber, particularly decorative veneers, usually command a premium, so the 
objective of the private grower should be to grow this type of wood where possible. Green
crown pruning should aim to keep the knotty core to a minimum, without severely influencing 
growth, and should be coupled with thinning to ensure rapid diameter growth. 
Framing Timber 
Strength and stiffuess are essential. Douglas-fir is the ideal timber, but radiata pine and 
cypresses are satisfactory for most purposes. Knots are acceptable, provided they are kept 
small so pruning is not a requirement. Management should be to keep trees closely spaced in 
early stages, to suppress branch growth, unless pruning is to be carried out. This will mean 
later thinning than in board regimes, with consequent longer time to reach utilisable size. A 
higher initial stocking will also be necessary. Framing timber regimes are often used when 
tending for clear wood is not feasible. Thus remote areas with poor access, excessive weeds, 
or low site fertility, tend to make high pruning schedules less economic. Sometimes there is a 
shortage of finance or manpower for the more intensive clear wood schedules. 
Smallwood (posts and poles) 
Can be a profitable outlet ofthinnings, or can be obtained by clear-felling stands of small trees 
of species which are either naturaliy durable or can be easily treated. Strength is important. 
Demand fluctuates. Thinning for production 6f smallwood is often not worthwhile unless 
access is easy and there is a market available. It is generally better to thin to waste than to 
delay thinning and restrict growth of final crop trees, in the hope of profit from sale of 
thinnings. 
Pulpwood or Chipwood 
As a primary management objective, pulp or chipwood is unlikely ever to be profitable to the 
small grower. It can be a useful outlet for thinnings or poorer logs from clear-felling. 
Wide Spaced Planting with Grazing 
(See also Section 8.1.14, page H-35) 
On-time pruning will be essential if timber above box-grade is to be obtained. Wider spacings 
are used, and thinning is done earlier than usual, to maintain a grass sward as long as possible. 
Studies show this option may not be as profitable as growing the same quantity of wood on a 
smaller area. 
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8.1.12.2 Pruning 
The most common objective of pruning is to produce clear wood, but it can also improve 
access to stands and reduce the risk of crown fires. The bottom log (six metres of the stem) is 
generally pruned for clearwood, although it may be worth pruning higher on best sites. 
Pruning should be restricted to those trees that will form the final crop, plus a margin to allow 
for changes in form and dominance, losses through windthrow, etc. Points to look for when 
selecting trees for tending are: 

Relative dominance and vigour. Select dominants and co-dominants. 
Condition ofleader. 
Straightness of main stem. 
Erectness. 
Spacing in relation to other selected crop trees. 
Branch size. 

Note: These criteria can change in relevance, depending on the percentage of the final element 
at first tending. 

With radiata pine, variable height pruning is commonly employed. Leave the same length 
of crown on each tree (three to four metres)- see Figure 8.4. Calipers, with a slot of usually 9 
or 10 centimetres, are often used to assist workers to decide how high to prune. 

Figure 8.4: Variable Lift Pruning After Completion of Second Lift 

The aim is to leave about the same amount of crown on each tree, regardless of tree size, so as 
to both control the diameter of the defect core and even up tree growth. If we pruned to a fixed 
height, the small tree would be over-pruned and the larger tree not pruned heavily enough. 
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With macrocarpa and Douglas-fir, leave at least five metre long crowns. Douglas-fir are 
less frequently high-pruned. 

Eucalypts are usually pruned to six metres, in two lifts (at 10 and 16m mean top-height). 
Black walnut, blackwood and many other hardwoods need to be form-pruned from an early 

age, to ensure a strong, dominant leader, by removing competing laterals or large branches 
(see Figure 8.5). 

Figure 8.5: Form Pruning 

Form pruning by removal of a very large branch (a ramicorm) at 'A' and of competing leaders 
at 'B'. This will lead to a tree with a single leader and narrower crown. Later, all lower 
branches will be removed to obtain knot-free timber. 

Clearwood pruning follows this with three or more lifts. Crown lightening (sail pruning) is 
used on exposed sites, or where there is a risk of tree toppling, to help maintain tree stability. 

For access purposes, it is sufficient to prune to 2.5 metres. 

8.1.12.3 Thinning 

In the early stages of a woodlot, stocking may be fairly dense. The objective of thinning is to 
permit continued fast growth of selected trees, by removing competition from unwanted, 
inferior, trees. Final crop stocking will depend on the species and desired product type. Get 
expert advice. 

Technique- General: 
1. Aim to leave large, well-formed trees and remove small or badly formed trees. 
2. Form is more important than spacing. 
3. All hang-ups should be put on the ground. 
4. Stumps should be kept low and felled trees completely severed from the stump. 
5. Damage to crop trees should be avoided. 
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Typical final crop stockings for saw logs of radiata pine are 250- 350 stems per hectare; 
eucalypts 100 - 200 stems per hectare; blackwoods 200 stems per hectare, and black walnut 
100 stems per hectare. 

For further details on stand tending, see Section 8.1.12.4 (over page), and refer to 
Maclaren (1993) and Ministry of Forestry (1996b)- see Section 8.1.16, page H-38. A video is 
also available on clearwood production in radiata pine (Section 8.1.16). 
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8.1.12.4 Sample Management Schedules for Radiata Pine 

Clearwood Schedule 

Planting at 6.0 m x 2.0 m (830 stems/ha). Use improved genetic seedlings (GF 19+). 

Height of Approx. age Prune height Stems/ha Thin to leave 
Dominants (m) (years) (m) stems/ha 

5-6 5-7 0-2 400 (best 2 in 4) 400 (all pruned trees) 
7-8 7- 9 2-4 250 

10- 11 9- 12 4-6 250 250 (all pruned trees) 

Clearfell when the trees reach an average diameter at breast height outside bark (d. b.h.o. b.) of about 60 em. 

see below for further schedules 



Sample Management Schedules for Radiata Pine (continued) 

Clearwood Schedule With Production Thinning 

Planting at 4.0 x 2.0 m (1250 stems/ha), with GF 19 stock. 

Height of Approx. age 
Dominants (m) (years) 

5-6 5-7 
7-8 7-9 

10-11 9- 12 
15- 17 12- 15 

Prune height 
(m) 

0-2 
2-4 
4-6 

Thin to approx. 
stems/ha 

Thin to waste to 600 stems/ha 

Production thin for posts and small sawlogs 
Leave 250 to 350 stems/ha 

Clearfell when final crop trees reach about 60 em diameter at breast height outside bark. 

Site for Framing Schedule 

Planting at 3m x 2.5 m (1333 stemslha), with GF 16-19 plants. 

Height of 
Dominants (m) 

5- 18 

Approx. age 
(years) 

12- 15 

Thin to approx. 
stems/ha 

400 (best 1 in 5) 

Clearfell when required, after the average stand diameter at breast height outside bark reaches 45 em. 
Sometimes stands are pruned to 2.5 to 3 m, mainly for access purposes. 



8.1.13 Protection of Trees 

Fire 
Fire risk is higher after thinning, due to slash on the ground, so more intensive protective 
measures should be taken as this stage. The danger is greatest in the dryer, eastern areas of the 
country. During periods of high danger, forest activities may need to be limited. Grazing 
under stands can reduce under-growth. Make a fire plan, which involves neighbours and local 
forest owners. Fire insurance is recommended. 

Well maintained fire-breaks may be required around plantations, depending on degree of 
risk. These are often up to 10 metres wide, depending on the danger. 

Animals 
Opossums can be a problem in some conifers, poplars, willows and eucalypts, especially when 
the woodlots border on scrub or bush. Extensive damage can lead to death or malformation of 
young trees, to the extent that it may not be possible to select a final crop of good trees. Goats 
can also be very destructive. 

Hares and rabbits can also be problem, causing damage by nipping off the leading shoots 
of small trees. The New Zealand Forest Research Institute has tried a variety of repellents for 
hares and rabbits, and the following formulas are from this research: 

Egg Based 
80 g egg-powder, 800 ml water (or five fresh eggs, 600 ml water), 150 ml acrylic resin (or 
150 ml acrylic paint). Mix egg-powder with some water to form a paste. Add remaining 
ingredients (or with fresh eggs, beat eggs well and add remaining ingredients). To apply, 
spray 20 ml per tree immediately after planting. May need to re-apply in the spring. 
Mutton fat I kerosene:(good handling) 
Ten parts mutton fat, one part kerosene. Melt fat and mix in kerosene. Allow to set. To 
apply, wipe tree with lightly greased rubber gloves. Dab ground at tree base or stake. 

If the owner cannot control these animals, the local Authority may be able to assist. 

Diseases and Pests 
Pine needle blight (Dothistroma pini) is fairly common in the wetter parts of New Zealand. 
Symptoms are brick-red bands on green needles, with smail black spots. Spreads up from 
bottom of crown. Causes needle loss and a decline in the tree's growth. Persists from year to 
year, occasionally resulting in death. Ideal conditions which encourage the disease are a moist, 
mild climate and crowded stand. This is not a problem in Canterbury or Otago. Radiata pine, 
but not pondersosa or Corsican pine, becomes resistant with age. Dothistroma can be 
controlled by aerial spraying with copper-based spray. The New Zealand Forest Owners' 
Association should be contacted for advice on methods, and about their co-ordinated control 
programme. 

Cyclaneusma minor causes yellowing of pine needles in spring, and premature needle cast. 
The extent to which it reduces growth is not clear, but it is not regarded as a serious problem. 

Sphaeropsis sapinea (syn. Diplodia pinea) occasionally causes leader die-back, crown wilt 
and cankers on pines and occasionally on some other conifers. It is primarily a wound 
pathogen and is a problem in warm, humid conditions or droughty sites. 

The insect Sirex noctilio was once of concern for a number of introduced conifer species, 
but it has been biologically controlled. 

Bark beetles, such as Hylastes spp., are occasionally a problem during reestablishment of 
pine plantations. 
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Phaeocryptopus gaeumannii (Swiss needle-cast fungus) affects Douglas-fir only. It is a 
widespread needle disease, particularly apparent in the central North Island. It can be 
recognised by the sooty appearance on the underside of the needles, and an abnormal needle 
cast. Chemical control is uneconomic. Coastal Oregon and Washington seed sources are least 
affected. 

Douglas-fir plantations are sometimes attacked by native insects which may feed on 
leaves, buds or soft stems. However, severe epidemics are infrequent. 

Two Armillaria root -rots can cause crown wilt, resinosis of roots, or cankers in pines. 
Eucalypts and Douglas-fir are less susceptible. Sometimes groups of young trees die. It is 
usually only a localised problem in land converted from native bush. 

Cypress canker (Seridium spp.) causes stem deformation and dieback on cypresses, and is 
particularly severe with Cupressus macrocarpa in warmer regions. No chemical control, but it 
helps to keep stands vigorous by thinning and using only light pruning. 

Eucalypts are susceptible to a number of diseases. There are many leaf-spot diseases 
present in New Zealand, of which about eight or nine are common, and some are spread 
throughout the country. Provided the species and provenance (seed source) is well matched to 
the site, and the stands are well managed, they are usually not critical. Silver leaf disease 
(Chondrostereum purpureum) and other diseases have been a problem in eucalypts, entering 
through branch stubs, causing sap rot or stain. This problem is best controlled by pruning in 
winter during fine dry weather, and before branches are 2.5 em diameter. 

Eucalypts are also susceptible to a number of insects that may chew or mine leaves or form 
galls. As new insects spread to New Zealand from Australia, biological control methods are 
usually introduced. The best defence for the grower is to keep stands healthy. 

Poplars are susceptible to two rusts (Melampsora spp.), but rust-resistant varieties are 
available. Willows also are susceptible to a couple of rusts. Poplar anthracnose (Marssonina 
spp.) is found on some poplar species, and occasionally leads to tree death. 

The main problem associated with blackwood (Acacia melanoxylon) are attacks by 
psyllids (Acizzia acaciae and A. uncatoides) and leaf miners (Acrocercops alysidota) which 
affect tree form and growth rate. Repeated attacks are common. Growing blackwoods under a 
nurse crop, and in heavy rainfall areas, will reduce psyllid attack. Form-pruning can be used to 
ensure a straight leader. 

Redwoods are generally healthy. 
For more information on tree diseases, see Ridley and Dick (2001) or Hammond (1995)- see 
Section 8.1.16, page H-38. 

8.1.14 Stock Grazing under Trees 
(See also Section 8.1.11.5, page H-26.) 

It is necessary to use a cautious approach with early grazing, by using low initial livestock 
numbers, frequent (daily) inspections, and removal of animals at the first sign of damage. Dry 
ewes or lambs at two to three stock units per hectare are considered satisfactory during this 
initial grazing period. Failures with early grazing are usually related to livestock numbers 
being too high. Often it is best for trees to be three years old before introducing stock. The 
manager must resist the temptation to graze all available forage until the trees are above 1.2 
metres high. On some sites pasture can be cut for hay. 

Sheep are generally better suited to grazing in younger plantations because they cause less 
damage to the trees. Sheep generally find the bark too coarse in trees older than four to five 
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years, although bark stripping has been observed in five to six year-old radiata pine, and is 
common with macrocarpa. Cattle utilise forage that grows in the slash (thinning and pruning 
debris) much better than sheep, and also speed up slash decay. In older plantations, they also 
utilise the feed better than sheep. However, cattle can cause considerably more bark-stripping 
damage on radiata pine trees up to eight to nine years old. With both sheep and cattle, stock 
regularly grazed under the trees cause less damage, and are easier to handle, than new stock 
brought in. Adult cattle and sheep are preferred to growing stock, as their nutritive 
requirements are not so demanding. 

There is evidence of abortion problems with cows grazing radiata pine and macrocarpa 
foliage in late pregnancy. Until more information becomes available, it is recommended that 
breeding cows are kept out of forests for the last two months of pregnancy, or at least not 
given access to wilted foliage (pruning and thinning debris) during this period. 

Bark-stripping damage by both sheep and cattle generally occurs in late winter and early 
spring. Wet and cold climatic conditions are often associated with bark-stripping. 
Trees near gateways, troughs, stock-camps, or places where hay is repeatedly fed out, suffer 
most. Larger plantations generally suffer less damage. Studies have shown that a few animals 
repeatedly cause most of the damage. 

Woodlots may also be used as stock havens in bad weather. This is particularly valuable at 
the time of lambing. 

8.1.15 Harvesting and Marketing 

To obtain the best returns, it is important to develop a marketing plan that takes into 
consideration: 

The market environment, current and historical, national and international. 
Defining the target market or customer. 
Before any negotiations, obtain an up-to-date inventory of quantity and quality (log 
assortments). 
Plan the sale. Will you or a forest-marketing consultant do it? What are the cash-flow 
and tax implications? Will there be seasonal restrictions on logging? 
Decide on the type of sale- stumpage (standing forest); on ride (logged but not 
loaded); on truck; or delivered to mill or wharf. 
Prepare a harvesting plan and detailed prescriptions. Harvesting and transport should 
aim to minimise costs, maximise revenues and take into account resource consents, 
environmental impacts and risk reduction, as well as roading, access and equipment. 
After evaluating tenders for harvesting and buying logs (they may be separate), develop 
legal contracts that will protect both the seller and buyer, and cover all eventualities. 

Mature stands may be very valuable and worth in excess of $30 000 per hectare. It is also 
sometimes possible to sell immature forests or cutting rights. Often it is advisable to employ a 
registered forestry consultant with a good reputation for marketing in your area. 

Logs are usually cut and sorted by log grades before being transported. The standard log 
grades used for radiata pine in New Zealand are given in Tables 8.2 and 8.3 (over page), 
together with their relative value. The average price for the different log grades varies widely, 
so it is important to ensure that trees are cut to ensure maximum return. This takes skill. 

The harvesting, and also the management for wood production, of privately-owned native 
stands are under strict government control. If this is contemplated, it is important to contact 
the Ministry of Agriculture and Forestry. 
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For more details on harvesting and marketing, read the Ministry of Forestry "Small Forest 
Management" booklets numbers 7 and 8, and Murphy (1993). For details on inventory 
methods see Maclaren 2000a- see Section 8.1.16, page H-38. 

Table 8.2: Export Log Grade Specifications 

Log Small Maximum Maximum Length Percent Sweep Value 
Grade End Large End Knot Size (m) Allowed * 

Diam. Diameter (mm) 
(mm) (mm) 

Pruned 300+ 800 0 4.0, Shipper's d/4 100 
peelers 6.0 option 

Japan 200-340 No limit d/3 up to 4.0 10% max. d/4 58 

A 150mm 8.0 Balance. d/2 

maxrmum. 12.0 50% min. d 

Excessive 
number of large 
knots not 
permitted. 

Japan 200-260 No limit d/3 up to 4.0 10%max. d/4 46 
J 150mm 8.0 Balance. d/2 

maximum. 12.0 50% min. d 
Excessive 
number of large 
knots not 
permitted. 

Korea 200-260 No limit d/3 up to 3.6 Balance. d/4 43 
K 150mm 5.4 10%max. d/4 

maxrmum. 7.3 Balance. d/2 
Excessive 11.0 40% min. d 
number of large 
knots not 

I 

permitted. 
i 

Pulp 100+ No limit No limit. 4.0 Shipper's No 32 I 
(Japan) 6.0 option limit 

8.0 
---- -- ---

Notes: For export grades, small end diameter is measured at the wharf, under the Japanese 
Agricultural Standard (JAS) convention, i.e., rounded down to the nearest even two
centimetre interval. 

d = Small end diameter 

*Relative values compared to pruned logs (=100). Based on three-year data from 
MAF (to 2001). 
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Table 8.3: Domestic Log Grade Specifications 

Log Pruned I Unpruned Small End Max. Sweep Relative 
Grade Diameter (mm) Knot Class 

# Value* 
(mm) (see 

below) 
PI Pruned 400+ 0 1 100 
P2 Pruned 300 to 399 0 1 78 
Sl Unpruned 400+ 60 1 59 
S2 Unpruned 300 to 399 60 1 53 
S3 Pruned or Unpruned 200 to 299 60 1 38 
L1 Unpruned 400+ 140 1 41 
12 Unpruned 300 to 399 140 1 41 
13 Unpruned 200 to 299 140 1 38 
Pulp Unpruned 100+ n.a. 2 24 

Maximum possible sweep# for domestic logs: 

Length - < 3.7 metres 3.7 to 4.8 m 4.9 to 7.6 m >7.6m 
Class 1 d/8 d/4 d/3 d/2 
Class 2 d 2d 3d 4d 

Notes: *Relative values compared to pruned logs (= 1 00). Based on 3-year data from MAF 
(to 2001). 

d = small end diameter. 

#Sweep is the maximum deviation from straightness along the length of the log. 

8.1.16 Forestry References, Web-sites and Videos 
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work ofP. Moura-Cousta and L. Aukland. Forest Plantation Thematic Papers, Working 
Paper 14. Forest Resources Development Service, Forest Resources Division, FAO, 
Rome. 

Hammond, D (ed). 1995. Forestry Handbook. New Zealand Institute of Forestry, 
Christchurch. 240 pp. 

HortResearch 2001. Poplars. Poplar No 4. HortResearch, Aokautere. 6 pp. 
Maclaren, J. P. 1993. Radiata Pine Growers' Manual. New Zealand Forest Research Institute 

Bulletin 184. 140 pp. 
Maclaren, J.P. 2000a. How Much Wood Has Your Woodlot Got? New Zealand Forest 

Research Institute Bulletin 217. 135 pp. 
Maclaren, J.P. 2000b. Trees in the Greenhouse. New Zealand Forest Research Institute 

Bulletin 219. 72 pp. 
Mead, D. J., Millner, J. and Smail, P. W. 1999. Farm Forestry and Shelter. Pp 269-291. In J. 

White and J. Hodgson (eds). New Zealand Pasture and Crop Science. Oxford University 
Press, Auckland. 
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Ministry of Forestry* 1994. Marketing a Small Forest. MOF and FRI, Small Forest 
Management Series 8. 43 pp. 

Ministry of Forestry* 1995a. Planning a Small Forest. MOF and FRI, Small Forest 
Management Series 4. 64 pp. 

Ministry of Forestry* 1995b. Special Purpose Timbers. MOF and FRI, Small Forest 
Management Series 1. 69 pp. 

Ministry of Forestry* 1996a. Establishing a Small Forest. MOF and FRI, Small Forest 
Management Series 5. 94 pp. 

Ministry of Forestry* 1996b. Managing a Small Forest for Timber. MOF and FRI, Small 
Forest Management Series 6. 94 pp. 

Ministry of Forestry* 1996c. Harvesting a Small Forest. MOF and FRI, Small Forest 
Management Series 7. 58 pp. 

Ministry of Forestry and NZ Farm Forestry Association 1998. Indigenous Forestry. 
Sustainable Management. MOF. 212 pp. 

Mortimer, J and Mortimer, B. 1984. Trees for the New Zealand Countryside -A Planter's 
Guide. Silverfish Publishers, Auckland. 272 pp. 

Murphy, G 1993. How to Market and Harvest your Forest Woodlot for Profit. Glen Murphy 
and Associates, Christchurch 83 pp. 

New Zealand Forest Research Institute 1994. Forest Weed Control Manual. New Zealand 
Forest Research Institute, Bulletin 180. 

Poteous, T. 1993. Native Forest Restoration: A Practical Guide for Landowners. Queen 
Elizabeth II Second National Trust, Wellington. 

Ridley, G. S. and Dick, M.A. 2001. An Introduction to the Diseases of Forest and Amenity 
Trees in New Zealand. New Zealand Forest Research Institute Bulletin 220. 110 pp. 

*Note this series should be available free through the Ministry of Agriculture and Forestry in 
Wellington. 

NZ Forestry Web-sites 
www.climatechange.govt.nz 
www.fore.canterbury.ac.nz 
www.insights.co.nz 
www .maf. govt.nz/forestry 
www.nzffa.org.nz 
www.nzforestry.co.nz 

Forestry Videos 
(All may be purchased from the Forest Research Institute, Rotorua). 

Logging and Forest Industry Training Board 1992. Quality Tree Planting. 
New Zealand Forest Research Institute 1985. Hand Spraying of Herbicides. 
New Zealand Forest Research Institute 1988. The Weed-a metre. 
New Zealand Forest Research Institute and Tasman Forestry Ltd 1992. Pruning Radiata Pine. 
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8.2 SHEL TERBEL TS 
(Contributed by: D. J. Mead, Silviculture Adviser, Golden Bay 

Email: radiataking@hotmail.com) 

A well managed shelter system can be of great value to a farm, providing increased farming 
productivity and income, revenue from the trees, better living and working conditions, and 
increase the possibilities for farm diversification. Shelterbelts can also be aesthetically 
pleasing and provide diversity to the landscape. 

Increased productivity comes from reduced wind speed in the lee. This results in less 
mechanical damage to plants, increased temperature, reduced moisture stress and reduced soil 
losses. Quality of horticultural crops is often improved. The reduced wind speed also reduces 
cold stress with animals, which is particularly important with new-born stock, and reduces 
their demand for feed to maintain body temperature. Shelterbelts may also be used to manage 
snowfall. 

However, the roots from shelterbelts can compete with crop plants and can result in 
shading and a rain-shadow. These disadvantages can be minimised by careful design and can 
even be used to advantage. For example, farm tracks can be placed close to the belt on the 
sunny side, where the dry conditions are an advantage. While shade may benefit animals in 
hot weather (more than 30°C), it is usually not advantageous. 

Timberbelts is a term used where the emphasis is on production of timber and where the 
shelter function is perhaps less important. The production of timber requires that trees be 
high-pruned. 

8.2.1 Shelterbelt Principles 

A good shelterbelt requires adequate height, length and permeability. There are also other 
aspects to consider in their design and management. 

Height and Geometry 
Wind reduction is directly proportional to the height of the shelterbelt. A shelterbelt deflects 
wind upwards, causing a reduction of wind speed on the leeward side. The original wind 
speed develops again at a distance from the belt of about 20 times the height. The greatest 
reduction in wind speed is usually four to six times the height away from a moderately porous 
belt. Horticulturists, who aim for maximum shelter, space belts at six to ten times the final 
tree height. Pastoral farmers are often content with belts at 15 to 20 times tree height. Ideally 
the belts should be close to right angle to damaging winds. Note the most damaging winds are 
not always the predominant wind. In hill country, it is often best to plant up and down the 
slope, as wind is often funnelled along the valley. Avoid planting on ridgelines. 

Length 
Ideally, windbreaks should be as long and continuous as possible, as wind speed increases 
round the ends and will funnel through gaps. Longer lengths are more important where the 
shelter is not at right angles to the wind. Ideally, the length of shelterbelts should be more than 
20 times the final height. Careful silviculture is important to ensure there are no gaps. 
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Porosity 
A shelterbelt should act as a wind filter, not as a solid barrier. Solid barriers divert wind and 
cause greater turbulence. An optical porosity (that is, the amount of sky that can be seen when 
looking through a shelterbelt) of between 40 and 60% allows about 35% of the wind to pass 
through the belt, and provides the smoothest airflow and maximum area of protection. Many 
windbreaks are too dense. The desired density can be obtained by selection of tree species, 
correct spacing between trees, number of rows of trees, thinning and by side trimming and 
pruning. 

Continuity with Time 
The two-row, two tier shelterbelt is a design where a slower growing species is placed to the 
windward of a fast-growing species. Because of their different rotation lengths, this design 
allows for continuity in time. Single-row shelterbelts, which can be as effective as multiple 
rows, are often used on high value land. Here, continuity can be obtained by staggering 
windbreak replacement in time. 

8.2.2 Typical Shelterbelt Designs 

Many orchards and dairy farms use single rows of poplar hybrids (e.g., var. crowsnest) or 
willows (Salix matsudana), selected for their upright growth patterns. Trees are spaced 1 to 
1.5 metres apart. A wide range of other species is possible depending on site, ultimate height 
required, deciduous or evergreen, landscape needs and so forth. 

With a typical two-row, two-tier design, the trees are planted at 2.5 to 3 metre spacing 
along the row, with the rows two to three metres apart. Trees are staggered and are not 
opposite one another (see Figure 8.6, over page). The slower growing species to windward is 
often Cedrus deodara, Cryptomeriajaponica, Thujia plicata or a cypress, depending on the 
site characteristics. These trees are not pruned but may need a little side-trimming. The faster
growing companion species on the lee side is typically radiata pine, Douglas-fir or a eucalypt. 
Typically these will be high-pruned to 6 metres, to increase timber value and control porosity. 
Often with pines, every second tree in the lee row will be fan-pruned. Periodic machine side
trimming to 12+ metres will also control porosity, and prevent the development oflarge 
overhanging branches. Do not top shelterbelts. 

see over page for typical two-row design 
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Figure 8.6: Typical Two-Row, Two-Tier Shelterbelt Design for Sheep Farms 

~ 8 m between ~ 
fences 

" 

~ 

* * --¥ 

* 
The slower-growing species is on the windward, and the faster-growing species on the 
leeward. To control porosity and improve wood quality, the leeward trees have been pruned to 
six metres and side trimmed above this. As the bottom part of the diagram shows, trees 
alternate and are planted three metres apart. Overall width between fences is eight metres; 
adjusting row spacing and the distance of the trees from the fence can reduce this a little. Note 
tree trimmings remain inside the fences. 

There are special designs that will trap snow. Such belts are usually slightly denser than those 
used for wind shelter and have more rows of trees. The aim is for snow to be caught in the 
area of still wind among the trees, so that the lee side is free of snow. Trees on the windward 
side are high pruned, but trimmed branches are kept down to the ground on the lee-most row. 
A number of other designs are used in North America. 
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8.2.3 Establishment and Fencing 

Site preparation, planting and weed control must be of the highest standard to ensure full 
survival, even growth, and no gaps in the shelterbelt - see Sections 8.1. 7 (page H -8) and 8.1. 8 
(page H-10). 
High quality fencing is extremely important so animals are unable to browse the lower 
branches. If lower foliage is lost, the wind will funnel under the stand. Remember livestock 
will often lean over fences to browse trees, and that electric fences can fail. 

8.2.4 Restrictions 

Windbreaks established beside power or telephone lines should be at least six metres from the 
line on the downwind side. Tall trees should be kept at least 40 metres away from high
voltage transmission lines. There are restrictions on shading public roads (frost) and ensuring 
visibility at comers. Adequate access should be left to allow for the cleaning of water races, 
and irrigators may have special requirements. Trees close to fences with neighbouring 
properties can sometime cause tension. Appropriate authorities should be consulted before 
planting, and it is also advisable to discuss shelter plans with neighbours. 

8.2.5 Shelter References 

Maclaren, J.P. 1993. Radiata Pine Growers' Manual. New Zealand Forest Research Institute 
Bulletin 184. 140 pp. 

Mead, D. 1., Millner, 1. and Smail, P. W. 1999. Farm Forestry and Shelter. In J. White and J. 
Hodgson (eds). New Zealand Pasture and Crop Science. Oxford University Press, 
Auckland, pp 269- 291. 

Mortimer, 1 and Mortimer, B. 1984. Trees for the New Zealand Countryside -A Planter's 
Guide. Silverfish Publishers, Auckland. 272 pp. 
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SECTION 9 

FARM IMPROVEMENTS 

AND EQUIPMENT 
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Note: Before reading this section please refer to the 'disclaimer' in the Preface of this Manual. 
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9.1 

9.1.1 

FENCING 
(Contributed by G.A. Martin, Natural Resources Engineering Group, Lincoln 
University) 

Wire 

9.1.1.1 Properties of Wire 
The most common wire used for fencing in New Zealand is 2.5 mm (12 1/2 gauge) high 
tensile wire. This wire is manufactured from a medium carbon high strength steel coated with 
zinc (galvanised) to resist corrosion. 2.5 mm HT wire has largely replaced 4 mm mild steel 
wire i.e., the traditional 'farmers friend', No. 8 wire. The yield load and breaking load are very 
similar for these wires. 

2.5 mm HT wire has two major advantages over 4 mm MS wire. Firstly, wire is sold on a 
weight basis so the same money will buy about 2'/z times more 2.5 mm wire than 4 mm wire. 
The other major advantage concerns the way wire behaves when it is stretched. When a wire 
is tensioned it stretches in two distinct steps as shown in Figure 9.1. The first step is the 
elastic range where if the tension was removed the wire would return to its original length - it 
acts like an elastic band. It will do this time and time again without any permanent effect. 
However, if it is loaded past its elastic range (or 'yield point') into the plastic range, it is now 
damaged permanently and will not return to its original length. In normal use, wire should 
never be loaded past its yield point. 

Figure 9.1: Stretch Characteristics of Mild Steel and High Tensile Wire 

Yield 
Load 

Break point Break point 

f point for HT wi.re . for MS wire 

.. _.c.:~--------- --X 
x,.--

~r~~ 

Increasing stretch ---+ 

The advantage ofHT compared toMS wire of the same strength is that HT wire will stretch 
(in the elastic stage) about twice as far as MS under the same load. In a fence this means that 
if a strainer assembly moves, the reduction in tension for a HT wire will be less than for a MS 
wire. Similarly, temperature variations will not alter the tension in a HT wire as much as a MS 
wire. The fact that MS will stretch much further in the plastic range than HT wire before it 
finally breaks is not an advantage. Therefore, to obtain the best results correct wire tension is 
most important. Table 9.1 shows the properties of some common fence wires plus 
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recommended straining tensions. Refer below for a description of how wire tension can be 
measured. 

Table 9.1: Properties of Fencing Wire 

Wire Diameter Length per Approx. yield Breaking Recommended 
(mm) 25 kg coil (m) Point (kgf) load (kgf) straining 

tension (kgf) 

High Tensile 

1.6 1584 150 220 80 
2.0 1013 270 395 110 
2.5 648 430 620 150 
3.15 408 580 840 200 
3.55 321 840 1225 250 
4.00 253 980 1410 300 

Mild Steel 

1.6 1584 65 90 40 
2.0 1013 100 140 65 
2.5 648 150 215 80 I 

3.15 408 250 365 150 
3.55 321 320 460 200 
4.00 253 400 600 250 
4.50 200 510 745 315 

Note: The units used in Table 9.1 and elsewhere in this Section for force, load and tension are 
kgf (kilograms force). In the SI metric system, Newtons (N) is the unit for force and 'by 
rights' should be used to express yield point, breaking load, tension, etc, as it is in some other 
publications. However, kgf is used here because it is likely to be more meaningful to those 
using this information. 

To convert kgfto N, multiply by 9.81: i.e., kgfx 9.81 = N 

Example: The recommended tension in a conventional fence is 150 kgf. 

150 x 9.81 = 1472 (N) or approximately 1500 N. 

9.1.1.2 Wire Quality 
All wire sold in New Zealand should conform to NZ Standard 3471-1974 (see the label on 
each coil of fencing wire). This standard specifies the minimum strength expected of the wire, 
a zinc coating specification plus it includes a 'wrap around test'. Sometimes HT wire might be 
encountered which seems to be especially brittle and very difficult to tie. The 'wrap around 
test' tests brittleness of the wire plus adhesion of the galvanising. To pass this test a length of 
wire should be able to be closely wrapped six times around a wire of its own diameter without 
breaking. To perform this, hold two pieces of wire in a vice or clamp and tightly coil one 
around the other as in Figure 9.2 (over page). The zinc coating should also show no damage 
after this test. 
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Figure 9.2: 'Wrap Around Test' 

wires of 0 
same diameter 

9.1.1.3 Wire Corrosion 
As described previously, wire is coated with a thin zinc coating to provide a longer life. Under 
most conditions life should be at least 20 years. The zinc coating can be affected in a number 
of ways which will all eventually reduce the life of the wire. These include: 

• Poor storage. Wire stored in damp conditions, near fertilisers, chemicals or other 
corrosive materials will not last as long as carefully stored wire. 

• Some fencing equipment especially if fitted with serrated jaws will damage the wire. 
• Frequent wetting and drying cycles. This occurs at ground level to a marked degree so 

the use of galvanised wire is not recommended for tie-downs or other applications 
where the wire goes into the ground (stainless steel wire is recommended). 

• Contact with copper-chrome-arsenate (CCA) treated timber. The copper salts of the 
preservative material react with the zinc causing rapid corrosion. This is particularly 
serious for wires in close contact with recently treated 'green' posts. Allowing posts to 
dry out will reduce this problem but not overcome it completely. 

• Salt air close to the sea, wind blown dust, corrosive gases in the air (e.g., sulphur) will 
all reduce the life of the zinc coating. 

Once the zinc coat has been corroded away, the remaining life of the wire will be very limited. 
4 mm MS wire has an advantage under these conditions because once the zinc has gone, the 
thicker wire will take longer to corrode away than thinner 2.5 mm HT wire. 

The thickness of the zinc coating is specified in the NZS (see below) but more heavily 
coated wires are available in some sizes for extremely corrosive environments. 

9.1.1.4 Wire Tension and Measurement 
The recommended tension in a conventional stock fence is 150 kgf (1500 N), irrespective of 
the wire used. This figure has been chosen to provide satisfactory stock holding characteristics 
and does not unnecessarily load the components of the fence in service, particularly the 
strainer assemblies. Similarly, the recommended tension for electric fences is 90 kgf (900 N). 

Wire tension cannot be 'felt' or guessed accurately and therefore must be measured using 
a wire tension meter. Although commercial models are available, this very important piece of 
fencing equipment is both simple and cheap to make (see Figure 9.3, over page). Wire 
tension is measured by pulling the spring balance until the wire has deflected 12 mm. The 
tension (in kgf) then equals the reading on the balance (in kg) multiplied by 20. Therefore, as 
2.5 mm HT wire should be tensioned to 150 kgf, the reading should be 7.5 kg. 

I-5 



Figure 9.3: Wire Tension Meter 
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Like a chain, wire is only as strong as its weakest section. No wire knot is as strong as the 
wire it joins. Other causes of weak points are corrosion and kinking due to careless handling. 

'Figure 8' and reef knots are about 70- 80% as strong as the corresponding plain wire. 
See Figure 9. 4. The other popular knot is the double-loop knot (c), which is only satisfactory 
forMS wire. For HT wire this knot is, at best, 50% as strong as the wire because HT wire 
does not 'like' being bent around the sharp corners in this knot. 

In recent years, crimps for joining wire have become available. These are about 90 % as 
strong as the wire and have the advantage that crimped joints provide excellent electrical 
connection and facilitate easy retensioning of slack wires. 

Figure 9.4: (A) Figure 8 knot 
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(B) Reef knot 
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9.1.1.6 Other Types of Fencing Wire 

Stainless Steel: Stainless steel wire is of similar strength to mild steel wire, does 
not corrode as quickly but is much more expensive. It should be 
used where wire is in ground contact, e.g., tie downs. 

Aluminium Coated Wire: This wire is HT steel wire coated with a thick layer of aluminium 
rather than zinc. It is used for lead out wires in electric fencing and 
has been used in the past for conventional fences in very corrosive 
environments. However, it requires very careful handling and 
special staples and joiners to avoid damaging the coating. 

Aluminium Wire: Pure aluminium has very good corrosion resistance but is 
considerably weaker than HT steel of the same diameter and much 
more expensive. It is a very good alternative to AI coated wire for 
long lead out wires in electric fencing. 

Galvanised Wire Strand: This wire consists of seven HT wires twisted together and was 
developed to carry large loads in some horticultural applications. 

Barbed Wire: Typically manufactured from two wires wrapped together with 
barbs every 75, 100 or 150 mm. It costs about three times as much 
2.5 mm HT, is awkward to erect and retension and can damage 
skins and pelts. Much less used now than in past years. 
Barbed wire should never be electrified. 

Plastic Wire: Its use is largely limited to temporary electric fencing in ribbons 
and strands woven together with fine stainless steel wire. 

9.1.2 Netting Fences 

Wire netting is made in a wide variety of sizes and configurations. Possibilities are: 
• Knot type. Two different types are used, one that results in a stiff stay (vertical wire) and 

the other where the stay is effectively hinged for joint to joint down the fence. The 
advantage of the stiffer fence is balanced by the increased cost of l 0 - 15 %. 

• Stay spacing. The most common stay spacings are 150, 300 and 600 mm. 
• Overall height and number of wires. The choice of height and wire spacings depend 

largely on the type of stock to be held. Heights vary from 2.4 m and 20 wires for deer 
fences to 5 wire fences, 500 mm high. 

• Wire type. Nettings are manufactured from mainly 2.5 mm HT for horizontal wires with 
medium tensile or mild steel for the stay wires. 

Netting fences are extremely stockproofbut are more expensive than a plain wire and dropper 
fence. Erection and correct tensioning on hilly terrain is difficult. 

9.1.3 Staples 

Staples come in a variety of lengths, diameters, point type and either galvanised or hot-dipped 
galvanised. The latter will be more durable than plain galvanised. Plain shanked staples are 
better for 'green' posts because the treatment salts tend to corrode the barbs leaving the staple 
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loose in the post - barbed staples are better for dry posts. With soft timbers, longer staples are 
better than barbed ones. Suggested staples are 50 or 45 x 4 mm for softwood posts, 40 x 4 mm 
for hardwood posts, 30 x 3.15 mm for softwood battens. 

9.1.4 Posts and Intermediate Supports 

Size and Durability 

Timber: 'Round-wood material' (in fencing terms) refers to timber that has a rounded face, 
e.g., full rounds, half rounds, quarter rounds. Virtually all timber posts used in 
agriculture and horticulture are 'round-wood material' rather than fully sawn. 
Timber post size is specified in the case of full rounds by minimum 'SED'- small 
end diameter. Typical SEDs are 75, 100, 125, 150, 175 and 200 mm. For half 
round and quarter round, size is denoted by face width, e.g., 150 mm. Common 
post lengths available are 1.8, 2.1 and 2.4 m for conventional fences and 2.7, 3.0, 
3.6, 4.2 and 4.8 m for deer fencing or horticultural use. Timber fence battens are 
typically all sawn to 50 x 40 mm. 

Timber posts that are not naturally durable should be treated with preservati<.:: 
to limit decay and insect attack. This is essential for radiata pine. Commercial 
timber posts for agricultural use must be treated to H4 (ground contact) standard
the treatment plant number and H4 should be stamped on the end. For 
horticultural use, H5 treatment is recommended. The reason for the variation 
between agricultural and horticultural posts is that in an orchard, the soil is usually 
more fertile, watered more regularly and better drained. Exposed timber not in 
ground contact, e.g., battens should be treated to H3 standard. During the 
treatment process, preservative is forced under pressure into the timber from the 
outside so the concentration will be greatest on the outer fibres and decreasing 
towards the centre. Accordingly all cuts and holes made in treated timber should 
be as shallow as possible and preferably painted with a recommended 
preservative. 

Hardwoods are naturally much more durable than softwoods and therefore do 
not normally need to be treated to ensure long life. In addition hardwood is a good 
electrical insulator so when used in an electric fence system, insulators are not 
required. Insulation properties depend on the dryness of the timber so in a very 
wet environment, losses in a large electric fence system may be excessive. The 
material is extremely hard and ordinary staples and nails cannot be driven into it. 
Consequently posts, stakes and droppers are available for permanent electric fence 
systems sawn, predrilled or rebated for the wires to be attached by clips or wire 
ties. 

Concrete: Can be either reinforced or prestressed. Concrete posts do not readily decay but if 
cracked, the reinforcing is liable to rust. Concrete posts are more expensive than 
comparable timber posts, heavier, more difficult to handle and not as strong. Their 
use has decreased significantly in recent years since treated timber posts became 
common. 

Steel: E.g., waratahs, flat iron standards, 'T' sections, clip on wire droppers, galvanised 
steel droppers. Steel intermediate supports are now less common than in the past 
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but clip-on droppers are very popular. Steel posts are prone to corrosion in coastal 
locations. Ungalvanised steel posts and standards tend to cause premature 
corrosion and abrasion of line wires. 

Fibreglass: Fibreglass stakes and droppers are a popular alternative for temporary and 
permanent electric fencing. They are much weaker than hardwood or roundwood 
material but compensate for this by their flexibility which means they seldom are 
broken. Relatively cheap and easy and light to handle. Wires are attached by clips 
or wire ties. Fibreglass will deteriorate in sunlight, but the life can be extended by 
the incorporation ofU.V. stabilisers. 

9.1.5 Strainer Assemblies 

9.1.5.1 Strength of Strainer Assemblies 

The failure of a strainer assembly, unlike the failure of an individual wire or post, will affect 
the whole fence. For this reason it is very worthwhile to take particular care over the selection 
of materials and erection of a strainer assembly. If the strainer assembly is not strong enough, 
then the wires cannot be maintained at the correct tension resulting in a much less effective 
fence. The strainer assembly contributes only a small proportion of the total cost of a fence but 
largely determines the overall strength of the fence. 

Figure 9. 5 shows the two main types of strainer assemblies in common use. Both of these will 
move a small amount when the fence wires are tensioned, but if they move too far the wires 
will go slack - the assembly has 'failed'. They fail by pushing through the ground, jacking out 
of the ground or if the posts are too light, by bending or breaking. 

Figure 9.5: Strainer Assemblies 

Conventional Horizontal Stay 

Some tests have been conducted both in New Zealand and overseas on these and other 
assemblies to determine the relative strengths. Variability of soils however make comparisons 
difficult and very hard to make blanket recommendations. Two basic designs follow. With 
these designs are a range of component sizes to suit a typical 7 to 8 wire conventional fence in 
different soil types. For a 9 or 10 wire fence the size of these components could in most 
situations be increased to the next larger size. A good guide to optimum post size will also 
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come from observing existing successful strainers in similar applications and soils. These 
types of strainer assemblies are also appropriate for permanent electric fences but because of 
the reduced number of wires and tension, shorter and lighter posts are appropriate. 

9.1.5.2 Diagonal Stay Assembly 
Diagonal stay assemblies take the strain of the wires by transferring most of the load through 
the stay .and stay block into the ground. Unfortunately this causes the assembly to rotate about 
the stay block with the strainer post lifting out of the ground. To stop this it is usually 
necessary to 'foot' the strainer post. With short stays, the uplift will be increased. The stay 
block should be set into firm soil, i.e., below the weaker topsoil. 

Figure 9.6: 

Strainer post: 

Diagonal stay: 

Stay block: 

Feet: 

Diagonal Stay Assembly 

1 
E 
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0 
0 
N ,.... 

strainer post 

I 

I I 
I ~ 
I ! 
I I 
1 l!_eet 

'i=:J 

side view 

............ -......... stay block ... '.:17 ....... ,, 

175 mm SED x 2.4 m for soft ground and as a gate post. 
150 mm SED x 2.1 m for firm conditions; and for driven strainer post, 
2.4 m long should be used. 
175 mm SED x 3.0 m for deer fencing. 

100 mm SED x 2.4 m or 2.7 m. 
100 mm SED x 3.0 m for deer fencing. 

0.9 - 1.2 m of 200 mm half-round post is common. 
Longer for weaker soils. 

Common type is two 300 x 75 x 50 mm timber blocks tied with wire up the 
back of the post. 

Diagonal stay assemblies require fewer materials than horizontal stay type and are probably 
preferred where the strainer assembly is hand installed rather than machine driven. 
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9.1.5.3 Horizontal Stay Assembly 
The efficiency of this type of assembly depends on the top rail and diagonal tie. They combine 
to form a rigid triangle which keeps the back post vertical as shown in Figure 9. 7. 

Figure 9.7: Horizontal Stay Assembly and Principle 

Components 

r -.... 
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+
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+-
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~ 

hpin 
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front post 

wir:' 
applying 
pull 

If the wire diagonal tie stretches, the back post will tilt and its efficiency is lost. As most of 
the load is transferred to the soil through the back post, this should be the larger one. The front 
post is only needed to hold the front comer of the triangle - it is pushed into the ground when 
the load comes on. 

I - II 



Horizontal stay assemblies can be made as single or double units - the latter may be 
necessary in soft conditions. As the back post does not normally require 'footing', this 
assembly is normally preferred where machine driving of the posts is used. 

Back post: 175 mm SED x 2.4 m or 150 mm SED x 2.7 m for soft ground. 
150 mm SED x 2.4 m for firm soils. 
Minimum SED of 175 mm for a gate post. 
175 mm SED x 3.0 m for deer fencing. 

Front post: 125 mm SED x 2.1 m. 

Rail post: 

125 mm SED x 2. 7 m for deer fencing. 

100 mm SED x 2.4 m for firm ground. 
125 SED and up to 3.6 long in soft conditions. 
125 mm SED x 2.7 m for deer fencing. 

Diagonal tie: Minimum of 4 strands (2loops) of 4 mm MS or 2.5 mm HT galvanised wire. 

9.1.5.4 Breast-block Strainer Assembly 
This type of assembly is an alternative for 4 or 5 wire permanent electric fences, and is 
cheaper and quicker to install than diagonal stay or horizontal stay. For 3 or fewer wires, the 
breast-block would not normally be required. Figure 9.8 shows the arrangement. 

Figure 9.8: Breast-block Assembly 

Strainer posts: 150 mm SED x 2.1 m. 175 mm SED x 2.4 m for soft conditions or gate post. 

Breast-block: 150 mm 1/2 round x 1.2 m. 

For further information and details see MAF "Ag Links" FPP 114, 115, 816-822 (1984). 
Copies can be obtained from the Lincoln University Library, through inter loan from your 
local public library. 
Also, "AgF'acts" No.s 195 & 196 from the AgResearch web-site: 

www. agresearch. cri. nzlagr/pubs/agfact 
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9.1.6 Electric Fencing 
(Information originally adapted from Gallagher's Power Fence Manual, 
Speedrite Electric Fence Systems, and PEL Electric Fence Manual, pre I996) 

Note: Refer also to previous sections on fencing for information on the various components of 
electric fences. See Section 9.1. 7. 2 for fence types. 

9.1.6.1 Introduction 
An electric fence is made up of three components- energiser, fence system and earthing 
(grounding) system. The energiser develops a pulsed electric charge (at about I second 
intervals) which travels along the insulated fence system. Stock coming in contact with the 
fence complete the circuit through the ground back to the energiser, so receive an unpleasant 
but harmless electric shock. Unlike conventional fences, an electric fence is not so much a 
physical barrier but a 'psychological' one. The stock learn to respect the fence. Faulty 
insulation or 'shorts' will reduce the effectiveness of the fence system by allowing 'leakage' 
and therefore reducing the voltage. Similarly, small wires will 'restrict' the flow of the electric 
pulse, and reduce fence voltage. 

9.1.6.2 Energisers 

Power Source: Energisers are either mains or battery powered. Mains powered are the most 
cost efficient and effective with battery powered units intended for temporary 
fencing and remote areas. Either dry or wet cell batteries are used and battery 
life is directly related to its own capacity and the output power of the 
energiser. Solar panels are available to recharge batteries in remote areas. 

Energiser Size: Energiser output is normally expressed as pulse energy measured in Joules. 

Standard: 

Pulse energy is the electrical energy available in one pulse. Energy output 
provides an indication of the ability of the energiser to handle fence load 
(which depends on the length offence and the number of wires) and leakage 
and still maintain an adequate voltage on the fence to control stock. Energisers 
range in size from small battery powered O.I Joule output units intended for 
short strip grazing use, up to 50 Joules mains powered units intended for 
extremely large electrified fence systems. As an approximate guide, under 
normal conditions I Joule of energiser output will power I 0 km of single wire 
fence. This will depend though on the fence type, vegetation, number of wires, 
climatic conditions and insulation etc. A property with I5 km of 5 wire fences 
would require an energiser with 7.5 Joules output using this 'rule of thumb'. 

In New Zealand, the standard for electric fence energisers is AS/NZS 3I29 
which covers mains energisers plus has supplements for battery powered 
energisers. This standard requires that: 

The peak output voltage does not exceed 10 000 volts. 
The time between pulses shall be at least I.O second. 
The pulse shall not last for more than 50 milliseconds. 
The energy output per pulse when connected to a 500 ohm load shall 
not exceed 8 joules. (The output can be greater than 8 Joules if 
resistance is lower than 500 ohms which is why in the section above on 
energiser size, large energisers can have a much higher output). 
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Specifications are also included for electrical isolation, radio 
interference, container strength, temperature effects, faulty component 
effects. 

The modem electric fence energiser is seldom the weakest link in an electric fence system. It 
is normally faulty insulation or installation, insufficient wire size or a bad earth system. 
Another point is that electric fence systems normally are added to with time, so buy a higher 
powered energiser than what might be required initially. 

9.1.6.3 Electric Fence Insulators 
Insulators can be classified into two types; end strain insulators which are used to insulate the 
line wire from the end support, and line insulators, which support the wires along the length of 
the fence. Both functions can be performed by self-insulating posts and droppers (see Section 
9.1. 7.2) or moulded insulators. After earthing and poor connections, unsatisfactory insulators 
are the next most common cause of faulty electric fences. 

Moulded insulators are made from either plastic or ceramics and are available in a very 
large number of designs. There are two main features to note when selecting insulators. 
Firstly, note the shortest distance (track distance) from the electrified wire to the post, nail, 
staple or wire. The good electrical resistance properties of all moulded insulators ensure that 
leakage will not occur directly through the material. However under moist conditions, electric 
current can track over the insulator surface so the minimum track distance should be at least 
25 mm, preferably 40 mm, especially in damp conditions or with powerful energisers. Any 
splits or cracks will attract dirt and moisture and reduce electrical resistance. 

Insulator 'life' is important. Polyethylene and polypropylene are the most common plastics 
used but without special additives have a very limited life. When exposed to ultraviolet 
radiation from the sun, the insulator surface is damaged, readily contaminated and will 
therefore condu ct electricity. Special ultraviolet inhibitors or stabilisers can be incorporated 
into the plastic during manufacture to reduce the rate of deterioration. Unfortunately it is not 
possible to tell by inspection whether these additives have been included so only reputable 
insulators should be used or those that offer a life guarantee. Unless the insulator is well made 
moisture can be absorbed and resistance reduced as a result. Ceramic insulators (normally 
porcelain) have very good electrical properties and do not deteriorate with time unless chipped 
or damaged. They are more expensive than comparable plastic ones but are preferable where 
the insulator is placed under high loads, e.g., end strain insulators. Insulators made from glass 
filled polyester are also very strong and can replace porcelain in these applications. 

Insulator attachment methods vary greatly but if the loads on the insulator are considerable 
(e.g., at a dip or rise) then insulators which are attached at two points rather than by a single 
nail or staple are preferred. When attaching small bore tubing insulators it may be necessary to 
drive two staples at opposite angles to one another to prevent the tube slipping along the wire. 

9.1.6.4 Electric Fence Systems 
There are two types of fence wire systems - all live wire or earth (ground) wire return system. 

All Live System 
As shown in Figure 9.9 (over page), all fence wires are live or neutral and the electrical circuit 
is completed through the animal. This system is recommended where soil conductivity is good 
and should be adequate for the whole of New Zealand. 
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Figure 9.9: All Live System 

Earth Stakes 

Earth Wire Return 
As shown in Figure 9.1 0, earth and live wires are alternated so the circuit is completed when 
the animal touches both wires or a live wire and the ground. This system is recommended in 
extremely dry soils with poor conductivity. This system requires a very high standard of 
construction and must be well maintained because if live and earth wires come in contact, the 
fence becomes ineffective. 

Figure 9.10: Earth Wire Return System 

Lead out 

Earth Stakes 
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The ideal site for an energiser in a fence system is at the hub of a number of radiating fences. 
In practice however, fence subdivisions will not all radiate from a single point so a 'lead-out 
wire' is required to connect the energiser to the fence system. Lead-out wires often cause 
'restrictions' in the system so extra care and monitoring is required. To reduce the voltage 
drop in the lead-out system, the following options should be considered as lead-outs, in order 
of preference: 

1. A well constructed 4 or 5 wire electric fence. 
2. Aluminium wire or aluminium coated wire. 
3. 2 or more 2.5 mm HT wires or thicker wire. 

At some point it becomes impractical and uneconomic to run lead-out wires to a fence system 
from a mains energiser. Then a battery powered unit with perhaps solar charging becomes the 
only practical solution. 

9.1.6.5 Earthing (Grounding) System 
An inadequate earth system is a very common fault with electric fence systems. A correctly 
installed earthing system is essential - it is a very simple, cheap part of the overall system but 
it can affect the performance of the whole system significantly. 

A high powered energiser requires a large earth system. If possible, choose an area which will 
always be damp even if this is some distance from the energiser. Selecting a damp area is 
more important than keeping the length of the connecting wire to a minimum. In moist soils, 
three, two metre lengths of 25 mm galvanised water pipe driven into the ground, three metres 
apart should provide an adequate earth - all earth stakes should be connected by one 
continuous wire. Ensure that any earth stake is at least 10 metres from any power supply earth 
peg, underground telephone or power cable or underground water pipe. Do not use thinly 
electroplated or painted items or ungalvanised material because they quickly rust and create 
resistance. In addition, where the wire from the energiser to the earth stakes is likely to come 
in contact with soil, yards, waterpipes or building, or if there is a milking shed nearby, use 
double insulated lead out cable. 

In low conductivity soils and those that become very dry, improved earthing can be obtained 
by using a mixture of bentonite and salt in 75 mm diameter holes, 1.2 m deep with a stainless 
steel rod in the centre which is in tum connected to other earth sta..kes and the energiser. 
Watering an earth system no matter which type will also improve its performance in dry 
conditions. 

Energiser earth systems should be tested at least once a year during the dry season and if 
necessary improved by adding more earth stakes. When testing an earth system, the fence 
should be under a heavy load - the fence voltage should be less than 2000 volts if possible. If 
necessary, short the fence out at least 100m away from the energiser by laying some steel 
stakes or pipe against the fence . To test the earth system use a digital volt meter, place one 
lead on the earth wire and the other into the ground as far away as possible from the earth 
stakes. The reading should be less than 500 volts. If it is not, add additional earth stakes or 
locate the earthing system in a moister area. 

Remember: Earth faults are one of the most common causes of poor performance for electric 
fence systems. 

Lightning strikes can damage electric fence systems. Lightning diverter kits are available to 
reduce the damage resulting from strikes. 
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9.1.6.6 Testing and Fault-finding 
A digital volt meter is essential for testing and monitoring electric fence systems. 
It is strongly recommended that typical fence voltages be recorded when the system is first 
installed and operating normally. Measurements should be repeated whenever additions or 
modifications are made. Measurements should be made at all cut-outs, between energiser 
terminals, between energiser earth terminal and ground and other convenient points in the 
fence system. The purpose of these measurements is to provide confirmation that a fault has 
developed and to simplify its identification and location. 

It is assumed that a fault exists when: 
• The energiser output voltage is less than 3500 volts with the fence connected or 
• The earth voltage is greater than 500 volts or 
• The voltage at any part of the fence network is less than 2500 volts or 
• Stock regularly get through the fence. 

Faults other than those caused by vegetation are frequently difficult to locate. Often the only 
method is to walk along the fence taking voltage measurements and making a thorough visual 
inspection. A transistor radio tuned off the station and on high volume can indicate faults by a 
'clicking' noise when close to the problem. Cut-outs installed in the network can also aid fault 
location by allowing sections to be isolated. 

A fault-finding chart is shown on the next page (Figure 9.11). 

9.1. 6.7 Training Stock To Electric Fencing 
Select a small well fenced, holding paddock and place offset wires on this at about two thirds 
the height of the animals to be trained. Earth the remainder of the fence to the energiser earth 
and electrify the offset wires with the strongest possible pulse. The minimum training time 
required is 12 hours and most animals will be fully trained in 48 hours. The aim is to have 
stock approaching the fences with caution. 
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Figure 9.11: Electric Fence Fault-finding Chart 
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9.1.6.8 Safety Requirements and Regulations 
• All mains operated energisers must conform with local requirements. 
• No more than one energiser may electrify any one fence line at any one time. 
• The energiser earth stakes must be at least 10 m away from any other electrical earth peg 

or system to reduce the possibility of mains power flowing continuously through any 
electric fence. 

• Where possible, avoid any fence line passing under or running parallel to power lines. If 
unavoidable the crossing should be made underneath the power line and at right-angles to 
it. Where they are in the vicinity of overhead power lines, no fence wires should be higher 
than 2 m above the ground. 
The Post and Telegraph Act prohibits electrical interference to Telecom lines and the onus 
is on the land owner to prevent any audible interference. Where possible, avoid running 
under the telephone wires or parallel to underground telephone cables for any distance. 
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• It is also recommended to keep electrical wires well away from radio aerials. 
• When crossing public highways, ensure that all wires are at least 5.45 m above the 

ground. 
• Do not attach electrified fence wires to any mains power support (power pole) unless 

authorised to do so. 
• Local body approval and advice regarding local regulations should be sought before 

constructing any electric fence system near roadways, stock routes, railways, etc. 

Warning Signs 
Electric fences bordering public thoroughfares are required to have a warning sign at least 200 
mm x 100 mm in size every 90 metres. The signs should display the words 'ELECTRJC 
FENCE' or the appropriate warning symbol. Any lettering should be at least 25 mm high. 

9.1.7 Fence Types 

There are about as many variations in fence types and construction as there are farmers in 
New Zealand! The following examples are just a selection of these many types and have been 
chosen because of their popularity, economy or success. All wires are 2.5 mm HT unless 
otherwise stated. 

9.1.7.1 Conventional Fences 
Note: All conventional fences should have a bottom wire height (from the ground) of 
approximately 100 mm, and spacings between the lower wires should be no greater than 
125 mm for sheep or goats. 

Typical S.l. fence: 7 wires, 1000 mm top wire height, 8- 10m post spacing, 
1.8 m x 100 SED or 125 SED posts, 4 wooden battens between 
posts. 

Lightning dropper fence: 7 wires, 1000 mm top wire height, 6 - 8 m post spacing, 
1.8 m x 100 SED or 125 SED posts, 3 lightning droppers between 
posts. Often has the top wire electrified for cattle and to provide a 
lead out wire for temporary break-fencing. 

Typical N.l. 8 wire fence: 8 wires, 1150 mm top wire height, 4 m post spacing, 
1.8 m x 125 SED posts, 3 wooden battens between posts. 

Soil con fence: 10 wires, 1180 mm top wire height, 5 m or more post spacing, 
1. 8 m x 100 SED posts with one or no droppers between posts. 

Conventional netting fence: 8 line netting fence (typically 8-900-150 HT) with plain or barb 
wire on top, 1150 mm top wire height, 4- 5 m post spacing, 

Boundary deer fence: 

Internal deer fence: 

1.8 m x 100 SED posts. 

13 line netting fence (typically 13-1900-150 HT, or 
13-1900-300 HT) with 2.7 m x 125 SED posts at 5 m spacing, 
2000 mm top wire height. 

13 line netting fence (typically 13-1900-300 HT) with 
2.7 m x 125 SED posts at 7 m spacing, 2000 mm top wire height 
or alternatively 11 line netting fence (typically 11-1550-300 HT) 
with 2.4 m x 125 SED posts at 7 m spacing, 1650 mm top wire 
height. 
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9.1.7.2 Permanent Electrified Fences 
Posts can be either light roundwood post (full round, 1/2 round or 1/4 round) or sawn 
softwood stake with insulators, steel post with insulators, hardwood post or fibreglass post. 
Droppers can be either hardwood or fibreglass. 

Dairy cattle: 

Cattle and horses: 

Sheep and pigs: 

1 wire at 700 - 800 mm height, posts spaced at 10 - 15 m. 

2 or 3 wires, 900 mm top wire height with posts spaced at 10 - 15 m or 
posts at 15- 30m with 1 to 3 droppers between. 

4 wires, 900 mm top wire height with posts spaced at 8 - 10 m or posts 
at 15- 30m with 1 to 3 droppers between. 

Goats, sheep and pigs: 5 wires, 950- 1000 mm top wire height, posts and droppers as for 
sheep and pigs above. 

Deer: 7 wires, 1500 top wire height, posts at 8 - 10 spacing. 

Note: The bottom wire height (from the ground) and the bottom wire spacings should be no 
more than 150 mm, for sheep and goats. 

9.1.8 Estimating Length of Fencing 

The formula below can be used to estimate the approximate total length of fencing required to 
subdivide a farm into a given number of paddocks. The length of fencing so estimated does 
not include the length of the boundary fences and assumes the paddocks are square. 

Total length of fencing (metres) is: 

200 x V Total farm area (ha) x Number of paddocks 

Example: 

If a 350 ha area is to be subdivided into 35 paddocks, then total length offences required is: 

200 x V 350 x 35 = 200 x Ill = 22 200 metres. 
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9.2 FARM ROADS 
(Contributed by L.A. Bellamy). 

Well designed roads facilitate efficient and safe movement of stock and vehicles. The following 
affect the cost and performance and should therefore be considered when planning a new road or 
considering upgrading an existing road: 

• Position of road 
• Grades 
• Radius of bends 
• Cross-section profile 
• Thickness and type of imported aggregate 
• Water-table drainage 
• Stability of fills and cuttings 
• Bridge and culvert design 

9.2.1 Position, Grades, Bends 

Position 
Often on hill country there is little choice but if there is, it is desirable that the road is in sunny, 
well drained locations around hillsides which have a slope flatter than 1:1 (note that grades are 
expressed as vertica1:horizontal distance). 

Grades 
Maximum grade depends on the type of vehicle and the surface quality of the road. Advice 
should be sought from road users (e.g., fertiliser trucks) before road construction begins 
otherwise the values in Table 9.2 can be used as a guide. 

Table 9.2: Maximum Grades on Straight Sections of Road 

Tractor over a long distance 
Tractor over a short distance 
Truck over a long distance on compacted gravel 
Truck over a short distance on compacted gravel 
Truck over a long distance on compacted rock or concrete 

1:3 - 1:4 
1:2.5 - 1:3 
1:6 -1:8 
1:5 - 1:6 
1:5 - 1:6 

Grades should be flattened at bends (extending to about 20 m before and after the bend) if the 
radius is less than about 25 m. The degree of flattening is affected by the radius and degree of 
curvature of the bend. A maximum centre-line grade of 1:15 - 1 :20 around the bend should be 
adequate for farm roads. 

Bends and Turning Circles 
The minimum allowable radius will depend on the type of vehicle. Most trucks can turn in a 
radius of 12m (measured to the outside edge of the vehicle). Design for a minimum turning 
radius of 15 m for cattle trucks, milk tankers and logging trucks. The farm road entry off a 
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public road should be at least 10m wide tapering to no less than 3.5 m no nearer than 6 m from 
the road's edge. 

9.2.2 Cross-section Profile 

Roads must be designed so that water is shed from the pavement and the base is kept dry. The 
cross-section can be shaped with a central crown or with a cross-fall in one direction as shown in 
Figures 9.12a and 9.12b. Only one water-table, on the up-hill side, is required if the original 
ground slope across the road is steeper than about 1:30 (Figure 9.12c). On steep hills (Figure 
9.12d) the road should be formed with a single slope towards the water-table in order to avoid 
erosion of the fill slope. A camber of 1:20 - 1 :30 should ensure good surface drainage. It is 
important that water-tables remain clear and are well graded, especially where stock use the road. 
A wire supported by outriggers attached to race fences may be a worthwhile measure for keeping 
stock from walking in the water-table. Water-tables should have a minimum grade of about 
1:150. Erosion damage of the water-table on steeper roads can be avoided by ensuring the water
table is sufficiently drained. This is considered in Section 9. 2. 4. 

Figure 9.12: Typical Road Cross-sections 

9.12 (a) Flat Ground- Crowned 

Pavement] 
1 :20 - 1 :30 camber Original Ground ··~~~;+~~~-·'l ___ _ ~ .. ·-· ·-·-·-· ---- ~ 

9.12 (b) Flat Ground- Single Slope 

PavMHWJ 
) :20 - 1 :30 camber _.,__,_ ~~al Ground 

__..;!' ______ ... ·- -._/ 

9.12 (c) Sloping Ground 

Pavement 

1 :20 - 1 :30 camber 
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9.12 (d) Steep Hillside 

Pavement 

1 :20 - 1 :30 camber 

~gin~-~~o£Uit--------

Road pavement widths should not be less than 3m or 3.5 m for truck access. Pavement width 
should be increased to 5 m at tight bends. Wider pavements are required for dairy farm races. 
Depending on herd size a pavement width of3.5 m (up to 100 cows) to 7 m (over 300 cows) is 
recommended ( 1996). 

9.2.3 Aggregate 

Topsoil and grass should be removed before forming a road. The need for, and required thickness 
of an aggregate surface depends on the type and number of vehicles (or animals) using the road 
each day and on the strength of the underlying soil. In cases where the road is used infrequently 
and then only by light vehicles, a well formed (i.e., shaped so that the road surface and base are 
drained) earth road may be adequate. Engineering advice on aggregate material selection and 
thickness should be sought for major road projects. The values in Table 9.3 apply to most farm 
roads (less than 20 heavy vehicles per day) and should only be used as a guide. 

Table 9.3: Total Compacted Pavement Thickness 

Underlying Soil 

Pumice, sandy gravels, decayed rock 
Coarse river sand 
Silty clays, sandy silts 
Friable clays 
Fine wind blown sand 
Heavy clays 

Thickness (mm) 

125 
150 
175 
200 
225 
250 

Pit-run, not containing much silt or large stones, is a suitable material for a road's base. A top 
layer containing a greater percentage of finer aggregate is generally needed to provide a suitable 
wearing surface that can also shed water. For dairy races the top layer should not have large 
(greater than 25 mm) or sharp stones and should have a high percentage of clay. Cement or lime 
stabilised pavement is an alternative construction technique suitable on some soils. 
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9.2.4 Water-tables, Culverts, Cuttings 

Water-tables in hill-side sections offarm roads are typically drained by culverts running at an 
angle across (and under) the road. The spacing and size of these pipes depends on a number of 
factors including the grade ofthe water-table, erosion susceptibility of the soil, the flow of water 
from adjacent slopes and the rainfall intensity. Engineering advice should be sought for major 
road projects. The values in Table 9.4 should be used as a guide only. Culvert diameter should 
not be less than 225 mm as smaller sizes are prone to blockage. In most cases this diameter is 
sufficient to pass the volume of water flowing down the water table. 

Pipe installation requires some care and the manufacturer's advice should be sought. 
Particular attention should be given to bedding the pipe and compacting the back-fill to the 
required depth above the pipe (typically at least 300 mm of cover above the pipe is required). The 
grade of the pipe should be steeper than the water-table that it is draining. Bank erosion at the 
culvert outlet needs to be avoided. In some cases this may require a discharge apron of stones or 
concrete to protect the bank from scour. Alternatively the discharge can be piped away (or 
flumed in an open channel) but this tends to be an expensive option. The culvert inlet may need 
additional work to ensure water flows into (and not past) the culvert inlet without impeding the 
flow of water. A drop inlet or flared inlet formed from concrete may be required. 

Table 9.4: Maximum Culvert Spacing for Water-table Drainage 

Water-table Slope 

Flatter than 1 :20 
1:10- 1:20 
1:7-1:10 
Steeper than 1:7 

Spacing (m)* 

120- 200 
60- 120 
45- 80 
30- 60 

*Note: Smaller values used for easily erodible soils (e.g., silt or silty sand) while the larger 
values for soils more resistant to erosion (e.g., gravels and some clays). 

Fills and Cuttings 
Blocked culverts under high fiiis are difficult to unblock and can be the cause of significant 
damage if water overtops the road. It is best to avoid this situation if possible. Fill slopes (see 
Figure 9.12d, page 1-23) on hill-side roads should not be steeper than about 1:2, especially if the 
pavement is placed on the fill. With most soil types it is desirable to have cut slopes flatter than 
1: 1, especially if the cutting is quite high. Some cuttings can be very wet due to weeping from the 
hillside. Small slips into the water table are common in these situations and it may be necessary 
to put in a sub-soil drain below the water table to keep the cutting dry. In unstable country, 
surface water flowing over the cut face from the hill above the cutting can result in large slump 
failures. Interceptor drains above the cutting may be required to keep it dry. Where such drains 
are required, where large volumes of earth-works are unavoidable or where retaining walls are 
required, it is advisable to seek engineering advice. 

Bridge and Culvert Design 
Where a road passes across a gully, some provision has to be made for passing flood water safely 
under or over the road. Engineering advice should be sought on the design of these structures. 
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9.2.5 Roading References 

Hudson, K. Cement Stabilisation for Farms. Golden Bay Cement Publication (pre 1996). 
Bridges, D.J. Farm Dairy Race Construction. Massey University Agricultural Research 

Foundation, Research Publication No. 10, 1986. 
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9.3 DRAINAGE 
(Contributed by A. Dakers and G.Williams) 

The benefits of drainage of agricultural and horticultural land are well understood. There can 
be significant improvement in production, extended seasons due to warmer soils in spring, 
improved soil nutrient availability, improved earthworm activity and better access for farm 
vehicles. 

Effective drainage can be as much an art as a science. Types of problems and their most 
practical solutions vary between regions, and often the best approach is to employ a drainage 
consultant who is familiar with the region. This section however, will give an overview of 
some of the more common causes of drainage problems, and discuss possible solutions. It will 
also advise on the key issues in the design of drainage systems and the important steps to take 
when planning a drainage project. 

9.3.1 Types of Drainage Problems 

The effectiveness of the installed drainage system is much dependent on the correct diagnosis 
of the cause of the problem. 

Surface 
Ponding of surface waters can be caused by an uneven land surface combined with low 
permeability soil, flooded outlets which hold the water table above the surface (such as a 
river, lake or the sea). 

Subsurface 
Subsurface drainage problems can be complex, however the main types are: 

• Basin-type free water table 
• Perched water table 
• Water table over artesian aquifer 

A basin-type free water table occurs in valleys or where hills meet flat land, and is observed as 
a wet area at the foot of the slope. The most common method for dealing with this situation is 
to construct an interception drain. This runs perpendicular to the direction of groundwater 
flow and is situated at the foot of the hill. It will often give adequate drainage for a 
considerable distance downstream. Interception drains can be of the surface or subsurface type 
as described below. 

A perched water table occurs in stratified soils where an impermeable layer is located close to 
the surface. This prevents free drainage to the groundwater below. Drilling holes through the 
impermeable layer or subsoiling are possible solutions. Another option is to use relief drains, 
which consist of drains running parallel to the direction of flow. These are preferred over 
interception drains where the groundwater flow is marginal or non-existent. 
An adequate drainage solution may be difficult to find if an artesian aquifer is causing the 
wetness. This is because any water removed is quickly replenished by the upward flow of 
water. Drainage may be achieved using deep and closely spaced drains and I or a pumped well 
that taps and reduces the pressure of the aquifer. These may be expensive alternatives. 
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9.3.2 Types of Drainage Systems 

Drainage systems can be classified as either surface or subsurface. Note the difference 
between a drainage problem and a drainage system. A surface drainage system can be used to 
remove both surface and subsurface water, whereas a subsurface drainage system primarily 
removes subsurface water. 

Surface 
Surface drainage systems include open drains, graded banks, furrows and bedding. The 
objective of these systems is to prevent surface water ponding where it is not wanted, and in 
the case of graded banks, to reduce the erosive potential of the run-off. The alternative is to 
prevent water reaching the protected area by diverting or confining it in open channels. Such 
channels are sometimes under the control of local authorities. 
Surface drains have the following characteristics: 

Productive land may be occupied by the channel 
They may present a hazard to stock 
Ongoing maintenance is necessary 
Bridges or culverts may be necessary for access 
Low installation cost (except extensive land grading) 
Useful on peat soils and coastal sands where lowering the water table is more 
important than maximising drainage 
Effective at low gradients. 

Subsurface 
Subsurface drainage systems, common in New Zealand, include the use of ceramic tiles, 
perforated plastic and I or mole drain systems. Tile and plastic pipe systems are generally used 
where the soil type is not suitable for moling. Plastic pipe systems use perforated high density 
polyethylene (HDPE) pipe. When ceramic tiles are laid in the trench the small gap between 
adjacent tiles facilitates water entry into the pipe. The pipes are located in the bottom of a 
trench and in some situations the trench is partially back-filled with gravel. The advantages of 
gravel back-fill depend on soil type, cost of the gravel and degree of soil moisture 
management required. A local drainage consultant may be worth consulting on this matter. 
Flow of water to the outlet occurs by gravity. Plastic pipe is generally less costly to install than 
clay tiles, though the tiles have a greater expected life. The choice to use one or the other may 
also depend on the equipment available to the drainage contractor. Again, the local drainage 
consultant may be able to give the best advice on the advantages and disadvantages of plastics 
and ceramics. 
Trench type subsurface drains are different to surface drains in the following ways: 

Strip-drain 

Higher installation cost 
Require reasonably stable subsoil to prevent uneven settling damaging the pipe 
Require suitable outfalls 
more difficult to maintain 
Lower annual maintenance cost. 

A more recent development in trench drainage technology is the strip-drain. These are 
rectangular in cross-section (tall and narrow) and have a plastic core wrapped in a geotextile 
filter fabric. It is claimed (1996) that strip-drain has a particularly large water entry area, and 
that the filter fabric usually eliminates the necessity for gravel backfill. Cost may be a 
prohibitive factor in its application to other than specialised situations (as at 1996). 
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Mole drain 
Where the soil type is suitable, mole drains are usually the preferred subsurface drainage 
system due to their relatively low installation cost. They are circular channels formed in the 
subsoil by the action of a mole plough. This is a torpedo shaped object on the end of a long 
blade which is drawn through the soil by a tractor with sufficient traction and power. The 
power required can be as much as 44 kW for stiff soils to 26 kW for moist soils. The factors 
affecting the effectiveness and expected life of mole drains are: 

Soil type 
Adequacy of outlets 
Length, slope, depth and spacing of moles 
Equipment used 
Cultivation frequency 
Moisture content of soil at time of moling. 

Mole drains will last for between 3 and 20 years depending on the above factors. Open 
channels, trench systems and major moles are commonly used for mole outlets. Major moles 
are larger in diameter than minor moles and hence have a higher flow capacity. Mole drains 
typically have a lower installation cost and higher maintenance cost than trench systems. 

9.3.3 Key Issues in Design and Installation of Drainage 
Systems 

9.3.3.1 Surface Drainage 
In the design of graded bank systems, important aspects are the bank capacity, spacing and 
length. The capacity is determined using Manning's formula, ensuring the velocity does not 
exceed about 1.5 m/s at bank full flow. This is then compared with estimates of runoff to 
ensure the bank capacity is adequate. For hill slopes of 5°-12°, bank spacings of 30- 50 mare 
suitable. The use of an aerial photograph (if available) may be useful in investigating trial 
spacings. The area served by a single bank should not exceed 3 ha, and the bank length should 
be less than 400 m. 

If furrows are to be constructed on hill slopes, then the horizontal spacing should not be 
more than 1 0 m. The slope should be determined in the same manner as that for graded banks. 
That is, such that the velocity does not exceed 1.5 rn/s for the given cross-section 
characteristics. 

Bedding, or humps and hollows, can offer relief from water-logged situations. Beds should 
be 10- 20m wide and 0.3- 0.5 m high. The bed lengths should be not more than 150m where 
discharge occurs in only one direction, though may be increased where outlets are located at 
both ends of the beds. Common problems with this system include the drains between the 
beds remaining wet, livestock concentrating on the ridges and impaired use of machinery due 
to the uneven surface. It is also possible if the land is very flat, that pumping the main drains 
will be necessary to keep the water level below the level of the field outlets. 

Factors to consider in the design of open drains are, depth, embankment slopes (batters) 
and bed slope. These will depend on the volume and rate of water removal, soil type and 
conditions and the natural slope of the land. The reader is referred to Bowler 1980, Chapter 7 
for further details- see Section 9.3.5. 
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9.3.3.2 Subsurface Drainage 
In a subsurface drainage system it is important that the layout of the trenches and I or moles is 
appropriate to the topography and the nature of the problem. An accurate contour map (0.3 m 
contours for flat land, 1 m for undulating land) is therefore an essential tool. Possible layouts 
include parallel, herringbone, double main and random. Parallel layouts have a single main 
line connected to the ends of the laterals. Herringbone systems have the main pipe running 
through the middle of the laterals. Double mains consist of a main line on either side of a 
watercourse and can serve a dual purpose by intercepting seepage as well as providing an 
outlet. A random layout is used when the land is undulating and has isolated wet areas. 

The design criteria for trench systems include the drainage coefficient, and the depth, 
diameter, slope and spacing of the pipe. The drainage coefficient is a factor of considerable 
importance and represents the depth of water to be drained over a 24 hour period. It is chosen 
on the basis of the intended land use, and varies from 5 - 10 mm for grassland farming to 
30 - 50 mm for playing fields, horticultural crops, orchards and special livestock areas. The 
depth of the pipe should not exceed about 2m, though should have minimum cover of0.6 m. 

The pipe sizes readily available for agricultural drainage are 75, 100, 150 and 225 mm 
diameter. The minimum gradient is dependent on the diameter of the pipe, and should be as 
shown in Table 9.5. 

Table 9.5: 

Pipe Diameter (mm) 
75 
100 
150 
225 

Minimum Gradient(%) 
0.3 

0.25 
0.2 

0.10 

The spacing of lateral pipes is dependent on the drainage coefficient, slope and the pipe size. 
Typical spacing is between 20 - 40 m. The length of the pipes is determined by the geometry 
of the area to be drained, and can be as much as 1000 m for a main line. 

Design criteria for mole drains are the soil type, depth, plug diameter, slope, spacing and 
length. The drainage coefficient is not applicable. For effective mole drainage, it is important 
that at moling depth, the soil has at least 40 % clay and not more than 20 % sand. The soil 
should also be free of stones and sand pockets. If there is a local drainage consultant, he or she 
will be able to advise on the suitability oflocal soils for mole drainage. The preferred depth of 
moling is usually between 0.5- 0.7 m. Deeper moles require more power to draw, though they 
increase the resistance to damage by frost, drought and cultivation. The most common plug 
size in New Zealand is 75 mm with 100 mm for major moles. Ifthe depth ofmoling is less 
than about 450 mm a smaller plug should be used. Moles as shallow as 300 mm should not 
exceed 35 mm in diameter. The slope of the mole drain should be 2- 3% if possible, with 
5% a safe maximum. At these slopes, lengths of up to 100m are possible. However, if the 
gradient is very low or high then lengths should be reduced accordingly. This can be achieved 
using pipelines at the required intervals running perpendicular to the mole drains. 

Connection between the mole drain and the pipe is accomplished by moling through the 
gravel backfill in the trenches. The spacing between mole drains should be 2 - 3 m. At 2 m 
spacing, the adjacent fracture patterns resulting from ploughing converge, maximising the 
opportunity for water to reach the mole drain. 

Another important factor affecting the life of the mole drain is the moisture content of the 
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soil at the time of moling. Late spring to early summer is usually the best time to mole, when 
the surface is dry enough to provide sufficient traction, and the subsoil is moist enough to be 
easily moulded. Dry weather following mole ploughing is advantageous as it has a 'baking' 
effect on the channel. 

9.3.4 Steps in the Drainage Project 

1. Identify source of wetness problem; 

2. Prepare topographic map (0.3 m contours for flat land, 1 m for undulating land); 

3. Inspect soil profile especially where changes in soil type or subsurface obstructions are 
suspected; 

4. Planning stage - this should consider the degree of drainage required for the intended 
land use, finances available, future cropping programs and livestock numbers, and any 
other proposed activities which may affect the desirability of a certain type of drainage 
system. The timing of the project should also be considered. It is usually undesirable to 
carry out earthworks or trenching in waterlogged conditions. Works should be 
completed as quickly as possible to minimise the likelihood of bad weather creating 
adverse effects. With subsurface drains, it is important that the system is designed by a 
competent and experienced drainage person. The contractor should also be experienced, 
have good equipment and be able to: 

Maintain good grade control during installation. 
Ensure that the outlets are carefully installed. 
Ensure that gravel backfill and filter fabric (if required) are carefully installed. 

With surface drains, final smoothing (where applicable) should be carried out by a 
grader type machine rather than a bulldozer, as this will give a better finish. 

5. Record plans. The accurate identification of trench lines on aerial photographs, maps or 
sketches is important for future reference. This is especially so if ownership or 
management personnel are likely to change. 

9.3.5 Drainage References 

Bowler D, 1980, The Drainage of Wet Soils. Hodder and Stoughton, Auckland. 259 pp. 
Hudson A, Hopewell H, Bowler D, Cross M, 1962, The Draining of Farm Lands. Massey 

College, Palmerston North. 319 pp. (No longer in print. Available from the Lincoln 
University Library, through interloan from your local public library). 
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9.4 IRRIGATION 

9.4.1 

(Revised by G. Williams and A. Dakers) 

Units of Measurement used in Irrigation 
(See also Section 1 0) 

The unit for depth of irrigation is the millimetre. 1 mm (depth) = 1 litre/m2 = 10 m3 /ha. 

The hourly rate of application and infiltration should be in millimetres per hour 
(1 mmlh = 1 litre/m2/h). 

9.4.2 Irrigation Scheduling 

9.4.2.1 Introduction 
It is important to schedule irrigation effectively to maximise yields and use water efficiently. 
Under-watering causes yield loss through water stress, and over-watering may cause problems 
such as water-logging or, in light soils, fertiliser leaching. 

The best approach is to schedule irrigations on the basis of crop or pasture need. This can 
be done by monitoring soil moisture deficits (SMD), by either maintaining a water budget or 
measuring them directly with a neutron probe or other device. The results of this can be 
combined with a knowledge of the soil water holding characteristics to decide: 

• How much water should be applied. 
• When a paddock should be irrigated. 

9.4.2.2 How Much Waterto Apply 
The amount of water that should be applied each irrigation depends on the water holding 
characteristics of the soil. Soils vary greatly in their total water holding capacities. For 
example, at field capacity heavy clay soils may hold over 35% of water by volume while 
sandy soils may only hold about 20 %. However, there is much less variation in the amount of 
water which is effectively 'plant available'. Most soils hold somewhere between 150 and 230 
mm of plant available water per metre of depth (see Table 9.6, over page). 

More important than the available water holding capacity per metre depth, is the 'plant 
available water'. This is found from the values in Table 9. 6 by summing the appropriate 
values over the effective root depth. Plant rooting depths are variable, and depend on soil, 
environmental and management factors. However, typical rooting depths for a range of crops 
are given in Table 9. 7, page I-33. Ifrooting is restricted, by a pan for example, then rooting 
depths will be less. This can only be determined by digging a hole and inspecting the soil 
profile. 
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Table 9.6: Average Plant Available Water Holding Capacity of Soils of Various Textural 
Classes (Source: NZS 5103: 1973) 

Textural class 

Sand 
Loamy sand 
Sandy loam 
Fine sandy loam 
Silt loam 
Clay loam 
Clay 
Peat 

Available water holding capacity (mm per metre depth) 

Down to 0.3 m depth Below 0.3 m depth 

150 50 
180 110 
230 150 
220 150 
220 150 
180 110 
175 110 

200-250 200- 250 (at least) 

Note 1: Before Table 9.6 is applied to the soils of a farm, a number of earth auger test 
holes should be made to determine variations in the depth and textural class of the soil 
within the effective crop root depth. 

Note 2: Where detailed determination of the available water-holding capacities of soils 
have been made, those values should be used in place of Table 9. 6. 

Using Table 9. 6 (above) and Table 9. 7 (over page), it is possible to calculate the plant 
available water. For example, if the soil is a fine sandy loam, and the crop is Barley (assuming 
1.0 m rooting depth), then the plant available water (A W) is determined as follows: 

(Top 0.3 m) 

(Remaining 0.7 m) 

A w = 220 X 0.3 = 66 

AW= 150x0.7 = 105 

Total AW = 171 mm 

Irrigation should start when the soil moisture content reaches the management allowable 
deficit (MAD). The MAD is the soil moisture deficit after which some drought stress will be 
experienced by the plant. Its value depends on the sensitivity of the crop to water stress and 
varies from 15% to 80% of the available water, A W. Advice on a suitable value for the 
MAD may be sought from a local consultant or farm advisory officer. For simplicity it is 
often taken as 50 %which is acceptable in many cases. This means that water should be 
applied when half of the plant available water has been depleted (this will be before visible 
signs of stress occur). 

The amount to apply will depend on the likelihood of rain in the days following irrigation. 
It is common practice to return the soil to just below field capacity*, as this allows the benefits 
of rain to be gained even if it occurs the day after irrigation. To return the soil to field capacity 
the depth of water applied should correspond to half the plant available water. For the 
example above, this would correspond to 171 + 2 = 86 mm. This is called the net depth (Dn) 
of irrigation. If rain is at all likely then less than this figure should be applied. This is a matter 
of judgement as it is impossible to know how many millimetres (if any) will fall. It is not good 
practice to delay irrigation in the hope of rain, as this will certainly result in yield losses. 

* Field Capacity is the soil moisture content after the soil has been fully saturated and 
allowed to drain freely under gravity for 24 hours. It corresponds to zero SMD. The root 
zone of the soil will be at field capacity about one day after a significant rainfall. 
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Table 9.7: Ranges of Effective Crop Root Depth Under Irrigation with Unimpeded Growth. (Source: NZS 5103: 1973) 

Field Root Depth Pasture and Root Depth Vegetables Root Depth 
Crops (m) Fodder Crops (m) (m) 

Barley 0.91 - 1.1 Choumoellier 0.46- 0.61 Beans 0.46- 0.61 

Maize 0.61 - 0.91 Fodder beet 0.46- 0.61 Peas 0.46- 0.61 

Oats 0.61 - 0.76 Lucerne 1.22- 1.83 Potatoes 0.61 - 0.91 

Sorghum 0.61 - 0.91 Millet (fodder) 0.31-0.61 Radish 0.31 

(grain & sweet) 

Wheat 0.76- 1.1 Pasture (annual & 0.31-0.76 Swedes 0.61 - 0.91 
peren11ial) 

Rape 0.46- 0.61 Tomatoes 0.61 - 1.22 

Sorghum alum 0.91 - 1.22 Turnips (white) 0.31 - 0.61 

Note 1: A soil auger test should be used to determine depth of soil available for growing the crop. This could be obtained at the 
same time as the information was gathered/or Note 1 ofTable 9.6. 

Note 2: Root depths should be selected on the basis of the characteristics of the soil to be irrigated. In general, the smaller 
values should be used in lighter soils, and the larger values should be used in heavier soils. 

Note 3: Where detailed determinations of the root depths have been made, those values should be used in place of Table 9. 7. 



Another factor to consider in irrigation scheduling is the application efficiency of the irrigator. 
This is the percentage of the water applied which reaches the root zone and becomes 'plant 
available'. For sprinkler irrigation systems, efficiencies within the range 80 to 90 per cent can 
be achieved with good equipment which is used correctly (see Table 9.8). 

Table 9.8: Efficiency of Application for Various Irrigation Methods 

Method of Application 

Trickle: 

Spray: 
Night watering 
Average day watering 
Day watering in hot, windy weather 

Control flooding: 
Border check 
Border ditch (dyke) 
Contour check 

Semi-controlled flooding: 
Contour ditch 
Keyline system 
Wild flooding, little or no land 
preparation and no spreader banks 

Application Efficiency (%) 

100 

90 
80 
60 

75 
70 
75 

60 
65 
50 

The net depth of irrigation should be suitably increased to allow for this inefficiency. The 
increased value is called the gross depth (Dg), and is the amount of water which must be 
applied to the field. For example, if the net depth is 86 mm and the sprinkler application 
efficiency is 70% then the gross depth is 86 + 0.7 = 123 mm. 

9.4.2.3 When to Irrigate 
The time it takes for the soil to reach the MAD depends on how much water has been lost by 
evapotranspiration (Et) and gained by rainfall and irrigation since the soil was last at field 
capacity. A water budget can be maintained by monitoring these gains and losses to predict 
when a field will next need irrigating. This approach is less accurate than that of a commercial 
irrigation scheduling service, however in their absence, or if cost is prohibitive, then the water 
budget method is better than no method at all. 

The actual daily evapotranspiration from a given crop (Etcrop ) at a particular time is 
dependent on the stage of growth of the crop, the soil moisture and the weather conditions. It 
changes when any of these factors change, and can be estimated from evapotranspiration data 
published daily in a number of regional newspapers, or alternatively from average monthly 
data in Section 11. This estimation is not a simple process, however with practice it will 
become more familiar. The applicable formula is: 

Etcrop = Kc X PET (equation 1) 

where PET is the potential evapotranspiration from the crop and Kc is the crop factor. The· 
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crop factor generally changes as the crop matures from a low value in the beginning of the 
season, to a high value in mid-season, and then reduces somewhat towards the end of the 
season. The mid season values for a range of crops are given in Table 9. 9 (below). These will 
give the maximum likely Et for the crop. For the early and latter parts of the season, Kc should 
be reduced to a value appropriate to the crop. Early in the season, values should range from 
Kc = 0.2 - 0.6, while late in the season Kc should be reduced from their mid-season values by 
10% (for say green beans) to 80% (for, say, dry beans). For a more detailed coverage the 
reader is referred to FAO 1977 (see Section 9.4.4), otherwise it is suggested that visual 
inspections of the soil and subsoil are carried out on a regular basis to assess soil moisture (see 
Table 9.10 over page - includes visual inspection criteria). 

Table 9.9: Mid-Season Crop Factors, Kc, for a Range of Crops and Climate Conditions 
(adapted from FAO 1977). 

Crop 
Humidity: Rhmin > 70% Rhmin <20% 

Wind (mls): 0-5 5-8 0-5 5-8 

Barley !.05 1.1 !.15 !.2 
Beans (green) 0.95 0.95 !.0 !.05 
Carrots !.0 !.05 1.1 1.15 
Celery 1.0 !.05 1.1 1.15 
Com (sweet) !.05 1.1 1.15 !.2 
Com (grain) !.05 1.1 1.15 !.2 
Brassicas (cabbage, cauliflower, 0.95 !.0 !.05 1.1 
broccoli, brussels sprouts) 
Grain !.05 1.1 1.15 !.2 
Lentil !.05 1.1 1.15 1.2 
Lettuce 0.95 0.95 !.0 1.05 
Oats 1.05 1.1 1.15 1.2 
Onion (dry) 0.95 0.95 1.05 !.1 
Onion (green) 0.95 0.95 1.0 1.05 
Peas 1.05 1.1 1.15 1.2 
Potato 1.05 1.1 1.15 1.2 
Radish 0.8 0.8 0.85 0.9 
Soybeans 1.0 1.05 1.1 1.15 
Sugarbeet 1.05 1.1 1.15 1.2 
Tomato 1.05 1.1 1.2 1.25 
Wheat 1.05 !.1 !.15 1.2 

The water budget should be calculated daily. This involves starting with the soil at field 
capacity (the day after a significant rainfall), and each day subtracting the millimetres ofEtcrop 
and adding the millimetres of rainfall (if any). When doing this it should be borne in mind that 
the SMD is always either zero or a positive number. Further, the deficit can not exceed the 
potential plant available water for the root zone. The root zone is analogous to a bucket. Once 
the bucket is empty it can not become more empty. Similarly once it is full (i.e., SMD = 0), it 
can not become more full, rather it overflows (either through runoff or drainage). Water 
should then be applied when the water budget indicates the MAD has been reached. 
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Table 9.10: 'Feel' Test for Soil Moisture 
(Source: NZS 5103: 1973) 

Available Loamy sands and sandy foams Very fine sandy loam and silt loam Silty clay foams and clay foams 
moisture (coarse textured) (medium textured) (fine textured) 
remaining (%) 

0-25 Dry, loose, flows through fingers. Powdery, sometimes slightly crusted, but Hard, baked, cracked, difficult to break 
easily broken down into a powdery down into powdery condition. 
condition. 

25-50 Appears to be dry, will not form Somewhat crumbly but holds together Somewhat pliable, balls under pressure. 
a ball with pressure. with pressure. 

50- 75 Tends to ball under pressure, but Forms a ball, somewhat plastic, sticks Forms a ball, ribbons out between 
seldom holds together when slightly with pressure. thumb and forefinger, has a slick 
bounced in hand. feeling. 

75- 100 Forms a weak ball, breakseasily Forms a very pliable ball, sticks readily. Easily ribbons out between thumb and 
when bounced in hand, will not forefinger, has a slick feeling. 
stick. 

100 Upon squeezing no free water Same as sandy loam. Same as sandy loam. 
(at field appears on soil, but wet outline 
capacity) of ball is left on hand. Soil sticks 

to thumb when rolled. between 
thumb and forefinger. 

Saturated Free water appears on soil when Same as sandy loam Same as sandy loam 
squeezed. 

Note: It is important that the hole is dug deeper than the root depth so an indication of the subsoil moisture content can be gained. If the 
subsoil remains wet all season it is likely that too much water has been applied. 



For planning purposes, it is convenient to calculate the irrigation return period. This is the 
number of days, on average, it will take the soil to reach the MAD at a given time of year and 
stage of crop development. It does not take into account any rainfall that might occur. The 
return period is given by: 

RT = Dn 
Etcrop 

(equation 2) 

where RT is the return period in days, Dn is the net application depth in millimetres (discussed 
in the previous section) and Etcrop is the expected crop evapotranspiration, in mm/day, 
(discussed earlier in this section). 

9.4.2.4 Rate of Application 
Application rate should be varied according to the infiltration rate of the soil, the average 
slope of the irrigated area, the amount of plant cover, the soil surface characteristics and the 
total volume to be applied (see Table 9.11 below). Failure to do so may result in surface water 
ponding and subsequent run-off. 

Table 9.11: Estimated Maximum Water Application Rates (in mm per hour) 
(Source: NZS 5103: 1973) 

Soil Groups Based on Texture Slopes * Slopes ** Slopes *** 

and Profile 0-8° 9°-12.5° over 12.5° 

Sands and light sandy loams uniform in 31.8 
texture. 

Sandy loams overlaying a heavier subsoil. 20.3 
Medium loams to sandy clays over a heavier 16.5 

subsoil. 
Clay loams over a clay subsoil. 12.7 
Silt 1oams and silt clays. 10.2 
Clays. 6.4 
Peat. 16.5 

0° - go slope - level to undulating. 
** 9°- 12.5° slope- undulating to low hills. 
***over 12.5° slope -low to steep hills. 

Note I: The above figures are intended for guidance only. 

25.4 20.3 

16.5 12.7 
12.7 10.2 

10.2 7.6 
7.6 5.1 
5.1 3.8 

Note 2: For bare soil, such as under-tree watering of orchards and watering of 
vegetables, the above rates shall be reduced by up to 50 percent (to avoid soil loss or 
damage to structure). 
Note 3: Lighter application rates should be used when pastures and crops are being 
established. 

For flood irrigation, the amount applied per watering, rather than application rate, will 
determine the area which can be watered in the irrigation cycle from a given water supply or 
with a given size of pumping plant. This is because infiltration rates are relatively high in the 
initial stages of application, but as watering continues, a more or less steady, much lower, rate 
of infiltration occurs. Thus, for a particular soil, it may take one hour to apply 25 mm but 
three or four hours to apply 50 mm. 
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9.4.2.5 Summary and Worked Example 
1. Determine I calculate the potential amount of plant available water for each soil and crop 

combination. It is necessary to know the soil type, soil depth and the probable crop 
rooting depth. 

2. Calculate the net and gross application depth. 
3. Monitor the SMD by either maintaining a water budget or measuring it directly with a 

neutron probe or other device. 
4. Irrigate when the SMD reaches the point where half of the 'plant available' water has gone 

from the root zone. 
5. Apply enough water to bring the SMD close to zero. This is slightly less than the gross 

application depth (as long as the soil has not been allowed to dry out past the MAD). 

Worked Example 
A barley crop was planted near Christchurch in November. The soil is a fine sandy loam with 
no restriction to rooting depth, and the land is flat. 35 mm ofrain fell in the days preceding 
Dec 20, and inspection showed this brought the soil within the root zone up to field capacity. 
The wind is typically strong and the relative humidity less than 20 %. On December 24, 
10 mm ofrain fell of which only 7 mm entered the soil and became 'plant available'. From 
the earlier example it can be assumed that there is 86 mm of water available to the plant 
(assuming soil is at Field Capacity) before MAD is met. Thus the net and gross application 
depths are 86 mm and 123 mm respectively. Compute a daily water budget and determine 
when irrigation will be required next if no more rain falls after December 24. Determine also 
the irrigation time that will be required if runoff is to be prevented. 
Solution 
From Table 9.9, (page I-35) the crop factor Kc for Barley at this stage of development is 1.2. 
The average monthly potential evapotranspiration for Christchurch in December is 14 7 mm, 
or 4.74 mm per day. A table can now be used to perform the water budget, using equation 1 to 
determine Etcrop· This method lends itself to a computer spreadsheet if one is available. 

Date PET Etcrop Effective Effective SMD 
(mm) (mm) • Irrigation • (mm) Rainfall 

(mm) (mm) 

20112 4.74 5.7 0 0 0 
21/12 4.74 5.7 0 0 5.7 
22/12 4.74 5.7 0 0 11.4 
23112 4.74 5.7 0 0 17.1 
24/12 4.74 5.7 7 0 15.8 
25/12 4.74 5.7 0 0 21.5 
000 000 000 000 ... 000 

4/1 4.74 5.7 0 0 78.5 
5/1 4.74 5.7 0 0 84.2 
6/1 4.74 5.7 0 Irrigate 0 

* The term 'effective' refers to the fraction of total rainfall or irrigation which 
becomes 'plant available '. 

If there is no more rain after December 24, irrigation should be applied on January 6 as this is 
when the SMD will reach 50% of the plant available water. The depth of irrigation should be 
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equal to, or slightly less than, the gross depth (123 mm). From Table 9.1 1, (page I-37), the 
water should be applied at a rate of 31.8 mm/hr. If, say, 120 mm is to be applied, then the 
duration ofthe irrigation is 120 + 31.8 = 3.77 hrs (3 hrs 46 mins). 

Points to Remember 
• Daily published PET values are better than monthly average data (if they are available). 
• If 120 mm of water is applied to the crop by a 70% efficient sprinkler, only 84 mm will 

become 'plant available'. Similarly rainfall is never 100% effective. Typically 70% to 
80 % of rainfall will become plant available. 

• On rainy days the evapotranspiration from the crop will not be as high as it is on hot 
sunny days, nor will it be zero. If monthly average data are being used in the water 
balance then allowance should not be made for cold or rainy days. 

• The SMD can only lie between zero and the value of the potential plant available water 
for the root zone. 

• The results of the water balance method are estimates only, and regular measurements or 
inspections ofthe soil moisture are necessary. 

9.4.3 Irrigation Methods 

There are three basic methods of irrigation: 
Flood irrigation - border dyke, contour ditch, controlled flooding. 

• Sprinkler irrrigation. 
• Trickle irrigation. 

9.4.3.1 Border-Dyke Systems 
Border-dyke irrigation involves strips of land separated by parallel borders. The strips are 
constructed with a downward slope, though are as level as possible in cross-section. Water is 
applied at the upper end using sills in the bank of an irrigation ditch. It then flows down the 
strips towards a 'wipe-off or drainage ditch located at the end. Critical factors in the design of 
border-dyke systems include the soil characteristics, as well as the length, width, depth and 
slope of the strips. For efficient use of water, these factors have to be considered along with 
the discharge flow rate and duration. Some advantages I disadvantages of border-dyke 
systems are: 

• Accurate land grading is essential and can be costly depending on the existing 
topography. 

• High flow rate water supplies are required. 
• Low application efficiencies can occur in the early part of the season when light 

applications are required. 
Field trials and expert advice may be necessary to optimise application efficiency. 
Well set-up systems with semi-automated drop gates can achieve low labour 
requirements. 

9.4.3.2 Sprinkler Irrigation 
There are many kinds of sprinkler irrigation systems available; their labour and pressure 
requirements vary greatly as do their capital costs. In the following check-list, labour 
requirements generally decrease, while capital costs increase: 

• handshift (cheapest and highest labour); 
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• end-tow; 
• travelling gun; 
• side-roll (and travelling side-roll); 
• travelling, rotating boom; 
• travelling linear boom; 
• centre pivot (most expensive and lowest labour). 

Detailed technical information is generally available from manufacturers and suppliers. Some 
data for travelling irrigators (as at 1995) are given in Table 9.13 (over page). 

There are a number of factors to consider when selecting an irrigator: 

Uniformity of Application 
Design factors 

External factors 

System Capacity 

- elevation change over the field; 
- distribution pattern of the sprinkler (defined by 

Christiansen's Uniformity Coefficient (Cu); 
- degree of overlap. 
- wind; 
- slope of land. 

The system should have sufficient capacity to supply the required gross depth of water ove 
the design area within the required time. Either the water supply or the irrigator could limit the 
system capacity. 

Application Rate 
The application rate of the irrigator should correspond to the infiltration rate of the soil. 
Discharge (1/s), wetted area (m2) and travelling speed should all be considered. 

Pump Requirements 
The pump should be capable of meeting the flow rate and pressure requirements of the 
sprinkler. The power usage (and hence operating cost) will go up as either of these increase. 

Other Considerations 
- Labour requirements. 
- Operation and maintenance requirements. 
- Suitability for land form and intended land use. 
- Effect on soil compaction. 

Typical characteristics of some sprinkler irrigators are as follows (as at 1995) 
• Big Gun - Easily affected by wind. High pressure requirement. 
• Omme- No winch. Follows hose around curves. Three speeds. 
• Roto-Rainer- Big droplet size. Travel geared to rotating boom. Good for pasture. 

Turbo-Rainer - Low pressure, high application rate. Requires smaller main line. Least 
wind affected. 

• Fixed Boom LHW - Piston driven. Even speed travel. 

9.4.3.3 Horticulturallrrigation 
Horticultural systems are generally permanent set systems using mini and micro sprinklers and 
jets or drip or trickle emitters. 

Trickle Irrigation 
Trickle irrigation is a simple, efficient method of delivering water to plants. Horticultural 
crops and shelter belts are most suited to trickle irrigation (continued on page 1-42). 
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Table 9.13: Information on Selected Travelling Irrigators (as at 1995) 

Big Gun Omme Roto-Rainer Turbo-Rainer Fixed Boom LHW 

Range of crops All All All All All 

Output (litre/sec) 10-44 11 - 23 7-42 up to 40 up to 40 

Sprinkler Pressure (kPa) 400-600 300- 400 200-280 70 280 

(PSI) 60- 90 45-60 30- 40 10 40 

Area per 400 m run (ha) 2.5-4 up to 3 1.2-4 2.8-3.6 4 

Run width (metre) 60- 100 75 60- 100 70-90 100 

Gross application (mm) 33-90 40-65 up to 90 5-95 30-90 

Labour per shift 1/2 hour 112 hour 1/2- 1 hour 1 hour 1/2- 1 hour 

Tractor required yes yes yes yes yes 
..,.. Boom operation fixed rotating fixed fixed 

Ground wheels travel on wet or dry dry wet dry 



-----

Advantages of Trickle Irrigation: 
- Permanent system. 
- Low labour input in operation. 
- Efficient use of water, provided management is correct. Able to maintain a high degree 

of control on water application. Water stress should not be experienced. 
- Generally lower pressures are required, and a smaller water source may be used. 
- Can apply soluble nutrients ('fertigation') and pesticides through these systems. 

Disadvantages: 
- Filtration is necessary and may be difficult in some areas; 
- Over-watering may occur unless system is carefully monitored. 

Almost any water source is suitable for trickle irrigation as the system works on lower flow 
rates than conventional. The pressure frequently required may vary from l to 40 m head ( l 0 to 
400 kPa) although 6 to 12m head (60 to 120 kPa) is recommended. Blockages occur easily in 
small microtubes and suitable filters should be incorporated. Microtube and drippers have 
small holes to control water flow which tend to block up. When pumping from a dam site the 
pump intake should be kept well clear of the bottom, yet fairly deep to avoid weed and algae. 
Minimum filtration would be in a line strainer ofB.S.lOO mesh (150 microns); for algae 
B.S.50 mesh (300 microns). 

Sub-main or header pipes are usually 38- 50 mm commercial grade, low density, 
polythene pipes; but smaller dimensions are suitable in some circumstances. P.V.C. header 
pipes may also be used. Laterals -thin walled polythene pipes l 0, 13 or 16 mm in diameter. 
They are normally laid out on top of the ground so 'drippers' or 'whiskers' can be easily 
checked. 
Watering Rate: The actual rate varies according to climate and the physical properties of the soil 
and the property layout. For berryfruits and small shrubs !litre/hour is often adequate and for 
larger trees and shrubs 4.5 litres/hour. 
Water Distribution: Trickle irrigation in New Zealand is supplementary to natural rainfall, 
therefore, distribution to the rooting zone is not as important. However, as much of the rooting 
area as possible should be watered. 

Daily Water Requirements 
Total daily water intake depends on plant size and the level of evapotranspiration. 
Approximately 3.5 litres per square metre of foliage per day is the peak water requirement 
during December, January and February. For example, a tree covering an area of 14 square 
metres will require 49 litres/day as a peak requirement. These figures are an approximate 
guide. 

9.4.4 Irrigation References 

FAO. 1977. Crop Water Requirements. Publication No. 24. Food and Agricultural 
Organisation of UN. (Available from the Lincoln University Library). 

M.A.F. Aglink FPP 89, 1984. Irrigation Management: Water Budgeting for Surface Irrigation. 
FPP 274, 1984. Irrigation Management: Water Budgeting for Spray Irrigation. 

(Copies of the "Aglinks" are available from the Lincoln University Library through 
interloan from your local public library). 
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9.5 WATER SUPPLY 
(Revised by A.J. Dakers, 1995) 

9.5.1 Water Requirement 

Average Rates of Demand 
Average consumption figures (see Section 9.5.2,) may be used as a basis for preliminary planning. 
They may also be used to calculate time patterns of demand for the design of minor storages, 
provided that these time patterns are computed for the appropriate critical storage period. 
Peak Rates of Demand 
Peak consumption figures (see Section 9. 5. 4) should be used for the design of pumps, distribution 
systems, and spray irrigation layouts. They should not be used for storage design, except in the 
case of trickle-inflow storages for irrigation use. 
Quantity and Time Patterns 
In storage design, the use of average consumption figures for estimating reservoir demand may 
lead to under-design, particularly if the critical storage period is more than one year and includes 
two summers. A quantity-and-time pattern of demand must therefore be calculated. This is 
particularly important in the design of major irrigation storages, for which a detailed monthly 
analysis of irrigation requirements over a critical storage period of known severity is essential. 

9.5.2 Average Water Requirements for Farm Water Supply 

9.5.2.1 Average Daily Stock Water Requirements 
Investigations carried out in New Zealand and overseas have resulted in the publication of 
observed rates of water consumption by livestock. Because of the nature of the factors 
influencing stock water consumption, there exists quite a divergence of opinion on this matter. 
The following figures are put forward as a reasonable basis for design: 

Litres/head - day 
Dairy cattle - in lactation 

-dry 
Beef cattle 
Calves 
Horses -working 

-grazing 
Breeding ewes 
Sows 
Pigs 
Poultry - per 1 00 birds per day 
Turkeys - per 100 birds per day 

9.5.2.2 Average Daily Domestic Consumption 
The following figures are suggested as reasonable (1995): 

Household use including septic system- 180 litres /person/day. 
Household use excluding septic system- 135 litres /person/day. 
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45 
45 
25 
55 
35 
3 

25 
11 
30 
55 



9.5.2.3 Average Daily Garden Consumption 
(To be used for the design of pumping and reticulation equipment). 
Lawns and gardens for the growing of flowers, fruit and vegetables are an essential part of every 
farm homestead and require much larger quantities of water than are used in the house. The 
quantity of water likely to be used each day on the house garden can be obtained by relating the 
consumption to the evapotranspiration as given in the expression: 

c = 9000 X Et 

Where C = likely consumption in litres per day per hectare. 
Et = daily evapotranspiration (mm) for pasture for the month of January 

(on average- see Section 11). 

(In deriving this relationship it was assumed that the irrigation equipment is about 90 % efficient 
and the quantity of water used on the average house garden would be only 80% of the 
evapotranspiration for completely vegetated surfaces having a plentiful supply of water.) 

In view of the quantity of water used on a house garden it is most essential that the area of the 
garden to be watered is carefully measured. 

9.5.2.4 Average Consumption on General Farming Activities (1995) 

Dairy Shed: Cooling, cleaning of equipment and washing down of bails and other areas - 70 
litres per cow per day. 

Sheep Dip: Spray Dip - 1.6 litres per sheep for sheep two weeks off shears. 
- 2.5 litres per sheep for sheep 2 - 6 weeks off shears. 
- 5 to 7 litres per sheep for sheep over six weeks off shears (capacity 

of sump 1000 to 2000 litres ). 
Fire Fighting: 1210 litres per 10 square metres of buildings. 

9.5.3 long Term Demands in Stock and Domestic Supplies 

9.5.3.1 Long Term Storage Capacity 
If the supply comes from a darn there must be sufficient capacity to meet the stock and domestic 
requirements for the longest period between replenishment from surface run-off. For most of 
New Zealand it can be assumed that the dam will be replenished once a year. The average daily 
consumption of water in the house is more or less constant throughout this period, as is to a 
certain extent, the consumption of water in general farming activities. Consumption of water by 
livestock will vary to some extent because of changes in climatic conditions and the ages of the 
animals. It is suggested, therefore, that the long term requirements for stock be determined on 
the basis that the daily consumption for the period between replenishments is 75 - 80% of the 
average daily requirements in the case of sheep and 80- 85 %in the case of other stock (see 
above). 

The quantity of water used on the house garden over any period extending beyond several 
months and in different localities varies between wide limits. A greatly exaggerated figure 
would be obtained for the long term demand if the estimated consumption for the period 
between replenishments is based solely on an average daily consumption. It is considered 
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therefore that the actual quantity of water needed to produce satisfactory growth of the garden 
during the growing period should be determined having regard to location and rainfall and this 
can be done by using the expression: 

c = 10 000 X (0. 8 X Et - 0. 7 5 X R) + E 

where C = likely total consumption in litres per hectare for the growing season. 
Et = likely total evapotranspiration* during the growing season (on average). 
R = likely total rainfall* during the growing season (on average) for the locality. 
E = irrigation efficiency (ranges from 1 for trickle irrigation to 0.7 for rotating 

overhead sprinklers) 
(*Note: For average evapotranspiration and rainfall figures for various districts 

ofNew Zealand- see Section 11). 

9.5.3.2 Storage Provision of Tanks and Dams filled by Pumping or 
Gravity from a Supply 

For windmill operated pumps, three to five days storage provision is required. 
For pumps operated by other forms of power, the storage to be provided in case of 

breakdown depends mainly on the interruption that the breakdown will cause to stock watering. 
If other water supplies are available and stock can be moved to these supplies without great 
inconvenience then no storage is necessary. On the other hand if no alternative supply exists, at 
least two days supply should be kept in storage. This storage should be isolated from the main 
supply because often the breakdown is not noticed until all storage in the system is used and the 
troughs are dry. 
Pumping Rates for Filling Storages from Supply 
To determine the pumping rate to replenish a storage tank or dam, consideration should be given 
to: 

• Type of pumping equipment to be used; 
• Nature of the supply, especially where withdrawal rates could approach low flows; 
• Accessibility of pumping equipment; 
• Possibility of using off-peak power at special rates. 

The following points are listed for design purposes and as a general guide: 
• For trunk mains to storage reservoirs, tanks, etc., by power driven pump, discharge rate 

to be based upon filling storage in approximately 12 hours. However, in the case of an 
electrically operated pump and a large storage tank there is no reason why a pumping 
period of 24 hours cannot be used. 

• For trunk mains to storage reservoirs, tanks etc. by windmill driven pump, minimum 
discharge litre/hour is equal to 10- 12.5% of the total daily demand in litres depending 
upon make of mill. 

9.5.4 Peak Water Requirements for Farm Water Supply 

Maximum Rates of Consumption for Domestic and Stock Purposes 

Household Supplies (1995) 
To calculate the maximum flow rate to a house it is first necessary to list all the outlet points in 
the house and then to make a rational estimation of how many of these points are likely to be 
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used simultaneously during peak periods. 
The discharges of various outlet points within a household are as follows: 

Shower, bath, laundry 5 to 15 litres/minute 
Toilet cistern 5 to 7 litres/minute 
Kitchen sink 10 to 12litres/minute 

For example, in a household of two adults and two children, it would be reasonable to assume 
that in the early evening the bath, kitchen sink and toilet cistern could be in use simultaneously, 
hence the total flow could be: 

Bath 14 litres/minute 
Toilet 
Kitchen Sink 

Stock Supplies 

7 litres/minute 
lllitres/minute 
32litres/minute 

The lack of definite information on stock drinking habits makes any estimate of peak rate of 
demand to stock supply points open to argument. 

It is suggested that peak demands be determined on the basis that the average daily 
consumption is used on a period three to four hours in case of set-stocking in large area 
paddocks and 10 to 12 hours for intensive stocking on small sub-division paddocks. 

General Farm Supplies 
Suggested values for the maximum rates at which water will be used in general farming 
activities are outlined below: (as at 1995) 

Dairy - cup washing 10 litres/min 
- washing down (high pressure) 90 to 1 00 litres/min 

Fire-fighting 100 to 150 litres/min at a head of25 to 35m. 

Garden Supplies 
The maximum rate at which water is used on a house garden depends mainly upon the size of 
the garden. Most house gardens today are watered by garden sprinkler. A typical garden 
sprinkler on a 13 mm garden hose has a flow rate of approximately 15 litres/minute. For a very 
large garden it may be necessary to operate two sprinklers simultaneously, hence the required 
flow rate would then be 30 litres/minute. 

9.5.5 Working Lives for Farm Water Supply Equipment 

Structures 
Wells and bores 
Windmill 
Pumphouse or shed 

Pumps 
Deep-well turbine pump 

Centrifugal pump 
Low lift, high discharge, axial flow pump 

I- 46 

25 years 
20 years 
20 years 

Bowl, 16 000 hours or eight years 
Column etc., 32 000 hours or 16 years 
30 000 hours or 15 years 
30 000 hours or 15 years 



Motors 
Electric motor 
Diesel engine, 900 rpm or more 
Diesel engine less than 600 rpm 
Petrol engine air cooled 
Petrol engine water cooled, 1200 rpm or more 
Petrol engine water cooled, less than1200 rpm 

Miscellaneous 
Asbestos-cement pipeline 
Aluminium sprinkler line 
Galvanised sprinkler line 
Sprinkler head 
Earth irrigation ditches 
Concrete irrigation ditches 
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50 000 hours or 25 years 
28 000 hours or 14 years 
30 000 hours or 15 years 
8 000 hours or four years 
28 000 hours or 14 years 
40 000 hours or 20 years 

20 years 
15 years 
15 years 
8 years 
15 years 
20 years 



9. 6 STRUCTURES AND STORAGE 
(Revised by L.A. Bellamy, 1995) 

9.6.1 Dimensional Data for Design of Farm Structures 

Data on dimensions of equipment, products, animals and crops which are to be contained or 
operated on are fundamental to the design and layout of a structure. In using the data in Table 
9.14 it should be recognised that variations occur due to different management practices and that 
values given should be treated as guidelines only. 

Table 9.14: Dimensional Data for Design of Farm Structures 

A. Livestock Space 

Sheep - holding paddock 
- holding yard (adult, full wool) 
- catching and main pens in woolshed 
- counting out pens 

Cattle - holding/forcing yard for 100-300 kg 
- holding/forcing yard for 300-550 kg 
- holding/forcing yard for >550 kg 
- hard surfaced loafing area for cows: 

intermittent use 
continuous use 

- calfsheds 

B. Equipment Space Length Width 

Small (1 tonne) truck 5.2 2.5 
Rigid chassis truck 11 2.5 
Tractor- to 35 kW 3.5 1.8 

- 35 to 55 kW 4.1 2.0 
- 55 to 75 kW 4.5 2.2 
- over 75 kW 6.1 3.0 

Round hay baler 4.3 2.5 
Combine harvester 9 varies 

C Material Density 

Grains - barley (varies with moisture content) 
- wheat (varies with moisture content) 

Seeds - rapeseed 
- clover 

Baled hay 
Carrots 
Onions (dry) 
Potatoes 
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m2/animal 

2-3 
0.5 

0.35-0.4 
0.27 

1.2- 1.4 ; 0.6- 0.7 
1.5 - 1.7 ; 0.9 - 1.1 

1.2- 1.5 

5-6 
9- 10 
1 - 1.2 

Height 

1.5 
4.3 
2.3 
2.7 
2.9 
3.4 
2.8 
4.1 

kglm3 

630 
760 

630-760 
760 

95 - 125 
630 

630-725 
660 



Bulk fertiliser 
Water 

References: 

I 025 - I1 00 
1000 

Redding G.J. and Foster M.P., Functional Design Handbook for Australian Farm Buildings. 
University of Melbourne, I988. 

ASAE Standards 1984. American Society of Agricultural Engineers, St Joseph, USA. 
MAF Aglinks (see Section 9. 6. 7). 

9.6.2 Sheep and Cattle Yards 

When planning the building of a new set of yards decide the location of the yards according to 
access, drainage, shelter, and supply of electricity and water. The yards should be situated in a 
central position as much as possible to avoid driving animals long distances. There should be 
some shade in the yards if they are not covered. Trees should not be planted alongside races as 
animals tend to stop in the shady patches. 

Water should be available to sheep in holding pens, especially if they are to be held overnight 
due to the mob size preventing a job being completed in one day. 

In cattle yards, the crush length should provide about 1.75 m for each adult animal, or 2.2 m if 
only one animal is being handled. The social order within a group of cattle works against a free 
movement of the animals at points of constriction in yards and races so the lead up to a crush 
should be a slow one with no abrupt angles. Sharp turning comers of 30° or greater, should be 
avoided. Single file alleyways should not be longer than 7.5 m without a curve or bend, though 
bends should not deflect at an angle greater than 15°. A good cattle race limits the side vision of 
a cattle beast and directs it to the area ahead. This is oflittle use if the animal is required to walk 
into a blind alley. Cattle will stop 6- 8 m from a blind end. The gates ahead should be of the grill 
type so the stock can see straight ahead. 

Cattle loading ramps should not face into the early morning or late afternoon sun as cattle find it 
difficult moving down such ramps. If cattle have to unload downhill, steps are an alternative to a 
ramp which can become slippery with dung and urine. Stair steps about 80 - 100 mm high and 
300- 500 mm wide, work well for cattle. The ramp should be about I.2 m high and 0.68- 0.7 m 
wide (internal clearance). Side rails should be 1.5- 1.7 m high. The ramp slope should be no 
steeper than I :3. 

Sheep ramp steps should be about 250 - 300 mm wide and about I30 mm high. If a smooth ramp 
is used instead of steps, the slope should be no steeper than 1 :3. The ramp should be 1.5 to 3 m 
wide. 

Cattle and sheep have no colour vision so every item is seen in terms of black, white and grey. 
Contrasts in dark and bright surfaces can cause cattle to baulk. Overhead walkways frighten 
cattle; catwalks should be at least 300 mm wide and about 830 mm below the top rail of the fence 
so that handlers can reach over and contact cattle. At this height arms cannot be crushed and 
most of the time the operator is out of sight of the animal. 
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9.6.3 Deer Yards 

The following should be considered when planning deer yards: 
• A long lead-in race, close-boarded for about 9 m out from the yards. Ideally, this should not 

be straight, but should offer an indirect approach so that the yards are hidden from the 
animal's view until the last few metres. 

• The working area, should have closely boarded walls which are at least 2.1 m high for Red 
deer, or 2.6 m for Fallow. 

• Sheet or corrugated iron should be avoided as it is noisy. Plywood should be well supported 
on framing to avoid 'drumming' on impact. 

• A central, circular crush pen with two centrally placed swing gates is common in many 
designs. Farmers often use them more for directing stock into lateral pens, rather than as a 
crush. Five metres is a suggested maximum diameter. Comers should be avoided if 
possible, especially in crush and drafting areas. 

• Small pens (the actual number depends on herd size) for working with small numbers at 
close quarters. Large uncovered areas can be used for holding large numbers. 

• A floor covering of sand, wood chips or coarse saw-dust. 

9.6.4 Woolsheds 

W oolshed design requires careful planning and attention to detail. The main functions of a 
well designed woolshed are quick and easy pen filling and good operational facilities for 
shearing, wool handling and classing. Helpful and detailed information is contained in the 
"Aglink" publications listed in the references (see Section 9. 6. 7). Some useful information for 
preliminary planning is given here. 

Certain requirements are necessary for satisfactory working conditions in a woolshed: 

• All catching pen doors must be padded at point of shearer contact. 
• Any new or altered shed must have one catching pen per shearer. 
• Each woolshed must have a hand basin and water. If accommodation is not supplied then 

hot water must be. 
• Toilets provided within easy access. 
• A smoko compartment, isolated from the board and furnished with tables and chairs 

must be incorporated. 
• The shed must be in a clean state before shearing. All sheep skins must be removed from 

catching pen areas. 
• Counting sheep into catching pens is not recommended, counting out pens or recognised 

automatic counters must be used. Counting out pens are ideal for quality control 
purposes. 

• All machinery must be checked and in good working order. 
• A first-aid kit should be placed in a convenient position. 

The following should be considered when planning a woolshed: 

• A raised board should be 1.7 m wide and 0.75- 0.8 m high. 
• Board layout is very important. Allow 2.25 m between stands. If a chute is used it must 

jut into the board 150 mm and have a vertical drop of 100 mm at the entrance. This 
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allows the front feet of the sheep to drop straight into the chute with no risk of returning. 
The chute is to be angled at 45 degree for about 1.5 m (slope distance) followed if 
necessary by a 20-25° walk-off. The grating should be at least 1.2 m above the 
underlying ground in a chute shed. 

• Wool rooms should have a minimum dimension of 5.2 m between the edge of the raised 
board and the outside wall of wool room. This gives room for wool table, bins, etc. 

• The wall height in a raised board shed should be no less than about 2.75 m above the 
woolroorn floor. 

• Even lighting is extremely important if sheep are to run well. Corrugated plastic sheets 
placed in the roof tend to give light spots. A better alternative is to use plastic strips (say 
0.6 m deep, placed at eaves level) at key positions in the shed. Louvred windows can 
provide additional light and ventilation. 
Black building paper is too dark. Silver foil is better, but timber sarking is best. 

• Timber grating is typically about 45 mm wide by 40 mm deep and spaced about 15 mm 
apart, but the required size depends on the type of timber used and the span of the grating 
between supporting joists. If one side of the grating is bevelled then this side should face 
away from oncoming sheep. 

• Lift and swing gates are the most popular, followed by lift, then tip or swing types. 
• Woolroom loading block is normally 1.8 m wide extending about 1 m from the shed 

wall. 
• Pen and partitions size depends on breed of sheep. Pen height for Romneys or 

Corriedales should be about 850 mm increasing to about 900 mm for Perendales. Rub 
rails should be staggered to stop sheep seeing through. Catching pens should hold 15 - 20 
sheep (2- 2.4 m wide by 2.4- 3m deep are typical pen dimensions). 

9.6.5 Cattle-stops 

There are several designs for cattle-stops that have proved useful over the years. Two will be 
described here. 

The first design can be made with either railway irons or pipe rails; the latter is preferred by some 
farmers because they cause less injury to stock that get stuck in the cattlestop. The most common 
width is 3.6 m, with the length varying from 1.5 m (where it is needed to deter only the 
occasional wandering animal) to 2.5 m. The pipes (50 mm diameter) are welded to two steel 
bearers at least 150 mm deep and positioned under the wheel tracks. The gaps between the pipes 
can vary from 95 mm to 125 mm. The ends of the pipes are welded into the inside angle of 
lengths of 50 x 50 x 9 mm angle steel resting in small steps in the end wall of the concrete 
surround. There are short spacers of 12 mm pipe welded between the rails above the bearers to 
prevent the pipes from rolling under the immense force of a heavy, braking vehicle. Steel strips 
can be welded across the top of the rails but sheep often try to walk across them. The concrete 
surrounding wall should be 100 mm thick provided it has plenty of steel reinforcement. There 
should be a tolerance of at least 40 mm between the steel frame and the concrete. The floor of the 
cattlestops is of concrete 50 mm thick and 3 70 mm below the level of the rails. If a cattle beast 
steps through the rails, it can stand on the bottom of the pit. The need for intermediate concrete 
foundatiq11s under the bearers depends on the expected loadings and on the size of the bearers. 

Another design, adaptable for either pipes or rails, involves steel strips welded across the pipes. 
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Expansion links join them with bolts through oversized holes in fish-plates. The rails rest directly 
on intermediate concrete bearers at wheeltrack positions. They are securely welded to steel strips 
at the ends but these are made of flat steel rather than angle iron. Where rails are used, short 
spacers are welded at their base as well as steel strips being welded on the top. Pipe of 50 to 76 
mm diameter is suitable for this design. The pit is 1.5 m across and all concrete walls are 200 
mm thick. The pit is deeper than in the first design with a drainage hole two-thirds up the wall. 
This means that there is usually some water in the pit, adding to the visual barrier effect. 

A slight modification to the standard design is to lay the rails at about 25 degrees instead of right
angles to the approaches. This means that a car 'ripples' rather than bumps across. The gap 
between the rails needs to be as wide as possible, with 50 mm pipe being used instead of railway 
1rons. 

9.6.6 Grain Storage 

There are many technical issues related to the layout, design and management of a grain storage 
facility. Comprehensive treatment of these issues are found in an ASAE publication (1994) listed 
in the references. Some points to consider when designing an on-farm storage system are: 

Every harvesting I handling/ drying I storage system will have a bottle-neck somewhere. 
In a well designed system the combine is the rate-determining component. 

• Silo volume can be determined by using equations for the volume (V) of a cylinder 
(V = 3.1416 X h X r) and the volume of a cone (V = 3.1416 X r2 X h + 3) where r is the 
radius and h is the height. 

• Grain moisture content and temperature are the two most important factors influencing 
safe grain storage time. Grain moisture content is usually expressed as a wet basis 
percentage (Mwb) and is defined as: 

100 x (weight of moisture+ weight of wet material). 
Sometimes, moisture content is expressed as a dry basis percentage (Mctb). 
This can be related to Mwb by: 

Mctb = [ Mwb + (100- Mwb)] x 100 
• The maximum allowable grain moisture content (specified in supply contracts) is 

typically 14 - 14.5 % (1995). In many parts of the country this can be achieved without 
the need for grain drying. 

• Spoilage of grain can occur near the silo walls due to moisture migration from grain near 
the centre of the silo. This phenomenon is caused by internal air currents due to grain 
temperature differences between the centre and near the walls of the silo and is 
exacerbated when hot grain is stored. This problem can be avoided by aerating the silo 
(with outside air) which cools the grain and minimises temperature variations through 
the silo. 

• When selecting a fan for grain aeration or in-bin drying, primary considerations are the 
quantity of air to be moved and the air pressure drop across the grain bed. These two 
factors will affect fan diameter, motor size and running costs. The pressure drop is 
affected by grain type, bed depth and air velocity through the grain. Engineering advice 
should be sought for fan selection. 

Airflow rates vary depending on the application. The values in Table 9.15 should be 
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treated as guides only. 

Table 9.15: Representative Airflow Rates for Grain Drying and Storage Systems 
(Source: Loewer et al - see Section 9. 6. 7) 

Description m3(air)lhr per m3(grain) 

Aeration 
Dryeration 
Natural air drying 
Low temperature drying 
Layer drying 
Batch-in-bin drying 

5-25 
25-50 
50- 150 
50- 150 
50- 150 

240-720 

9.6. 7 References for Structures and Storage 

Loewer, O.J., Bridges, T.C. and Bucklin, R.A. On-Farm Drying and Storage Systems. ASAE 
Publication 9, 1994. 

Redding, G.J. and Foster, M.P. Functional Handbook for Australian Farm Buildings. University 
ofMelbourne, 1988. 

ASAE Standards 1984. American Society of Agricultural Engineers, St Joseph, USA. 
Meat & Wool Innovation Ltd. Woo/shed Design Guidelines. 
Barber, A.A. and Freeman, R.B. Design of Shearing Sheds and Sheep Yards. Inkata Press, 1986. 
MAF Aglinks 

- FPP 506-508,518,793-795,812 Dairy sheds and races 
- FPP 570-584 Woolshed and covered yards 
- FPP 605, 856-857 Cattle yards 
- FPP 251, 252 Deer yards 

Note: Copies of these "Aglinks" can be borrowed from the Lincoln University library 
through interloan. Your local public library can arrange this. 

I- 53 



9.7 

9. 7.1 

TRACTORS AND IMPLEMENTS 
(Contributed by G.A. Martin, Natural Resources Engineering Group, Lincoln 

University). 

Tractor Power 

The best way of expressing tractor power is to use maximum PTO power (kw or hp - see 
Section 10, for kW and horsepower conversions). Max PTO power is the maximum power 
available at the PTO, normally at rated engine speed and not necessarily the engine speed to 
give the standard 540 and 1000 PTO speeds. It does not matter whether or not you will 
actually be using a PTO driven implement. The advantage of max PTO power is that this 
value allows for transmission and hydraulic system losses and therefore represents the actual 
power the tractor can develop to do useful work. Also actual power output can be easily 
checked on a PTO dynamometer and compared with this figure. 

Manufacturers of course normally quote engine power figures in their sales brochures, 
because these are higher. As a rule ignore them, they are irrelevant. Engine power figures are 
sometimes quoted to DIN 70020 standard. This standard measures the maximum power of the 
engine at the flywheel with the normal accessories (e.g., fan, water pump, air cleaner) fitted to 
the engine. Alternatively BSAu 141a is sometimes used which again measures maximum 
power at the flywheel but without the engine accessories fitted. Both are misleading. 

Example: For a medium size tractor with maximum PTO power= 55 kW (74 hp), 
corresponding quoted maximum engine power figures are BSAu 141a, 64 kW (86 hp) and 
DIN 70020, 60 kW (80 hp). 55 kW max PTO power in this case represents the true power 
output of the tractor once all internal losses are accounted for. 

Maximum torque figures quoted in tractor specifications are rather meaningless whereas a 
more useful figure is torque rise. Torque rise gives an indication of an engine's lugging ability. 
A tractor engine should have a torque rise greater than 12 %. Approaching 20% is good. 

9.7.2 Fuel Consumption 

For diesel engines, fuel consumption will be approximately 0.35 litres of fuel per hour for 
every kW of power output. 

Example: 80 kW (107 hp) tractor operating at about 75% of maximum power would use 
approximately: 80 kW x 0.75 x 0.35 = 21 litres/hour. 

At full power output, fuel consumption would be about 28 litres/hour and at 50%, about 14 
litres hour. If annual usage was 600 hours of reasonably heavy duty work (e.g., 75 %power 
output), then annual fuel consumption would be: 21 x 600 = 12 600 litres. 

Fuel consumption does not vary significantly between different makes and models of diesel 
engines or different sizes of engine when compared on the basis of power output (i.e., work 
output). Also so long as an engine is maintained well, age will have minimal effect on 
consumption. 

A petrol engine on average will have fuel consumption 30- 35% greater than a diesel for the 
same power output. So for petrol engines, fuel consumption will be approximately 0.46 litres 
of fuel per hour for every k W of power output. 
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9.7.3 Tractor /Implement Work-rate and Operating Speed 

Actual machine work-rate (ha/hr) 

Field Efficiency 

= Implement width (m) x Operating speed (kmlhr) x Field efficiency(%) 

!000 

Field efficiency is the amount of work actually done compared to the machine's theoretical 
maximum capacity if it worked continuously with no time lost due to stoppages, turns, filling I 
unloading or dead running. Field efficiency is normally expressed as a percentage and Table 
9.16 (page I-57) lists average field efficiencies for different operations. 

If field efficiency can be improved, then actual work-rate for a machine will be increased. 
Working round and round generally has a higher field efficiency than to and fro. Field 
efficiency will be higher for larger paddocks and wider implements. Reversible ploughs have 
a much higher field efficiency than conventional ploughs particularly if ploughing in 'lands'. 

Speed of Operation 
Table 9.16 (page I-57) suggests optimum speeds for different cultivation operations in a range 
of soil types. Choose implements which enable the tractor to work at the highest speed 
practicable for the conditions. This means choosing a narrower implement to work at higher 
speeds rather than a wider implement at slower speeds. 

The drawbar power required for various implement width I speed combinations will remain 
relatively constant. But because the pull on the drawbar increases as the implements get wider 
more weight is required on the tractor for wide implements operating at slow speeds. This 
increases the rolling resistance of the tractor and therefore fuel consumption, as well as 
transmission loads and tyre wear. It is much easier on the tractor to travel faster pulling smaller 
implements. Also the capital cost of smaller implements is less and soil compaction is reduced. 

Tractor /Implement Matching 
Table 9.15 (page I-57) includes information on typical tractor power requirements to achieve a 
workrate of 1 ha/hr for various cultivation operations and soil types. 
If tractor size is known, then the expected actual workrate for the tractor I implement 
combination can be found from: 

Actual workrate (ha!hr) = Max tractor power (kW) x Field efficiency (0/o) 

100 x Power required (kW for I ha/hr) 

Example: For a 60 kW tractor ploughing on a medium soil, from Table 9.16 assume field 
efficiency is 75% and power requirement kW for 1 ha/hr is 40: 

Expected actual workrate is 60 x 7 5 = 1.1 ha!hr 
100 x40 

Alternatively, if the required workrate is known, the tractor size required can be found from: 

Max tractor power (kW) = 100 x Workrate required (ha/hr) x Power required (kW for 1 ha/hr) 

Field efficiency (0/o) 
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Example: Selecting an implement I tractor combination on a farm of light soil type where 160 
hours are available to plough 220 ha: 

Required workrate 220 
160 

1.38 ha/hr 

From Table 9.16, assume a field efficiency of 75 % and a power requirement of 30 kW for 
1 ha/hr: 

Tractor power required = 100 x 1.38 x 30 
75 

= 55kW 

Again from Table 9.16, if operating speed is 10 km/hr,then: (adapting the equation on the 
previous page) 

Implement width 1000 X 1.38 

lOx 75 

1.84 metres 

Which is a six furrow plough producing 300 mm furrows, or a five furrow plough producing 
350 mm furrows. 
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Table 9.16: Use of Implements • Field Efficiency, Operating Speed, Power Requirement 

Implement Field Optimum Operating Speed (kmlhr) Power Requirement kW for 1 ha/hr 

Type Efficiency Heavy Medium Light Stoney Heavy Medium Light Stoney 
% soils soils Soils soils soils soils soils soils 

Mould board 65.80 7-9 8- 10 9- 11 7-9 50 40 30 40 
Plough 

Disc ploughs 65-80 7-9 8- 10 9- 11 7-9 45 35 25 35 

Chisel plough 70-90 7-9 8- 10 9- 11 7-9 42 32 22 30 

Heavy field 75-95 7- 10 8- 11 10- 13 7- 10 29 21 13 18 
cultivator, 
e.g., grubber 

Light field 75-95 8- 11 10- 13 12- 15 
cultivator, e.g., 

8- 12 16 12 8 10 

rotacrumbler 

Disc harrows 70-90 7-9 8- 10 9 - 11 30 20 12 
Tyne harrows 75-95 7- 11 9- 13 11- 15 8- 11 10 7.5 5 7 
Light roller 75-95 7- 11 9- 13 11- 15 7- 10 10 7.5 5 7 
Seed drill 60-80 7-9 7- 10 7- 10 6-9 15 11 7 10 

Note: This table is continued on the next page 



Table 9.16 (continued) 

Implement Type Field Efficiency % 

Mower 70-85 

Rake 70-85 

Baler 60-80 

Forage harvester 50-75 

Combine 65- 80 

Sprayer 50-70 

Fertiliser spreader 60-80 

9.7.4 Type of Implement 

The order of preference for implement type is: 
3 pt mounted without depth wheels 
3 pt mounted with depth wheels 
2 pt (semi-mounted) without front depth wheels 
2 pt mounted with depth wheels 
Trailed with weight transfer system 
Trailed with all weight on land wheels 

There are two reasons for this order of preference: 
• Implements of the same width generally become more expensive as you work 

down the list. 
• Effective weight transfer to the back driving wheels of the tractor becomes 

progressively harder as you work down the list. 

Further Information 
Further Information can be obtained from a booklet published by the Ministry of Energy, 
entitled "Tractor Facts". This booklet can be obtained from the Natural Resources 
Engineering Group, Lincoln University. 
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9.8 SPRAYER CALIBRATION 
(Contributed by G.A. Martin, Natural Resources Engineering Group, Lincoln 

University) 

Accurate calibration of spray equipment is necessary to achieve the application of active 
ingredient at the recommended or desired rate. The principles of calibration are the same 
irrespective ofthe type of product and equipment used. The example shown further on is for a 
boom sprayer but the procedure is the same for simple (e.g., knapsack) through to complex 
equipment (e.g., orchard air-blast sprayer). More detailed descriptions and further examples 
are given in NZS 8409:1995 (Agrichemical User's Code of Practice) and other manuals and 
references. For complex sprayers (e.g., orchard air-blast), the use of spray consultants to 
calibrate and check the sprayer is strongly encouraged. These people may also provide access 
to the latest techniques and equipment. 

The calibration formula (below) describes the relationship between the three key factors 
which determine the application rate for any equipment used to apply agrichemicals. 

Calibration Formula: 

Application Rate (1/ha) = 600 x Flow-rate (1/min) 

The three key factors are: 
Flow-rate (litres/min) -
Speed (km/hr) 
Width (metres) 

Speed (km/h) x Width (m) 

total flow of the sprayer or flow per nozzle if only one nozzle. 
forward speed. 
width of application. Could be spray width (knapsack, boom) 
or track spacing (distance between successive passes). 

Usually the calibration procedure starts with selecting a desired application rate (litreslha), 
consistent with the agrichemicallabel recommendations, the nature of the target, the need to 
obtain good coverage and equipment capability. Then the forward speed and width are usually 
measured. 

Forward Speed 
Forward speed is determined by recording the time taken to travel a known distance. Tractor 
rev counters are normally not accurate enough because of tyre size variation, wheelslip, etc. 
Speed tests should be done in conditions as similar as possible to anticipated spraying 
conditions. To calculate speed, measure a convenient distance (e.g., 10, 20, 50, 100 m), select 
appropriate speed (walking speed or gear and throttle setting) and record the time it takes to 
travel the measured distance. The speed over the distance must be constant, i.e., a standing 
start is no good. Use the following formula to determine the speed: 

Speed (km/h) = 

Width 

Distance (metres) x 3. 6 

Time taken (sees) 

Spray width for a boom sprayer is the nozzle spacing multiplied by the number of nozzles, for 
an orchard air-blast sprayer is the row spacing and for a knapsack sprayer is the width sprayed 
with the nozzle at a convenient height. 

Once forward speed and width are set, the final adjustment to application rate is usually 
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carried out by altering sprayer flow-rate. The flow-rate required to achieve the desired 
application rate can be found from the following rearranged calibration equation: 

Flow-rate (1/min) = Application rate (1/ha) x Width (m) x Speed (km/h) 

600 

Flow-rate can be measured by: 
Collection method: Collect output in a calibrated measuring vessel for a given time (e.g., for 
30 or 120 seconds). 
Top-up method: Fill the sprayer tank to a marked level, spray for a given time, (e.g., for 30 
or 120 sees) and accurately measure the amount ofliquid required to refill sprayer to 
original level. 

If the flow-rate is not what is required to achieve the desired application rate, the pressure may 
be altered if only small changes are required, but for large changes, the nozzles may have to be 
changed. Once all changes are completed, the final flow-rate should be measured, the actual 
application rate calculated and this recorded along with the gear, throttle and pressure settings 
for future reference. Calibration should be checked every 100 hours of use, more often where 
abrasive chemicals (wettable powders) are used and less often where emulsifiable 
concentrates only are used. It should also be checked after nozzles, tyres, vehicle, pressure 
gauge, etc., are changed. Regular calibration will monitor wear of nozzles and ensure spray 
equipment is maintained in best possible condition. 

Amount of Chemical to Use 
Once the application rate has been determined, the quantity of chemical to add to a full spray 
tank can be found using the following equation: 

Quantity of chemical required per full spray tank (litres) is: 

and: 

Example: 

Spray Tank capacity (litres) x Chemical application rate (1/ha) 

Total application rate (1/ha) 

Area (ha) sprayed per tankful is: Spray tank capacity (litres) 

Total application rate (1/ha) 

A tractor mounted boom sprayer has 24 nozzles at 0.5 m spacing. In H2 gear at 1600 rpm it 
travels 50 metres in 17 seconds. The total flow-rate from the machine when operating at 3 Bar 
pressure was found using the 'top-up method' to be 110 litres in 2 minutes. If the spray tank 
capacity is 600 litres and the desired chemical application rate is 4 litres/ha, what is the actual 
application rate, the quantity of chemical to add to a full spray tank and the area sprayed per 
full tank? 

Speed is 

Width is 

50 x 3.6 = 10.6 km/h 
17 

24 x 0.5 =12m 
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Flow-rate is llQ 
2 

= 55 1/min 

Therefore: Application rate is 600 x 55 = 259 1/ha 
10.6 X 12 

Quantity of chemical required per full spray tank is 

and Area sprayed per tankful is 600 = 2. 3 ha. 
259 
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SECTION 10 

MEASUREMENTS ON FARM AND FOREST 
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Sources of Information: 

Ministry of Agriculture and Fisheries 

Ministry ofF orestry 

Compiled by: P.H. Fleming, Farm Management Group, Lincoln University 

Note: 
Before reading this section, please refer to the 'disclaimer' in the Preface of this Manual. 
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10.1 THE METRIC I DECIMAL SYSTEM 

10.1.1 Metric Prefixes 

Prefix Symbol Meaning Factor 

g1ga G 109 

mega M one million times 106 

kilo k one thousand times 103 

hecto h one hundred times 102 

deca da ten times 101 

deci d one-tenth 10-1 

centi c one-hundreth 10-2 

milli m one-thousandth 10-3 

micro f.l one-millionth 10-6 

10.1.2 The Decimal System 

1000 
DECIMAL SYSTEM 

METRIC PREFIXES 

Decimal 
Pqint 
t 10th • 

1000th 
ITiiiii 

10.2 QUICK CONVERSIONS - METRIC /IMPERIAL 
(See later for detailed conversion tables and additional measures) 

Metric to Imperial 
1 kg = 2.2046 pounds 
1 metre = 3.281 feet 
1 kilometre= 0.6214 miles 
1 hectare * = 2.471 acres 
1 cu. metre = 1.308 cu. yards 

= 35.42 cu. feet 
1 kg/ha = 0.8922 lbs/acre 

* 1 hectare = 10 000 sq. metres 
1 sq. km = 100 hectares 
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Imperial to Metric 
1 pound= 0.4536 kilograms 
1 foot= 0.3048 metres 
1 mile = 1.609 kilometres 
1 acre= 0.4047 hectares 
1 sq. mile= 259 hectares 
1 cu. yard= 0.7646 cu. metres 
1 gallon= 4.546 litres 
lib/acre= 1.121 kglha 
1 cwt/acre = 125.5 kglha 



10.3 AREA I SQUARE MEASURE 

10.3.1 Imperial/ Metric Conversions of Area 

Calculations involved: 

Imperial unit 

square inch 

square foot 

or 

square yard 

perch 

rood 

acre 
square mile 

Metric unit 

square centimetre 

square centimetre 

square metre 

square metre 

Imperial to Metric units Metric to Imperial units 

1 in2 = 6.452 cm2 1 cm2 = 0.155 in2 

2 2 
1ft = 929 em 

1 ft2 =0.0929m2 1m2 = 10.76ft2 
2 2 2 2 

1 yd = 0.8361 m 1m = 1.196 yd 
2 2 

square metre 1 p = 25.29 m 1 m = 0.03954 p 

hectare 1 rd = 0.101 ha 1 ha = 9.88 rd 
(1 hectare= 10 000 sq.m; a square with sides of 100m). 
hectare 1 ac = 0.4047 ha 1 ha = 2.471 ac 

squarekilometre 1 sq.mile=2.59km2 1 km2 =0.3861 sq. miles 
(1 sq. km = 100 ha). 

SQUARE FEET TO SQUARE METRES 

Table A: 1 • 9 sq. ft. 

Sq Ft 1 9 

Square Metres 

Table B: 10 • 900 sq. ft. Example: 550 sq. ft.= 51.10 sq. m. 

Sq Ft 0 10 20 30 40 50 60 70 80 90 

Square Metres 

0 0.93 1.86 2.79 3.72 4.65 5.57 6.50 7.43 8.36 i 
100 9.29 10.22 11.15 12.08 13.01 13.94 14.86 15.79 16.72 17.65 
200 18.58 19.51 20.44 21.37 22.30 23.23 24.15 25.08 26.01 26.94 
300 27.87 28.80 29.73 30.66 31.59 32.52 33.45 34.37 35.30 36.23 
400 37.16 38.09 39.02 39.95 40.88 41.81 42.74 43.66 44.59 45.52 
500 46.45 47.38 48.31 49.24 50.17 51.10 52.03 52.95 53.88 54.81 
600 55.74 56.67 57.60 58.53 59.46 60.39 61.32 62.24 63.17 64.10 
700 65.03 65.96 66.89 67.82 68.75 69.68 70.61 71.54 72.46 73.39 
800 74.32 75.25 76.18 77.11 78.04 78.97 79.90 80.83 81.75 82.68 
900 83.61 84.54 85.47 86.40 87.33 88.26 89.19 90.12 91.04 91.97 
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ACRES TO HECTARES 

Table A: 1 • 9 Acres 

Acres I 11 21 31 41 51 61 71 81 9 

Hectares 

Table B: 10 -1000 acres Example: 550 acres= 222.6 Ita 

Acres 0 10 20 30 40 50 

Hectares 

0 4.0 8.1 12.1 16.2 20.2 
100 40.5 44.5 48.6 52.6 56.7 60.7 
200 80.9 85.0 89.0 93.1 97.1 101.2 
300 121.4 125.5 129.5 133.5 137.6 141.6 
400 161.9 165.9 170.0 174.0 178.1 182.1 

500 202.3 206.4 210.4 214.5 218.5 222.6 
600 242.8 246.9 250.9 255.0 259.0 263.0 

700 283.3 287.3 291.4 295.4 299.5 303.5 
800 323.7 327,8 331.8 335.9 339.9 344.0 

900 364.2 368.3 372.3 376.4 380.4 384.5 

1000 404.7 
-

10.3.2 Imperial Measures of Area 

I44 sq. inches 
9 sq. feet 
30.25 sq. yards 
40 sq. perches 
4 roods 
640 acres 
I sq. chain 

8ft xI mile 
I 0 sq. chains 

I square foot 
I square yard 
1 square pole or perch 
I rood 
I acre 
I square mile 
I 0 000 sq. links 
484 sq. yards 
I acre 
I acre 
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60 70 

24.3 28.3 
64.7 68.8 

105.2 109.3 
145.7 149.7 
186.2 190.2 
226.6 230.7 
267.1 271.1 
307.6 311.6 
348.0 352.1 
388.5 392.5 

80 90 

32.4 36.4 
72.8 76.9 

113.3 117.4 
153.8 157.8 
194.2 198.3 
234.7 238.9 
275.2 279.2 
315.7 319.7 
356.1 360.2 
396.6 400 .. 6 



10.4 TOPDRESSING I SOWING I HARVESTING MEASURES 
(MASS PER UNIT AREA) 
(See also Section 1 0.16, Bushell Conversions; and Section 10. 8, Spraying 
Rates). 

10.4.1 Imperial/ Metric Conversions of Measures 

Calculations involved: 

Imperial Unit 

2 
ounce/yard 

pound/acre 
or 

hundredweight 
per acre 

Metric Unit 

2 
gram/metre 

2 
gram/metre 
kilogram/hectare 
tonnes/hectare 

Imperial to Metric Units 

2 2 
1 oz/yard = 33.91 g/m 

2 
1 lb/acre = 0.1121 g/m 
1 lb/acre = 1.121 kg/ha 
I cwt/acre = 0.1255 tlha 

= 125.5 kg/ha 

POUNDS PER ACRE TO KILOGRAMS PER HECTARE 

Table A: Fraction of lb/acre 

Lb/Acre I 1/41 1/21 3/4 

Kilograms Per Hectare 

Metric to Imperial Units 

2 2 
I g/m = 0.0295 oz/yard 

2 
1 g/m = 8.922 lb/acre 
I kglha = 0.8922lb/acre 
I t/ha = 7.97 cwt/acre 

Table B: 1 • 99 lb/acre Example: 44 lb/acre = 49.3 kg/ha 

Lb/Acre 0 1 2 3 4 5 6 7 8 9 

Kilograms/Hectare 

0 1.1 2.2 3.4 4.5 5.6 6.7 7.8 9.0 10.1 
10 11.2 12.3 13.5 14.6 15.7 16.8 17.9 19.1 20.2 21.3 
20 22.4 23.5 24.7 25.8 26.9 28.0 29.1 30.3 31.4 32.5 
30 33.6 34.7 35.9 37.0 38.1 39.2 40.4 41.5 42.6 43.7 
40 44.8 46.0 47.1 48.2 49.3 50.4 51.6 52.7 53.8 54.9 
50 56.0 57.2 58.3 59.4 60.5 61.6 62.8 63.9 65.0 66.1 
60 67.3 68.4 69.5 70.6 71.7 72.9 74.0 75.1 76.2 77.3 
70 78.5 79.6 80.7 81.8 82.9 84.1 85.2 86.3 87.4 88.5 
80 89.7 90.8 91.9 93.0 94.2 95.3 96.4 97.5 98.6 99.8 
90 100.9 102.0 103.1 104.2 105.4 106.5 107.6 108.7 109.8 111.0 
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HUNDREDWEIGHTS PER ACRE TO KILOGRAMS PER HECTARE 

Table A: Fraction of cwt/acre 

Cwt/Acre 

Table B: 1 ·19 cwt/acre Example: 2 cwtlacre = 251 kg/ha 

Cwt/ 0 1 2 3 4 5 6 7 8 9 
Acre 

Kilograms Per Hectare 

0 126 251 377 502 628 753 879 1004 1130 
10 1255 1381 1506 1632 1758 1883 2009 2134 2260 2385 

TONS PER ACRE TO TONNES PER HECTARE 

Ton/ 
Acre.---~-----L----~----~--~----~----~--~----~--__, 

0 9 

Tonnes/Hectare 
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10.5 LENGTH I DISTANCE MEASURES 

10.5.1 lm perial/ Metric Conversions of Length 

Calculations involved: 

Imperial Unit Metric Unit Imperial to Metric Units Metric to Imperial Units 

inch millimetre 1 in= 25.4 mm 1mm = 0.03937 in 
or centimetre (10mm) 1 in= 2.54 em 1 em= 0.3937 in 

foot metre (1000 rom) 1 ft = 0.3048 m 1 m=3.281 ft 
yard metre 1 yd = 0.9144 m 1m= 1.094 yards 
chain metre 1 chain= 20.12 m 1 m = 0.04971 chain 
furlong metre 1 furlong= 201.2 m 1 m = 0.004971 furlong 
mile kilometre 1 mile = 1.609 km 1 km = 0.6214mile 

= 4.971 furlongs 

FRACTIONS OF INCHES AND INCHES TO MILL/METRES 

Inches rom Inches rom Inches rom Inches rom 

1/16 1.6 1/2 12.7 1 25 8 203 
1/8 3.2 9/16 14.3 2 51 9 229 
3/16 4.8 5/8 15.9 3 76 10 254 
1/4 6.4 11/16 17.5 4 102 11 279 
5/16 7.9 3/4 19.1 5 127 12 305 
3/8 9.5 13/16 20.6 6 152 
7/16 11.1 7/8 22.2 7 178 

----

FEET TO METRES Example: 24ft.= 7.32 metres 

Feet 0 1 2 3 4 5 6 7 8 9 

I 

Metres I 

0 0.31 0.61 0.91 1.22 1.52 1.83 2.13 2.44 2.74 
10 3.05 3.35 3.66 3.96 4.27 4.57 4.88 5.18 5.49 5.79 
20 6.10 6.40 6. 71 7.01 7.32 7.62 7.93 8.23 8.53 8.84 
30 9.14 9.45 9.75 10.06 10.36 10.67 10.97 11.28 11.58 11.89 
40 12.19 12.50 12.80 13.11 13.41 13.72 14.02 14.33 14.63 14.94 
50 15.24 
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YARDS TO METRES Example: 540 yards= 493.8 metres 

Yards 0 10 20 30 40 50 60 70 80 90 

Metres 

0 9.1 18.3 27.4 36.6 45.7 54.9 64.0 73.2 82.3 
100 91.4 100.6 109.7 118.9 128.0 137.2 146.3 155.5 164.6 173.7 
200 182.9 192.0 201.2 210.3 219.5 228.6 237.7 246.9 256.0 265.2 
300 274.3 283.4 292.6 301.8 310.9 320.0 329.2 338.3 347.5 356.6 
400 365.8 374.9 384.1 393.2 402.3 411.5 420.6 429.8 438.9 448.1 
500 457.2 466.3 475.5 484.6 493.8 502.9 512.1 521.2 530.4 539.5 
600 548.6 557.8 566.9 576.1 585.2 594.4 603.5 612.7 621.8 630.9 
700 640.1 649.2 658.4 667.5 676.7 685.8 694.9 704.1 713.2 722.4 
800 731.5 740.7 749.8 759.0 768.1 777.2 786.4 795.5 804.7 813.8 
900 823.0 832.1 841.3 850.4 859.5 868.7 877.8 887.0 896.1 905.3 

- --· --- -- - - - ~ 

CHAINS TO METRES Example: 44 chains = 885 metres 

Chains 0 1 2 3 4 5 6 7 8 9 

Metres 

0 20 40 60 81 101 121 141 161 181 
10 201 221 241 262 282 302 322 342 362 382 
20 402 423 443 463 483 503 523 543 563 583 
30 604 624 644 664 684 704 724 744 764 785 
40 805 825 845 865 885 905 925 946 966 986 
50 1006 1026 1046 1066 1086 1106 1127 1147 1167 1187 
60 1207 1227 1247 1267 1288 1308 1328 1348 1368 1388 
70 1408 1428 1448 1469 1489 1509 1529 1549 1569 1589 
80 1609 1630 1650 1670 1690 1710 1730 1750 1770 1790 
90 1810 1831 1851 1871 1891 1911 1931 1951 1971 1992 

-

MILES TO KILOMETRES Example: 24 miles =38.62 km 

Miles 0 1 2 3 4 5 6 7 8 9 

Kilometres 

0 1. 61 3.22 4.83 6.44 8.05 9.66 11.27 12.87 14.48 
10 16.09 17.70 19.31 20.92 22.53 24.14 25.75 27.36 28.97 30.58 
20 32.19 33.80 35.41 37.01 38.62 40.23 41.84 43.45 45.06 46.67 
30 48.28 49.89 51.50 53.11 54.72 56.33 57.94 59.55 61.16 62.76 
40 64.37 65.98 67.59 69.20 70.81 72.42 74.03 75.64 77.25 78.86 
50 80.47 
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10.5.2 Imperial Measures of Length 

4 inches 
9 inches 
12 inches 
3 feet 
6 feet 
5.5 yards 
4 poles 
10 chains 
8 furlongs 
3 miles 
1link 
1 chain 
1 mile 
1 nautical mile 
(or geographical 

mile) 
Cables length 
A degree 

(at equator) 

1 hand (10 em) 
1 span 
1 foot 
1 yard 
1 fathom 
1 rod, pole or perch 
1 chain (22 yards) 
1 furlong 
1 mile (80 chains) 
!league 
7.92 inches 
1 00 links (22 yards) 
80 chains (1760 yards) 
6080 feet 

600 feet 
60 geographical or 
69.121 statute miles 
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10.6 WEIGHT (MASS) MEASURES 

10.6.1 Imperial/ Metric Conversions of Weight 

Calculations involved: 

Imperial Unit 

ounce 
pound 
hundredweight 
ton (long) 

ton (short) 

Metric Unit 

gram 
kilogram 
kilogram 
tonne 

tonne 

Imperial to Metric Units 

1 oz = 28.35 g 
llb = 0.4536 kg 
1 cwt = 50.8 kg 
1 ton (long)= 1.016 tonnes 

(1 tonne = 1000 kg) 
1 ton (short)= 0.9072 tonnes 

Metric to Imperial Units 

1 g = 0.03527 oz 
1 kg= 2.205 lb 
1 kg= 0.01968 cwt 
1 tonne= 0.9842 tons (long) 

1 tonne= 1.1023 tons (short) 

Note: See also Section 10. 7.2, Weight of water, milk; Section 10.16 Bushell weights. 

OUNCES TO GRAMS 

Ounces 0 1 2 3 4 5 6 7 8 91 

Grams 

0 28.4 56.7 85.0 113.4 141.7 170.1 198.4 226.8 255.1 
10 283.5 311.8 340.2 368.5 396.9 425.2 453.6 481.9 510.3 538.6 

POUNDS TO KILOGRAMS 

Table A: 1 • 9 Pounds 

Pounds 1 9 

Kilograms 

See also Table B (next page) 
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Table B: 10 · 990 lbs Example: 540 lb = 244.9 kg 

Pounds 0 10 20 30 40 50 60 70 80 90 

Kilograms 

0 4.5 9.1 13.6 18.1 22.7 27.2 31.8 36.3 40.8 
100 45.4 49.9 54.4 59.0 63.5 68.0 72.6 77.1 81.6 86.2 
200 90.7 95.3 99.8 104.3 108.9 113.4 117.9 122.5 127.0 131.5 
300 136.1 140.6 145.1 149.7 154.2 158.8 163.3 167.8 172.4 176.9 
400 181.4 186.0 190.5 195.0 199.6 204.1 208.7 213.2 217.7 222.3 
500 226.8 231.3 235.9 240.4 244.9 249.5 254.0 258.5 263.1 267.6 
600 272.2 276.7 281.2 285.8 290.3 294.8 299.4 303.9 308.4 313.0 
700 317.5 322.1 326.6 331.1 335.7 340.2 344.7 349.3 353.8 3'i8.3 
BOO 362.9 367.4 371.9 376.5 381.0 385.6 390.1 394.6 399.2 403.7 
900 408.2 412.8 417.3 421.8 426.4 430.9 435.4 440.0 444.5 449.1 

HUNDREDWEIGHTS TO KILOGRAMS 

Cwt 0 1 2 3 4 5 6 7 8 9 

Kilograms 

0 51 102 152 203 254 305 356 406 457 
10 508 559 610 660 711 762 813 864 914 965 
20 1016 

TONS TO TONNES Example: 54 tons= 54.87 tonnes 

Ton(si 0 1 2 3 4 5 6 7 8 9 

i 

Tonnes I 

0 1. 02 2.03 3.05 4.06 5.08 6.10 7.11 8.13 9.14 1 

10 10.16 11.18 12.19 13.21 14.22 15.24 16.26 17.27 18.29 19.30 
20 20.32 21.34 22.35 23.37 24.39 25.40 26.42 27.43 28.45 29.47 
30 30.48 31.50 32.51 33.53 34.55 35.56 36.58 37.59 38.61 39.63 
40 40.64 41.66 42.67 43.69 44.71 45.72 46.74 47.75 48.77 49.79 
50 50.80 51.82 52.83 53.85 54.87 55.88 56.90 59.91 58.93 59.95 

60 60.96 61.95 62.99 64.01 65.03 66.04 67.06 68.08 69.09 70.11 

70 71.12 72.14 73.16 74.17 75.19 76.20 77.22 78.24 79.29 80.27 

80 81.28 82.30 83.32 84.33 85.35 86.36 87.38 88.40 89.41 90.43 

90 91.44 92.46 93.48 94.49 95.51 96.52 97.54 98.56 99.57 100.6 
----
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10.6.2 Imperial Measurements of Weight 

Note: see also Volume I Imperial 

7000 grains 
16 drams 
16 ounces 
14 pounds 
28 pounds 
4 quarters 
112 pounds 
20 cwt. 
1 centa1 
1 short ton 
1long ton 

1 pound (lb.) 
1 ounce (oz.) 
1 pound (lb.) 
1 stone (st.) 
1 quarter (qr.) 
1 hundredweight (cwt.) 
1 hundredweight (cwt.) 
1 ton (long) 
100 pounds 
2000 pounds 
2240 pounds 
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10. 7 VOLUME I CUBIC MEASURE I CAPACITY 
Note: See also Section 10.9, Flow rate (Volume I Time). 

10.7.1 Imperial/ Metric Conversions of Volume I Capacity 

Calculations involved: 

Imperial Unit Metric Unit Imperial to Metric Units Metric to Imperial Units 

cubic foot cubic metre 1 cu. ft.= 0.02832 m3 3 
1 m = 35.32 cu. ft. 

cubic yard cubic metre 1 cu. yd.= 0.7646 m3 3 
1 m = 1.308 cu. yds. 

(1 cubic metre= 1000 litres = 220 gallons) 
Pint 
gallon 

litre 1 pint= 0.58683 litres 1 litre= 1. 76 pints 
litre 1 gal. = 4.546 litres 1 litre= 0.22 gal. 

(I litre= 1000 ml, or 1000 cubic centimetres, or 0.001 m3) 

fluid ounce millilitre 1 fl. oz.= 28.41 ml 1 ml = 0.0352 fl. oz. 
(20 fluid ounces = 1 pint) 

Note: 1 teaspoonful 
1 dessertspoonful 
1 tablespoonful 

GALLONS TO LITRES 

Table A: 1 • 9 Gallons 

3.5 ml 
7.0ml 
14.0 ml 

Gals I 11 21 31 41 51 61 71 81 9 

Litres 

See also Table B (next page) 
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Table B: 10- 990 gallons Example: 540 gals = 2455 litres 

Gals 0 10 20 30 40 50 60 70 80 90 

Lit res 

0 45 91 136 182 227 273 318 364 409 
100 455 500 546 591 636 682 727 773 818 864 
200 909 955 1000 1046 1091 1137 1182 1227 1273 1318 
300 1364 1409 1455 1500 1546 1591 1637 1682 1728 1773 
400 1818 1864 1909 1955 2000 2046 2091 2137 2182 2228 
500 2273 2319 2364 2409 2455 2500 2546 2591 2637 2682 
600 2728 2773 2819 2864 2909 2955 3000 3046 3091 3137 
700 3182 3228 3273 3319 3364 3410 3455 3500 3546 3591 
800 3637 3682 3728 3773 3819 3864 3910 3955 4001 4046 
900 4091 4137 4182 4228 4273 4319 4364 4410 4455 4501 

CUBIC FEET TO CUBIC METRES 

Table A: 1 - 9 Cubic Feet 

Cubic 
Feet 

1 

0.03 

Table B: 10- 990 Cubic Feet 

Cubic 0 10 20 
Feet 

0 0 0.28 0.57 
100 2.83 3.11 3.40 
200 5.66 5.95 6.23 
300 8.50 8.78 9.06 
400 11.33 11.61 11.89 
500 14.16 14.44 14.72 
600 16.99 17.27 17.56 
700 19.82 20.10 20.39 
800 22.65 22.94 23.22 
900 25.49 25.77 26.05 

Cubic Metres 

Example: 540 cu. ft.= 15.29 cu. m 

30 40 50 60 70 80 

Cubic Metres 

0.85 1.13 1.42 1.70 1.98 2.27 
3.68 3.96 4.25 4.53 4.81 5.10 
6.51 6.80 7.08 7.36 7.65 7.93 
9.34 9.63 9.91 10.19 10.48 10.76 

12.18 12.46 12.74 13.03 13.31 13.59 
15.01 15.29 15.57 15.86 16.14 16.42 
17.84 18.12 18.41 18.69 18.97 19.26 
20.67 20.95 21.24 21.52 21.80 22.09 
23.50 23.79 24.07 24.35 24.64 24.92 
26.33 26.62 26.90 27.18 27.47 27.75 
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0.25 

90 

2.55 
5.38 
8.21 

11.04 
13.88 
16.71 
19.54 
22.37 
25.20 
28.03 



10.7.2 Imperial Measure of Volume I Solid Measure 

Volume 
60 minims =1 fluid drachm (dram) 
8 fluid drachms = 1 fluid ounce 
20 fluid ounces = 1 pint 
34.68 cu. in. = 1 pint 
2 pints = 1 quart 
4 quarts = 1 gallon 
1 fluid ounce= 437.5 grains 
1 cubic foot of water weighs 1000 oz, or 62.51b. 
1 cubic foot of water= 6.25 gallons 
1 gallon of water weights 10 lb. 
1 gallon of milk weighs almost 10.5lb. 
1 inch of rainfall= 22 622 gallons or 100.9 tons per acre 
1 bushel! (dry measure) = 8 gallons 
1 peck = 2 gallons 
1 quarter = 8 bushells 

Cubic or Solid Measure 
1728 cubic inches = 1 cubic foot 
27 cubic feet = 1 cubic yard 
A cord of wood= 4ft. x 4ft. x 8ft.= 128 cubic ft. 
A shipping ton= 42 cubic feet of timber 
A shipping ton = 40 cubic feet of freight 
Ship's ton of displacement = 35 cubic feet 
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10.8 SPRAYING RATES: VOLUME I AREA 
(Note: See also Section 1 0.13, Density Measures I Spraying Mixtures) 

10.8.1 Imperial/ Metric Conversions of Spraying Rates 

Calculations involved: 

Imperial Unit Metric Unit Imperial to Metric Units Metric to Imperial Units 

fluid ounce/acre millilitres/hectare 1 fl.oz./ac = 70.2 ml/ha 1 ml/ha = 0.014 fl.oz./ac 
pint/acre 
gallon/acre 

litre/hectare 
litre/hectare 

1 pint/acre= 1.404 1/ha 11/ha = 0.7121 pint/acre 
1 gal./acre = 11.23 1/ha 1 1/ha = 0.08902 gal/acre 

FLUID OUNCES PER ACRE TO MILLILITRES PER HECTARE 

Fluid 0 1 2 3 4 5 6 7 8 9 
oz I 
Acre Millilitres/hectare 

0 70 140 210 280 350 420 490 560 630 
10 700 770 840 910 980 1050 1120 1190 1260 1330 
20 1400 1470 1540 1610 1680 1750 1820 1890 1960 2030 

PINTS PER ACRE TO LITRES PER HECTARE 

Pints 0 1 2 3 4 5 6 7 8 9 
Per 
Acre Litres/Hectare 

0 1.4 2.8 4.2 5.6 7.0 8.4 9.8 11.2 12.6 
10 14.0 15.4 16.9 18.3 19.7 21.1 22.5 23.9 25.3 26.7 
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GALLONS PER ACRE TO LITRES PER HECTARE 

Table A: 1 • 99 gal/acre Example: 44 gal/acre = 494.3 1/ha 

Gal/ 0 1 2 3 4 5 6 7 8 9 

Acre 

Litres/hectare 

0 11.2 22.5 33.7 44.9 56.2 67.4 78.6 89.9 101.1 

10 112.3 123.6 134.8 146.0 157.3 168.5 179.7 191.0 202.2 213.4 

20 224.7 235.9 247.1 258.4 269.6 280.8 292.1 303.3 314.5 325.8 

30 337.0 348.2 359.5 370.7 381.9 393.2 404.4 415.6 426.9 438.1 

40 449.3 460.6 471.8 483.0 494.3 505.5 516.7 528.0 539.2 550.4 

50 561.7 572.9 584.1 595.4 606.6 617.9 629.1 640.3 651.6 662.8 

60 674.0 685.3 696.5 707.7 719.0 730.2 741.4 752.7 763.9 775.1 

70 786.4 797.6 808.8 820.1 831.3 842.5 853.8 865.0 876.2 887.5 

80 898.7 909.9 921.2 932.4 943.6 954.9 966.1 977.3 988.6 999.8 

90 1011 1022 1034 1045 1056 1067 1078 1090 1101 1112 

Table B: 100 • 400 gal/acre 

Gal/ 100 400 
Acre 

Litres/hectare 

1123 4493 

J- 18 



10.9 FLOW RATE (VOLUME I TIME) 
(See also Section 10. 7, Volume Measures) 

10.9.1 Imperial/ Metric Conversions of Flow Rate 

Calculations involved: 

Imperial Unit Metric Unit Imperial to Metric Units Metric to Imperial Units 

cubic feet/second cubic metre/second 
3 

1 cu.ft./s = 0.0283 m Is 
3 

1 m Is= 35.31 cu.ft./s 

(= cusec) 

cubic feet/second 

gallon/hour 

cubic feet/second 
gallon/minute 
gallon/hour 

(1 cubic metre/second = 1 cumec = 1000 litres/second) 

cubic metre/hour 1 cu.ft./s = 101.9 m3!hr 1 m3!hr = 0.0098 cu.ft./s 

cubic metre/hour 

litres/second 

3 3 
1 gal.lhr = 0.004546 m lhr 1m lhr = 219.97 gal.lhr 

10.10 

litres/hour 
litres/hour 

1 cu.ft./s = 28.32 1/s 
1 gal./min = 272.8 1/hr 
1 gal.lhr = 4.546 1/hr 

RAINFALL /IRRIGATION 

1 lis = 0.03531 cu.ft./s 
11/hr = 0.0037 gal./min 
1 1/hr = 0.22 gal.lhr 

(See also Section 10. 7, Volume; and Section 10.8, Spray rates) 

10.10.1 Imperial/ Metric Conversions of Rainfall 

Calculations involved: 

Imperial 
1 inch of rain = 1 00 points 
1 acre inch = 22 622 gallons/acre 
(1 acre inch of rain or irrigation) 

1 acre foot= 271 464 gallons per acre 

Note: Metric I Irrigation 

Metric 
=25.4mm 
= 254 117 litres/ha 

3 
= 3 049 m /ha 

The unit for depth of irrigation is the millimetre. 

1 mm (depth)= 1litre/m2 =10m3 /ha 

(i.e., 1 mm water applied to 1 ha =10m3 volume of water). 
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10.11 POWER I ENERGY I ELECTRICITY MEASURES 

10.11.1 Imperial/ Metric Conversions of Power 

Calculations involved: 

Imperial Unit Metric Unit Imperial to Metric Units 

Horsepower 
Kilocalorie 

kilowatt 
kilojoule 

1 hp = 0.7457 kW 
1 kc = 4.187 kJ 

Note: see over page for electrical terms and measures 

HORSEPOWER TO KILOWATTS 

Table A: 1 • 9 Horsepower 

Hp 1 

Kilowatts 

Table B: 10 • 290 Horsepower to Kilowatts 

Hp 0 10 20 30 40 50 

Kilowatts 

0 7.5 14.9 22.4 29.8 37.3 
100 74.6 82.0 89.5 96.9 104.4 111.9 
200 149.1 156.6 164.1 171.5 179.0 186.4 
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60 

44.7 
119.3 
193.9 

Metric to Imperial Units 

1 kW = 1.341 hp 
1 kJ = 0.239 kc 

9 

70 80 90 

52.2 59.7 67.1 
126.8 134.2 141.7! 
201.3 208.8 216.2 



10.11.2 

Ampere 
Ohm 
Volt 

Watt 

kilowatt-hour 

Electrical Terms and Measures 

The unit in which the strength of an electrical current is measured. 
The unit in which resistance to the flow of an electrical current is measured. 
The unit of electrical 'pressure'. A 'pressure' of l volt is required to 'force' a 
current of 1 amp through a resistance of 1 ohm. 
The unit of power, or a rate of doing work. 
Watts = Volts x Amperes. 
The Watt is the power used when work is done or energy expended at the rate 
of 1 joule per second. 
For commercial purposes, electrical energy is charged for in units of 1000 
watt-hours, or kilowatt-hours. 
1 kW uses 1 "unit" of electricity per hour. 

kW-h for D.C. current= Volts x Amperes x hours 
1000 

kW-h for A.C. current= Volts x Amperes x hours x power factor 
1000 

No. of kilowatts to heat water in 1 hour= litres X temperature rise (0 C) 
8.856 x efficiency percentage 

Note: With water at an average tap temperature of 10°C, 1 kW will boil9.54litres/hour at 
100 % efficiency. 
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10.12 PRESSURE 

10.12.1 Imperial/ Metric Conversions of Pressure 

Calculations involved: 

Imperial Unit Metric Unit Imperial to Metric Units 

pound/inch 2 kilo pascal 1 p.s.i. = 6.895 kPa 

Note: See below for Hydaulic Head. 

POUNDS PER SQUARE INCH TO KILOPASCALS 

Table A: 1. 9 p.s.i. 

PSI 

Kilopascals 

Metric to Imperial Units 

I kPa = 0.145 p.s.i. (lb/in 2) 

I kPa = 1.102 m head. 

9 

Table B: 10 • 290 p.s.i. Example: 140 p.s.i. = 965 kPa 

IPS I 
I 

o I 

0 
100 689 
200 1379 

Hydraulic Head 
I m head 

101 201 301 

69 138 207 
758 827 896 

1448 1517 1586 

3.2808 ft. head 
9.8 kPa 

1.42lb/in2 (p.s.i.) 

401 sol 601 701 sol 901 
Ki1opascals 

276 345 414 483 552 621 
965 1034 1103 1172 1241 1310 

1655 1724 1793 1862 1931 1999 
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10.13 DENSITY MEASURES I SPRAYING MIXTURES 

10.13.1 Imperial/ Metric Conversions of Density 

Calculations involved: 

Imperial Unit Metric Unit Imperial to Metric Units Metric to Imperial Units 

pound/cubic inch grams/cubic centimetre llb/in3 = 27.68 g/cm 3 
1 g/cm3 = 0.0361lb/in3 

pound/cubic foot grams/cubic centimetre llb/ft3 = 0.01602 g/cm3 3 3 
1 g/cm = 62.43 lb/ft 

pound/cubic foot kilograms/cubic metre 3 3 
1 lb/ft = 16.02 kg/m 1 kg/m3 = 0.0624 lb/ft3 

ounce/gallon grams/litre 1 oz/gallon = 6.236 g/1 1 g/1= 0.16 oz/gal 
pound/gallon grams/litre lib/gallon= 99.78 g/1 1 g/1 = 0.01 lb/gallon 

OUNCES PER 100 GALLONS TO GRAMS PER 100 LITRES 

Oz 0 1 2 3 4 5 6 7 8 9 
/100 
Gal Grams/100 Litres 

0 6.24 12.47 18.71 24.94 31.18 37.42 43.65 49.89 56.12 
10 62.36 68.60 74.83 81.07 87.30 93.54 99.78 106.0 112.3 118.5 

Note: 20 fluid ounces are equal to 1 pint. 

PINTS PER 100 GALLONS TO MILLILITRES PER 100 LITRES 

Pints 0 1 2 3 4 5 6 7 8 9 
/100 -
Gal Millilitres/100 Litres 

0 125 250 375 500 625 750 875 1000 1125 

10 1250 1375 1500 1625 1750 1875 2000 2125 2250 2375 
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10.14 SPEED I VELOCITY MEASURES 

10.14.1 Imperial/ Metric Conversions of Speed 

Calculations involved: 

Imperial Unit Metric Unit Imperial to Metric Units Metric to Imperial Units 

foot/second metres/ second 1 ft/s = 0.304 m/s 1 m/s = 3.281 ft/s 
foot/second kilometres/hour 1 ft/s = 1.0973 km/h 1 km/h = 0.9113 ft/s 
mile/hour metres/ second 1 mph= 0.447 m/s 1 m/s = 2.237 mph 
mile/hour kilometres/hour 1 mph= 1.609 km/h 1 km/h = 0.6214 mph 

10.15 TEMPERATURE- FAHRENHEIT AND CELSIUS 
CONVERSIONS 

To convert temperatures: 

Celsius to Fahrenheit: 
9-;- 5 x "C + 32 = Fahrenheit 
For example: 9-;- 5 x 20"C + 32 = 68"F 

Fahrenheit to Celsius: 
5 -;- 9 x ("F- 32) = Celsius 
For example: (SO"F- 32) x 5 -;- 9 = lO"C 

Fahrenheit: 
Water boils (under standard conditions) at 212" F and freezes at 32" F. 

Celsius or Centigrade: 
Water boils at 1 OO"C and freezes at 0°C. 
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10.16 BUSHELL CONVERSIONS FOR CROPS 
(See also Section I 0. 7. 2, Bushel Volume). 

10.16.1 Bushells Per Acre to Kilograms (Tonnes) Per Hectare 

Crop Ryegrass Oats Barley Maize Peas/Wheat I 

Seed 

Bushell Weight - lb 20 40 50 56 60 
(approx.) - kg 9.1 18.1 22.7 25.4 27.2 

Bushell/Acre Kilograms or Tonnes Per Hectare (approx.) 

20 450 900 1.0 1.3 
30 670 1.4 1.7 1.9 
40 900 1.8 2.2 2.5 
50 ll20 2.2 2.8 3.1 
60 1350 2.7 3.4 3.8 
70 1570 3.1 3.9 4.4 
80 1800 3.6 4.5 5.0 
90 - 4.0 5.0 5.6 

100 - 4.5 5.6 6.3 
120 - 5.4 6.7 7.5 
140 - 6.3 7.9 8.8 
160 - 7.2 9.0 10.0 
180 - - 10.1 11.3 
200 - - - 12.6 

10.16.2 Bushell Weights of Crops I Seeds 

Barley 
Beans (dry, haricot) 
Clovers 
Cocksfoot (machine dressed) 
Linseed 
Lucerne 
Lupins 
Maize 
Oats 
Peas (dry) 
Peas in pod 
Rye (ryecom) 
Ryegrass (machine dressed) 
Wheat 

Pounds (lbs) 
50 
65 
60 
17 
56 
60 
60 
56 
40 
60 
28 
56 
20 
60 
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Weight 
Kilograms (kg) 

22.68 
29.48 
27.22 
7.71 
25.4 
27.22 
27.22 
25.4 
18.14 
27.22 
12.7 
25.4 
9.07 

27.22 

1.3 
2.0 
2.7 
3.4 
4.0 
4.7 
5.4 
6.1 
6.7 
8.1 
9.4 

10.8 
-
-



10.17 

10.17.1 

Table 1: 

LAND AREA AND DISTANCE ON HILL SLOPES 

Calculations to Determine Actual Area and Distance 
from Farm Plans or Aerial Photographs 

Degree of slopeiNatural Secant Degree of slopeiNatural Secant 

oo 1.0000 30° 1.1547 
so 1.0038 35° 1.2207 

10° 1. 0154 40° 1.3054 
15° 1. 0352 45° 1.4142 
20° 1.0641 50° 1.5560 
25° 1.1033 60° 2.0000 

Examples: Hill Country - average slope say 20° 

1. Area: Farm Plan area of 100 hectares = 100 x 1.0641 

2. Distance 1 km fence on plan 

3. Effective rate of Apply @ 200 kg per ha 
fertiliser application: (plan area) 

= 106.4 hectares on slope 

= 1 X 1.0641 
= 1.064 km on slope 

(1 064 metres) 

= 200 + 1.0641 
= 188 kg/ha on slope 

Note: At 60° slope the areas double and the effective rate of fertiliser application is only half. 
However slopes greater than 45° are very rare on farmable land. As a guide, the following table 
should be helpful: 

Table 2: 

Class of Hill Degree of Increase in Area or Effective Rate of Fertiliser 
Country Average Slope Le11gth Fence Application @ 200 ~a 

Easy 100 1.5% 197 kg/ha 
Moderate Steep 20° 6.4 % (0.0641) 188 kg 
Steep 30° 15.5% 173 kg 
Very Steep 40° 30.5% 153 kg 
Unfarmable 60° 100.0% 100 kg i 
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10.18 FINANCE MEASURES 

10.18.1 Cost of Servicing Table Mortgages 
(Annual payments on Amortised Loans with Equal Total Payments). 

The annual payment (interest and principal combined) per $1000 borrowed on table mortgage 
is set out below: 

Repayments of Interest and Principal (Per$ 1000 Borrowed) 

Years (Mortgage Term) 

5 10 15 20 25 
Interest Rate 

$ p.a. $ p.a. $ p.a. $ p.a. $ p.a. 
5% 230.97 129.50 96.34 80.24 70.95 
6% 237.40 135.87 102.96 87.18 78.23 
7% 243.89 142.38 109.79 94.39 85.81 
8% 250.46 149.03 116.83 101.85 93.68 
9% 257.09 155.82 124.06 109.55 101.81 
10% 263.80 162.75 131.47 117.46 110.17 
11% 270.57 169.80 139.07 125.58 118.74 
12% 277.41 176.98 146.82 133.88 127.50 
13% 284.31 184.29 154.74 142.35 136.43 
14% 291.28 191.71 162.81 150.99 145.50 
15% 298.32 199.25 171.02 159.76 154.70 
16% 305.41 206.90 179.36 168.67 164.01 
17% 312.56 214.66 187.82 177.69 173.42 
18% 319.78 222.51 196.40 186.82 182.92 
19% 327.05 230.47 205.09 196.05 192.49 
20% 334.38 238.52 213.88 205.36 202.12 

Note: If payments are made more frequently, for example quarterly (four times per year), the 
total yearly figures may be slightly less than those shown in the table. 
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10.19 FOREST METRICS 
(See also Section 10. 7.2, Cord of Wood, Volume of Timber). 

10.19.1 Imperial I Metric Conversions of Tree Stocking Rates 

STEMS PER ACRE TO STEMS PER HECTARE 

Table A: 

Stems 
per 
acre 

Table B: 

Stems 
per 
acre 

0 
100 
200 
300 
400 
500 
600 
700 
800 
900 

1000 

1 • 9 stems per acre 

1 

2.5 

10 • 1000 stems/acre 

0 10 20 30 

25 49 74 
247 272 297 321 
494 519 544 568 
741 766 791 815 
988 1013 1038 1063 

1236 1260 1285 1310 
1483 1507 1532 1557 
1730 1754 1779 1804 
1977 2002 2026 2051 
2224 2249 2273 2298 
2471 

9 

stems/ha 

22.2 

Example: 540 s.p.a. = 1334 stems/ ha 

40 50 60 70 80 90 

stems/ha 

99 124 148 173 198 222 
346 371 395 420 445 470 
593 618 643 667 692 717 
840 865 890 914 939 964 

1087 1112 1137 1161 1186 1211 
1334 1359 1384 1409 1433 1458 
1582 1606 1631 1656 1680 1705 
1829 1853 1878 1903 1927 1952 
2076 2100 2125 2150 2175 2199 
2323 2348 2372 2397 2422 2446 
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10.9.2 Imperial I Metric Conversions of Tree Spacings 

IMPERIAL SPACINGS TO METRIC SPACINGS 

Imperial No. of Stems Nearest metric No. of stems Operation 
Spacing per acre spacing per hectare 

5 ft X 8 ft 1088 2.5 m x 1.5 m 2666 
9 968 2.5 X 1.5 2666 

10 872 3.0 X 1.5 2222 
11 793 3.5 X 1.5 1904 
12 726 3.5 X 1.5 1904 
13 670 4.0 X 1.5 1666 E 
14 622 4.5 X 1.5 1481 s 

t 
6 ft X 6 ft 1210 2.0 m x 2.0 m 2500 a 

8 907 2.5 X 2.0 2000 b 
9 807 2.5 X 2.0 2000 1 

10 726 3.0 X 2.0 1666 i 
11 660 3.0 X 2.0 1666 s 
12 604 3.5 X 2.0 1428 h 
13 558 3.5 X 2.0 1428 m 
14 518 4.0 X 2.0 1250 e 

n 
8 ft X 8 ft 680 2.5 m x 2.5 m 1600 t 

9 604 2.5 X 2.5 1600 
10 544 3.0 X 2.5 1333 
11 495 3.0 X 2.5 1333 
12 454 3.5 X 2.5 1142 

9 ft X 9 ft 538 2.7mx2.7·m 1371 
10 X 10 436 3.0 X 3.0 1111 
11 X 11 360 3.4 X 3.4 865 
12 X 12 302 3.7 X 3.7 730 
13 X 13 258 4.0 X 4.0 625 
14 X 14 212 4.4 X 4.4 516 T 
15 X 15 194 4.5 X 4.5 493 e 
16 X 16 170 5.0 X 5.0 400 n 
17 X 17 151 5.1 X 5.1 384 d 

I 

18 X 18 134 5.5 X 5.5 330 i 
19 X 19 120 6.0 X 6. 0 278 n 
20 X 20 108 6.1 X 6.1 268 g 
21 X 21 99 6.5 X 6.5 237 
22 X 22 90 6.7 X 6.7 222 
23 X 23 82 7.0 X 7.0 204 
24 X 24 76 7.5 X 7.5 178 

Note: Establishment spacings are grouped to nearest 0.5 metre. 

Tending spacings are grouped to the nearest square measure (m2 ). 
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10.9.3 Imperial/ Metric Conversions of Timber Volume 

CUBIC FEET PER ACRE TO CUBIC METRES PER HECTARE 

Example: 9400 cu.ft./ac = 658 cu.m.lha 

Cu.ft/ 0 100 200 300 400 500 600 700 800 900 
Acre 

Cubic metre(s)/hectare 

0 7 14 21 28 35 42 49 56 63 
1000 70 77 84 91 98 105 112 119 126 133 
2000 140 147 154 161 168 175 182 189 196 203 
3000 210 217 224 231 238 245 252 259 266 273 
4000 280 287 294 301 308 315 322 329 336 343 
5000 350 357 364 371 378 385 392 399 406 413 
6000 420 427 434 441 448 455 462 469 476 483 
7000 490 497 504 511 518 525 532 539 546 553 
8000 560 567 574 581 588 595 602 609 616 623 
9000 630 637 644 651 658 665 672 679 686 693 

10000 700 707 714 721 728 735 742 749 756 763 
11000 770 777 784 791 798 805 812 819 826 833 
12000 840 847 854 861 868 875 882 889 896 903 
13000 910 917 924 931 938 945 952 959 966 973 
14000 980 987 994 1001 1008 1015 1022 1029 1036 1043 
15000 1050 1057 1064 1071 1078 1085 1092 1099 1106 1113 
16000 1120 1127 1134 1141 1148 1155 1162 1169 1176 1183 
17000 1190 1197 1204 1211 1218 1225 1232 1239 1246 1253 
18000 1260 1267 1274 1281 1288 1295 1302 1309 1316 1323 
19000 1330 1337 1344 1350 1357 1364 1371 1378 1385 1392 
20000 1399 
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The late Neil Cherry 
Formerly of the Climate Research Unit 
Environmental Management and Design Division 
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11.1 CLIMATIC DATA 

11.1.1 Rainfall Averages (mm) [For the period 1951 to 1980/ 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Kaitaia Airport 87 111 81 110 139 166 148 164 118 111 101 93 1429 
Kerikeri 91 144 125 141 163 197 173 201 138 131 93 99 1696 
Dargaville 71 91 83 94 126 157 130 129 94 103 86 85 1249 
Whangarei AP 77 130 137 126 147 181 166 162 122 120 89 98 1555 
Albert Park 65 96 91 117 124 141 141 139 115 99 89 88 1289 
Ruakura 76 83 84 100 116 131 132 117 101 97 98 101 1246 
Paeroa 73 89 90 104 106 120 120 107 103 110 91 113 1368 
Waihi 137 140 188 184 237 223 187 240 218 153 148 186 2241 
TaurangaAP 79 90 133 107 130 130 137 134 116 106 85 116 1363 
Whakatane 82 103 125 96 119 127 132 132 105 104 86 110 1321 
Te Kuiti 93 88 96 112 159 163 171 149 129 128 122 137 1547 
New Plymouth 100 108 103 122 170 158 166 146 110 121 130 119 1553 
Stratford 128 128 130 152 211 198 209 200 174 170 169 166 2056 
Wanganui 70 59 63 71 85 87 84 76 63 75 70 88 891 
Rotorua 90 116 125 119 137 140 145 146 122 116 97 138 1491 
Taupo 74 78 69 87 87 114 116 109 94 94 83 92 1097 
Ruatoria 110 120 170 166 193 196 220 251 168 124 96 148 1962 
GisbomeAP 70 71 92 93 92 121 117 125 91 68 55 84 1079 
Wairoa 72 101 110 149 113 144 139 129 97 80 65 104 1303 
Napier 50 62 81 70 67 94 80 83 61 61 44 77 830 
Waipukurau 59 60 77 78 72 89 103 88 66 66 57 97 912 
Palmerson Nth 77 58 72 75 93 87 98 86 74 83 82 102 991 
Levin 90 73 77 82 114 104 114 100 90 97 88 109 1138 
Dannevirke 65 60 87 84 97 92 109 93 84 90 80 116 1057 
Masterton 65 51 76 81 96 99 112 92 76 76 73 83 980 
Kelburn 86 74 96 107 136 139 143 131 104 101 93 95 1305 

Nelson Aero 71 67 80 93 103 79 90 98 72 87 74 72 986 
Reefton 135 118 131 182 200 161 160 176 177 179 191 161 1971 
Westport 161 160 173 207 224 188 177 183 173 193 210 180 2228 
Hokitika 221 210 217 239 271 205 215 233 236 269 271 222 2809 
Haast 277 273 343 288 297 223 225 235 301 292 331 270 3355 
Blenheim 51 38 53 63 72 57 66 68 47 57 51 48 671 
Kaikoura 66 53 96 89 97 68 91 86 53 62 57 68 886 
Balmoral For. 52 41 48 59 60 50 65 56 41 49 46 59 622 
Waipara 54 46 53 61 57 49 59 50 41 53 44 52 619 
Christchurch Gar. 55 42 54 56 75 62 71 53 47 47 46 58 666 
Darfield 78 63 81 94 88 65 86 77 56 78 72 81 919 
High bank 89 73 88 102 86 64 78 75 66 87 89 90 987 
Ash burton 66 54 72 72 69 54 64 63 45 60 66 67 752 
Timaru 57 47 61 57 49 34 43 40 32 49 58 59 586 
Lake Tekapo 52 33 47 56 60 50 52 54 53 51 52 48 608 
Waimate 57 49 63 62 55 39 51 44 35 52 64 64 635 
lnvermay 68 48 71 59 65 59 56 52 42 51 66 71 708 
Alexandra 38 27 39 31 33 22 18 19 21 32 31 35 346 
Gore 88 62 81 81 84 73 57 47 58 73 80 84 868 
Invercargill AP 96 72 89 104 107 103 72 62 77 85 89 84 1040 
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11.1.2 Recent* Rainfall Averages (mm) [For the period 1981-2000] 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Kaitaia 79 88 80 103 110 151 158 140 124 91 92 96 1308 
Auckland Aero 72 70 87 91 91 113 136 115 93 80 86 85 ll19 
Tauranga 82 71 103 111 77 119 122 114 90 87 88 96 1151 
Whakatane 81 66 94 104 84 126 128 120 99 88 94 101 ll86 
Hamilton 87 63 90 96 97 121 129 119 100 95 100 96 Jl93 
Ruakura 84 66 89 91 90 116 119 155 142 89 89 89 218 
Rotorua 94 90 103 114 102 134 140 137 113 111 112 Ill 1349 
Taumarunui 121 86 105 119 128 136 150 136 146 146 135 121 530 
Gisborne Aero 54 70 103 109 83 103 120 74 72 52 70 59 969 
Napier 43 54 81 71 59 78 89 64 50 47 58 52 748 
Chateau, Ruapehu 210 170 195 196 233 262 266 241 264 278 246 252 2755 
New Plymouth 126 92 135 130 133 156 155 135 138 146 128 114 1589 
Wanganui 63 67 71 70 78 83 85 66 70 83 80 70 888 
Palmerston North 69 70 74 76 85 88 87 71 80 91 75 86 952 
Castle Point 53 76 86 79 83 111 Ill 86 71 65 69 54 919 
Masterton 51 63 84 76 81 99 101 81 71 79 87 69 939 
Kelburn 73 58 94 90 108 150 130 106 94 110 102 71 ll83 

Nelson 102 65 80 81 79 89 85 77 89 83 84 74 986 
Blenheim 51 49 53 53 52 64 76 63 60 57 53 51 681 
Westport 191 136 175 169 188 199 185 191 198 200 169 206 2207 
Hokitika 266 180 222 221 235 247 234 219 261 270 234 281 2870 
Franz Joseph 589 395 497 427 433 416 378 401 469 665 479 615 5563 
Haast 396 267 315 310 312 306 287 258 290 367 305 392 3630 
Milford Sound 791 498 586 531 628 468 423 471 524 716 536 684 6856 
Culverden 42 43 58 51 47 59 58 57 46 50 52 55 600 
Christchurch, Gard. 41 41 53 47 53 64 71 64 45 49 46 48 624 
Darfield. 53 56 79 54 56 67 73 76 56 61 66 64 761 
Hororata 59 61 80 58 60 68 72 79 60 65 71 68 799 
Ashburton 52 51 68 53 52 62 61 61 50 59 62 51 682 
Waimate 49 55 70 52 48 56 49 48 44 58 45 63 631 
Mount Cook 464 284 422 365 358 308 300 320 322 477 401 472 4471 
Dunedin 83 74 83 59 72 74 72 67 56 74 69 83 865 
Alexandra 49 38 40 34 27 31 29 24 25 32 33 47 388 
Queenstown 84 63 81 72 83 85 69 80 66 90 77 77 928 
Wanaka 62 41 71 58 60 65 61 59 51 59 50 64 694 
Gore 107 88 90 66 90 75 66 65 63 80 82 93 964 
Invercargill Aero 119 88 93 96 113 101 90 78 77 96 86 99 Jl39 

*Editor's Note: The most recent data has been kept separate from earlier data (see previous 
page), to give readers the opportunity to note changes/trends over time. 
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11.1.3 Evapotranspiration (Penman)- Monthly & Yearly 
Averages (mm) [For the period 1951 to 1980} 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 

Kaitaia Airport 142 116 99 63 40 29 32 46 67 96 115 138 983 
Kaikohe 145 114 92 60 41 28 32 45 66 94 114 133 964 
Leigh 150 122 105 68 44 29 34 48 70 99 121 145 1035 
Whenuapai 133 108 90 53 31 21 25 35 56 86 109 130 877 
Albert Park 165 134 112 73 48 33 37 52 77 111 134 160 Jl36 
Pukekohe 134 111 90 57 33 21 25 38 59 85 109 128 890 
Thames 153 121 99 63 40 27 31 46 66 99 126 147 1018 
TaurangaAP 148 116 95 57 31 21 24 38 62 93 123 141 949 
Whakatane 151 120 99 58 31 22 26 40 65 97 124 144 977 
Ruakura 130 104 83 48 26 17 20 33 53 82 106 125 827 
Whatawhata 133 108 85 52 29 20 23 37 57 85 108 126 863 
Rukuhia 134 108 88 51 30 20 23 38 58 85 110 129 874 
Taupo 140 108 84 48 27 18 20 32 53 84 111 132 857 
New Plymouth 146 119 94 62 41 30 33 45 66 93 115 142 986 
Stratford 121 97 74 42 22 14 16 29 49 76 98 116 754 
Wanganui 148 116 93 57 34 23 25 40 62 95 124 143 960 
Manutuke 139 112 88 47 27 20 22 37 62 94 118 138 904 
GisbomeAP !51 116 91 55 34 24 27 40 66 100 132 149 985 
Napier 151 116 93 56 34 21 24 38 64 99 128 146 970 
Ohakea 156 121 97 59 36 25 26 42 65 97 126 149 999 
Palmerson Nth 134 109 86 50 27 17 20 34 55 83 108 128 851 
Levin 126 99 78 45 26 18 20 33 52 81 101 122 801 
Paraparaumu 142 111 87 52 31 21 24 38 61 91 116 138 912 
Masterton 135 106 80 43 23 15 18 30 52 82 107 127 818 
Kaitoke 128 99 78 42 23 14 18 30 52 81 102 120 787 
Wallaceville 130 100 77 41 22 13 16 28 50 80 105 126 788 
Kelbum 142 109 87 52 30 20 22 36 60 91 116 137 902 

Riwaka 141 107 81 43 20 10 12 28 52 88 114 133 829 
WestportAP 128 103 78 45 28 20 21 36 51 78 101 121 810 
Hokitika AP 108 83 65 35 18 12 15 29 45 71 92 110 683 
Lake Grassmere 176 138 114 73 46 30 33 50 79 119 150 167 1175 
Kaikoura 142 106 84 52 37 25 29 42 85 96 118 138 934 
Hanmer Forest 128 99 74 39 18 8 10 25 50 82 106 123 762 
Christchurch AP 149 111 83 45. 24 13 17 31 56 94 126 147 896 
Lincoln 145 113 83 43 23 13 16 29 54 91 119 138 867 
Onawe 137 105 75 42 18 11 13 25 50 86 Ill 133 806 
High bank 142 111 87 56 32 22 26 42 68 102 125 138 951 
Ash burton 134 102 75 40 23 15 19 30 53 85 116 131 823 
Timaru 123 94 71 40 21 12 15 28 49 84 109 121 767 
Lake Tekapo 156 117 88 48 21 4 7 23 65 96 127 153 905 
MtJohn 171 128 110 70 39 23 19 38 79 120 149 170 1116 
Waimate 112 86 66 36 18 8 10 24 46 76 96 108 686 
Tara Hills 151 115 83 44 20 8 9 24 53 92 120 144 863 
Dunedin AP 124 92 70 40 25 12 14 31 55 86 109 122 780 
Balclutha 116 93 70 40 22 12 13 26 50 79 99 115 735 
Alexandra 134 101 74 32 12 4 6 19 47 83 112 133 757 
Winton 120 93 70 40 22 12 15 30 52 84 106 120 764 
Gore 121 91 69 38 18 10 13 26 50 82 102 118 738 
Invercargill AP 123 92 68 39 23 15 16 29 53 86 109 126 779 
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11.1.4 Average Daily Temperature- Monthly and Annual 
Averages {°C) [For the period 1951 to 1980] 

(Note: Latitude figures are given in the second column) 

Location Lat(''S) Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec Year 
Kaitaia Airport 35.1 19.6 20.3 19.4 17.1 14.6 12.8 11.8 12.4 13.4 14.9 16.5 18.1 16.0 
Kerikeri 35.2 19.1 19.6 18.6 16.3 13.7 11.7 10.7 11.5 12.6 14.2 15.9 17.6 15.1 
Darga ville 36.0 18.2 19.2 18.2 15.9 13.6 11.8 10.7 11.3 12.3 13.9 15.4 17.1 14.8 
Whangarei AP 35.8 19.7 20.1 18.8 16.5 14.2 12.1 11.0 11.7 12.9 14.6 16.3 18.1 15.5 
Albert Park 36.8 19.8 20.4 19.3 16.9 14.3 12.1 11.2 11.9 13.2 14.8 16.5 18.3 15.7 
Ruakura 37.8 17.9 18.5 17.1 14.4 11.4 9.1 8.3 9.6 11.2 12.9 14.7 16.5 13.5 
Paeroa 37.4 19.2 19.4 17.9 15.0 11.9 9.7 9.0 10.3 11.8 13.7 15.8 17.6 14.3 
Waihi 37.4 18.6 18.9 17.2 14.7 11.8 9.7 8.8 9.8 11.6 13.4 15.3 17.2 13.9 
Tauranga 37.7 18.9 19.3 17.8 15.3 12.4 10.2 9.4 10.4 11.8 13.6 15.4 17.4 14.3 
Whakatane 38.0 19.3 19.5 18.1 15.4 12.3 9.9 9.2 I 0.4 12.0 13.9 15.8 17.8 14.5 
Te Kuiti 38.3 18.2 18.6 17.1 14.2 II. I 8.8 8.0 9.4 11.1 12.9 14.7 16.7 13.4 
New Plymouth 39.1 17.4 18.0 17.0 14.8 12.4 10.0 9.3 10.1 11.5 12.9 14.4 16.0 13.7 
Stratford 39.3 15.7 16.1 14.9 12.5 10.1 7.9 7.0 7.9 9.3 10.8 12.5 14.2 11.6 
Wanganui 39.9 18.0 18.3 17.2 14.6 11.9 9.7 8.7 9.8 11.4 13.2 14.9 16.6 13.7 
RotoruaAP 38.1 17.6 17.8 16.3 13.5 10.4 8.1 7.3 8.5 10.2 12.1 14.0 16.0 12.7 
Taupo 38.6 17.3 17.5 15.8 12.8 9.6 7.3 6.5 7.5 9.4 11.5 13.5 15.7 12.0 
Ruatoria 37.9 19.0 19.2 17.6 15.3 12.6 10.2 9.4 10.3 12.0 13.8 15.8 17.6 14.4 
GisbomeAP 38.6 18.8 18.9 17.2 14.8 12.1 9.8 9.1 10.0 11.6 13.6 15.7 17.4 1.4.1 
Wairoa 39.0 19.6 19.6 17.7 15.0 12.3 9.9 9.1 10.2 12.0 14.3 16.3 17.9 14.5 
Napier 39.5 19.2 19.2 17.6 15.0 12.1 9.5 8.9 9.9 11.9 13.9 16.2 17.8 14.3 
Waipukurau 40.0 17.7 17.8 16.0 13.1 10.1 7.6 7.0 8.3 10.1 11.9 14.0 16.1 12.5 
Palmerson Nth 40.4 17.3 17.6 16.4 13.6 10.6 8.2 7.7 8.9 10.6 12.2 13.9 15.9 12.7 
Levin 40.7 17.2 17.5 16.4 13.9 11.2 9.0 8.3 9.4 10.9 12.4 14.0 15.8 13.0 
Dannevirke 40.2 17.1 17.3 15.8 13.1 10.2 7.8 7.2 8.3 10.1 11.9 13.8 15.6 12.4 
Masterton 41.0 17.3 17.0 15.9 13.1 10.2 7.7 7.1 8.2 10.1 11.9 13.8 15.8 12.4 
Kelbum 41.3 16.6 16.9 15.8 13.7 11.2 9.1 8.4 9.1 10.5 12.1 13.5 15.3 12.7 

Nelson Aero 41.3 17.2 17.2 15.8 12.8 9.7 7.1 6.5 7.6 9.8 11.8 13.8 15.8 12.1 
Appleby 41.3 17.6 17.7 16.3 13.5 10.4 7.9 7.2 8.3 10.4 12.3 14.1 16.1 12.7 
Blenheim 41.6 17.9 17.9 16.4 13.6 10.4 7.7 7.2 8.5 10.7 12.9 14.8 16.6 12.9 
Reefton 42.1 16.5 16.7 15.0 11.6 8.1 4.8 4.6 6.5 9.1 11.3 13.0 15.2 11.0 
Westport 41.6 16.i 16.3 15.5 13.3 10.9 8.8 8.2 9.0 10.3 11.7 13.0 14.8 12.3 
Hokitika AP 42.7 15.3 15.8 14.9 12.5 9.9 7.6 7.1 8.1 9.7 11.2 12.5 14.3 11.6 
Haast 43.9 14.6 14.8 14.3 12.2 10.0 7.9 7.5 8.3 9.3 10.5 11.7 13.6 11.2 
Kaikoura 42.4 16.0 16.3 15.0 13.0 10.5 8.3 7.7 8.2 9.8 11.6 13.2 14.9 12.0 
Balmoral For. 42.4 16.6 16.6 14.8 11.5 7.8 4.8 4.5 6.1 8.7 11.0 13.1 15.1 10.9 
Waipara 43.1 17.5 17.2 15.4 12.7 9.4 6.3 6.2 7.2 9.5 12.1 13.9 16.1 12.0 
Christchurch Gds 43.5 16.6 16.3 14.8 12.1 8.9 6.3 5.9 7.0 9.5 11.9 13.7 15.6 11.6 
Darfield 43.5 16.8 16.7 14.9 11.9 8.4 5.8 5.2 6.8 9.3 11.5 13.5 15.5 11.4 
High bank 43.6 15.5 15.5 14.1 11.6 8.5 6.4 5.6 6.6. 8.7 10.8 12.4 14.2 10.8 
Ash burton 43.9 17.1 16.9 15.2 12.2 8.6 6.0 5.5 7.0 9.6 12.0 13.9 15.8 11.7 
Tirnaru 44.4 16.5 16.2 14.7 12.1 8.6 5.9 5.3 6.9 9.4 11.8 13.6 15.4 11.4 
Lake Tekapo 44.0 15.4 15.4 13.3 10.0 6.0 2.8 1.8 3.7 7.1 9.6 11.5 13.9 9.2 
Waimate 44.7 16.2 16.0 14.6 12.3 9.2 6.7 6.1 7.2 9.5 11.5 13.3 15.0 11.5 
Invermay 45.9 14.9 14.8 13.5 10.9 7.8 5:7 5.1 6.5 8.6 10.7 12.2 13.8 10.4 
Alexandra 45.3 17.3 17.0 14.9 11.1 6.6 3.3 2.8 5.3 8.9 11.7 13.9 16.2 10.8 
Gore 46.1 15.2 14.9 13.6 10.8 7.7 5.2 4.8 6.5 8.8 10.9 12.4 14.1 10.4 
Invercargill AP 46.4 13.7 13.6 12.5 10.3 7.5 5.4 5.1 6.2 8.2 10.0 11.2 12.9 9. 7 
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11.1.5 Recent* Temperature Averages [For the period 1981-2000} 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Kaitaia 19.3 19.8 18.4 16.5 14.5 12.6 11.9 11.8 12.9 14.1 15.7 17.7 15.4 
Darga ville 19.2 19.7 18.3 16.2 13.9 12.0 11.3 11.7 12.8 11.9 13.4 15.7 14.7 
Auckland 20.0 20.4 18.9 16.8 14.4 12.3 11.5 11.9 13.2 14.7 16.4 18.4 15.7 
Ruakura 18.4 18.8 17.1 14.4 11.8 9.5 8.9 9.7 11.4 13.3 14.7 17.0 13.7 
Tauranga Aero 19.4 19.2 18.0 15.5 13.0 10.8 10.2 10.6 12.2 14.0 15.8 17.8 14.7 
Whakatane 19.2 19.5 17.6 14.9 12.2 9.9 9.3 9.9 11.8 13.9 15.7 17.7 14.3 
Taumarunui 18.2 18.3 16.2 13.1 10.3 8.1 7.5 8.4 10.6 12.7 14.6 16.8 12.9 
New Plymouth 17.8 18.1 16.7 14.6 12.6 10.7 10.0 10.3 11.4 12.9 14.2 16.1 13.8 
Chateau, Ruapehu 12.6 12.6 10.7 8.2 5.7 3.5 3.0 3.1 4.6 6.6 8.4 10.7 7.5 
Gisborne 19.3 19.1 17.5 14.9 12.4 10.3 9.6 10.1 11.8 14.0 15.9 18.1 14.4 
Napier 19.6 19.4 17.7 15.0 12.2 9.9 9.4 10.0 12.4 14.3 16.1 18.3 14.5 
Wanganui 18.3 18.4 16.7 14.5 12.4 10.3 9.5 10.1 11.7 13.4 14.8 16.8 13.9 
Palmerston North 17.9 18.2 16.4 13.9 11.5 9.4 8.7 9.3 11.1 12.8 14.2 16.3 13.3 
Castle Point 18.0 18.1 16.8 14.9 12.7 10.8 10.1 10.2 11.7 13.3 14.6 16.6 13.9 
Masterton 17.6 17.6 15.6 12.8 10.1 8.2 7.6 8.2 10.4 12.3 13.8 16.1 12.5 
Kelburn 17.0 17.2 15.7 13.7 11.6 9.7 9.0 9.3 10.8 12.2 13.4 15.5 12.9 

Nelson Aero 17.9 18.1 16.3 13.6 11.0 8.4 7.8 8.7 10.6 16.9 14.5 16.6 13.4 
Blenheim 18.1 17.8 16.0 13.2 10.7 8.1 7.5 8.6 10.6 12.9 14.5 16.6 12.9 
Westport Aero 16.3 16.5 15.3 13.2 11.3 9.3 8.8 9.2 10.7 11.9 13.2 15.0 12.6 

Hokitika Aero 15.7 15.9 14.4 12.3 10.1 8.1 7.4 8.2 9.7 11.3 12.7 14.3 11.7 
Franz Joseph 14.9 15.1 13.7 15.8 13.7 7.6 6.9 7.6 9.0 10.3 11.7 13.3 11.6 
Milford 14.7 14.8 13.3 10.9 8.3 5.8 5.2 6.8 8.4 10.2 11.7 13.4 10.3 
Christchurch 17.6 17.2 15.4 12.7 9.6 7.1 6.7 7.8 10.0 12.5 14.0 16.1 12.2 
Mount Cook 14.6 14.7 12.2 9.4 6.4 3.4 2.4 3.9 6.7 8.9 10.8 12.9 8.8 
Darfield 17.6 17.2 15.1 12.3 9.4 6.7 6.1 7.5 9.6 11.9 13.4 15.7 11.9 
Ash burton 17.4 16.9 14.8 11.9 8.8 6.2 5.6 7.4 9.7 12.1 13.6 15.5 11.7 
Waimate 16.1 15.6 13.9 11.6 9.0 6.5 6.0 7.2 9.0 11.3 12.6 14.5 11.1 
Dunedin 15.3 15.0 13.7 11.7 9.3 7.3 6.5 7.7 9.3 11.2 12.2 13.9 11.1 
Alexandra 17.8 17.4 14.7 11.0 7.4 3.6 3.1 6.1 9.2 11.8 14.0 16.3 11.0 
Queenstown 16.6 16.3 14.0 10.8 7.6 4.7 4.0 5.8 8.5 10.9 12.8 15.1 10.6 
Gore 14.7 14.5 12.6 10.4 7.9 5.4 4.7 6.3 8.6 10.4 11.7 13.6 10.1 
Invercargill Aero 14.0 13.9 12.4 10.3 8.2 5.9 5.2 6.7 8.4 10.1 11.2 16.9 10.3 

*Editor's Note: The most recent data has been kept separate from earlier data (see previous 
page), to give readers the opportunity to note changes/trends over time. 
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11.1.6 Soil Temperatures at 9:00a.m. (10 em depth)-
Monthly & Annual Averages [For the period 1951 to 1980] 

North Island Soil Temperatures 

Location Jan Feb Mar Apr May Jnn Jul Aug Sep Oct Nov Dec Year 
Kaitaia Aero 18.9 19.1 17.8 15.2 12.5 10.8 9.6 10.1 11.5 13.8 15.4 17.4 14.3 
Kerikeri 20.6 20.6 19.0 16.0 13.2 11.0 9.7 10.3 12.1 14.8 17.4 19.3 15.3 
Dargaville 20.8 20.4 18.6 15.6 12.8 10.9 9.6 10.4 12.2 14.9 17.4 19.5 15.3 
Woodhill Forest 21.5 21.7 20.3 17.7 14.9 12.6 11.3 11.7 13.3 15.7 17.9 19.9 16.6 
Albert Park, Ak 21.9 22.1 20.8 17.8 14.6 12.1 10.7 11.4 13.3 15.8 18.2 20.5 16.6 
Auckland Aero 20.3 20.1 18.7 15.6 12.5 10.2 8.9 10.0 11.7 14.0 16.3 18.5 14.7 
Tauranga Aero 19.4 19.4 18.0 15.1 11.6 9.3 8.2 9.3 11.0 13.5 15.9 18.0 14.1 
Whakarewarewa 18.9 18.8 16.8 13.6 10.2 7.7 6.3 7.3 9.6 12.5 15.1 17.3 12.8 
Taupo 18.3 17.9 15.6 11.9 8.4 6.0 4.8 5.9 8.1 11.4 14.3 16.8 11.6 
Ruakura 18.9 18.9 17.3 14.4 11.2 8.8 7.7 8.7 10.8 13.4 15.7 17.7 13.6 
Te Kuiti 19.8 19.6 17.7 14.6 11.2 8.7 7.4 8.6 10.8 13.6 16.1 18.3 13.9 
New Plymouth 18.4 18.6 16.9 13.8 11.0 8.8 7.8 8.5 10.4 12.7 14.9 17.0 13.2 
Masterton 17.9 17.3 15.5 11.9 8.6 6.3 5.5 6.4 8.5 11.3 14.1 16.6 11.7 
Waipukurau 18.8718.3 15.8 12.4 9.0 6.3 5.4 6.5 8.7 11.9 15.2 17.6 12.2 
Dannvirke 18.1 17.7 15.6 12.1 8.7 6.5 5.5 6.5 8.8 11.7 14.7 16.8 11.9 
Ruatoria 20.9 20.2 17.9 14.4 10.4 8.0 7.1 8.2 10.8 14.0 16.9 19.3 14.0 
Gisbome Aero 20.3 19.7 17.2 13.7 10.3 7.8 6.9 8.0 10.4 13.6 16.7 19.2 13.7 
Hastings 44-66 20.3 19.9 16.8 13.0 9.5 6.4 5.7 6.8 9.6 13.3 16.6 19.4 13.1 
Hastings 65-80 20.7 19.6 17.3 13.3 9.4 6.6 6.1 7.4 9.8 12.9 16.3 19.2 13.2 
Marton 17.9 17.7 15.5 12.4 9.4 7.5 6.2 6.8 9.1 11.9 14.4 16.8 12.1 
Palmerston Nth 18.5 18.1 16.3 13.2 10.1 7.7 6.7 7.6 9.9 12.5 15.1 17.3 12.8 
Levin 18.4 18.1 16.3 13.1 10.0 7.6 6.5 7.5 9.7 12.6 15.0 17.2 12.7 
Ke1bum 17.4 16.9 15.1 12.2 9.4 7.0 6.2 6.9 8.8 11.4 13.9 16.2 11.8 
Makara 16.2 15.8 14.2 11.7 9.1 6.8 5.8 6.6 8.4 10.6 12.7 14.9 11.1 
W allaceville 18.2 17.6 15.7 12.7 9.7 7.2 6.2 7.1 9.4 12.1 14.6 17.0 12.3 
Stratford 17.3 17.1 15.4 12.6 9.4 7.2 6.1 7.0 8.9 11.5 13.7 16.1 11.9 
Wanganui 19.2 18.7 16.8 13.3 9.9 7.5 6.6 7.6 9.7 12.7 15.6 18.1 13.0 

See over page for South Island soil temperatures 
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South Island Soil Temperatures at 9:00a.m. (10 em depth) 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Riwaka 19.5 18.7 16.0 11.8 7.6 4.6 3.9 5.5 8.7 12.5 15.6 18.1 ll.9 
Golden Downs Fst 17.4 16.7 14.5 10.8 6.9 4.1 3.0 4.3 7.1 10.7 13.8 16.2 10.5 
Appleby 19.5 19.0 16.5 12.6 8.7 5.7 4.7 6.1 9.1 12.7 15.9 18.2 12.4 
Nelson Aero 18.2 17.6 15.5 11.8 8.2 5.3 4.2 5.6 8.3 11.8 14.5 17.0 ll.5 
Moutere Hills 18.8 18.2 15.9 12.2 8.6 5.9 5.1 6.1 8.6 11.8 14.4 17.3 ll.9 
Hokitika South 17.3 16.6 14.7 11.8 8.6 5.8 5.0 5.8 8.4 11.4 13.7 15.8 ll.2 
Hokitika Aero 17.0 16.9 15.2 11.9 8.3 5.3 4.7 5.8 8.4 11.3 13.5 16.1 ll.2 
Blenheim 19.4 18.6 15.8 11.9 8.1 5.0 4.6 5.9 8.8 12.6 15.9 18.3 12.1 
Molesworth 15.6 14.8 11.6 7.2 3.4 0.8 -0.1 1.0 3.6 7.6 11.3 14.3 7.6 
Rangiora 17.6 16.8 14.8 11.1 7.1 4.1 3.6 4.8 7.5 10.9 14.1 16.7 10.8 
Christchurch Aero 17.4 16.5 14.3 10.8 7.1 4.2 3.7 4.6 7.2 10.7 13.8 16.4 10.6 
Lincoln 17.4 16.7 14.3 10.9 7.4 4.5 3.9 5.0 7.5 10.8 13.8 16.4 10.7 
Winchmore 16.3 15.6 13.4 10.2 6.5 3.6 2.9 4.0 6.7 10.1 13.0 15.2 9.8 
Ashburton 18.5 17.6 14.8 10.9 6.6 3.4 2.7 4.2 7.6 11.8 15.2 17.6 10.9 
Ikawai 16.2 15.4 13.7 10.7 7.0 3.6 3.3 4.5 7.3 10.6 13.5 15.9 10.1 
Adair 16.2 15.6 13.6 10.3 6.9 4.0 3.2 4.4 7.1 10.4 13.1 15.0 10.0 
Timaru 17.5 16.7 14.3 10.4 6.5 3.0 2.5 4.0 7.2 10.8 14.1 16.8 10.3 
Tara Hills 17.0 16.0 13.1 8.5 4.0 1.1 0.3 1.8 4.9 9.2 12.8 15.8 8.7 
Palmerston 15.7 15.0 12.8 9.4 6.0 3.1 2.9 4.0 6.4 9.3 12.6 15.1 9.4 
Invermay 15.0 14.5 12.6 9.3 6.3 3.8 2.9 4.0 6.3 9.3 11.9 14.1 9.2 
Dunedin Aero 14.5 14.3 12.5 9.6 6.5 3.7 3.2 4.3 6.5 9.0 11.2 13.7 9.1 
Eamscleugh 17.3 16.3 13.4 8.7 4.6 1.7 0.9 2.0 5.5 10.1 13.7 16.6 9.2 
Alexandra 16.4 15.4 13.2 9.0 4.8 1.9 1.3 2.6 5.9 9.7 13.0 15.6 9.1 
Otautau 14.9 14.2 12.3 9.4 6.2 3.8 2.9 3.8 6.3 9.3 11.9 14.2 9.1 
Winton 14.7 14.0 12.3 9.2 6.3 3.6 3.1 4.1 6.2 8.6 11.3 13.9 8.9 
Gore 14.9 14.1 12.3 9.1 6.0 3.8 2.7 3.8 6.2 9.1 11.8 14.0 9.0 
Invercargill Aero 14.1 13.6 12.1 9.5 6.7 4.6 3.5 4.3 6.5 9.0 11.1 13.3 9.0 
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11.1.7 Bright Sunshine Hours- Monthly & Yearly Averages 
[For the period 1951 to 1980] 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Kaitaia Airport 234 191 179 163 149 127 144 155 169 184 201 217 2113 
Kerikeri 226 171 158 151 137 121 135 154 144 174 205 212 1988 
Kaikohe 210 172 157 145 136 109 127 131 141 165 184 203 1880 
Dargaville 224 184 174 144 130 102 124 139 151 171 193 213 1949 
Whangarei AP 218 170 158 146 133 113 130 140 151 171 193 200 1923 
Albert Park 210 181 172 148 125 112 117 129 137 171 197 205 1904 
Thames 213 180 167 138 121 101 117 128 137 163 193 200 1858 
Ruakura 225 187 179 159 124 104 120 138 152 174 200 219 1981 
Waihi 215 179 167 151 125 108 122 126 146 173 192 293 1907 
Tauranga AP 244 202 192 178 155 131 150 153 169 194 220 229 2217 
Whakatane 244 208 204 191 166 142 161 168 183 207 223 228 2325 
Te Kuiti 202 171 154 137 114 90 103 112 126 148 173 187 1717 
New Plymouth 239 204 188 166 136 109 134 150 156 178 197 225 2082 
Stratford 234 199 173 153 127 104 119 128 145 183 193 220 1978 
Wanganui 236 208 181 158 125 104 117 139 154 184 207 220 2033 
Rotorua 247 201 192 171 156 116 140 145 149 191 216 227 2151 
Taupo 232 193 180 160 133 107 122 132 152 187 204 213 2015 
Turangi 220 189 185 162 150 127 126 135 151 179 188 193 2005 
GisbomeAP 239 201 190 162 141 124 135 144 172 208 230 227 2173 
Wairoa 234 200 192 158 134 113 124 143 168 204 226 221 2117 
Napier 237 198 196 164 145 127 137 147 175 214 225 222 2187 
Waipukurau 206 179 174 151 132 117 124 135 156 192 199 187 1952 
Palmerson Nth 207 186 167 136 108 93 100 118 129 158 172 190 1764 
Levin 211 188 166 147 119 106 117 129 140 163 172 196 1954 
Dannevirke 205 182 168 136 106 91 96 109 127 171 183 185 1759 
Masterton 231 194 178 145 112 101 102 123 149 196 208 205 1944 
Kelburn 237 200 183 150 115 105 107 127 161 194 209 220 2008 

Riwaka 269 232 208 184 161 145 153 170 193 226 234 248 2423 
WestportAP 216 190 165 145 117 110 122 143 148 160 175 202 1893 
HokitikaAP 203 180 160 145 122 115 122 150 155 161 174 202 1889 
Haast 206 172 153 141 124 121 131 145 146 160 168 188 1855 
Blenheim 250 192 194 184 158 145 156 173 193 231 232 233 2341 
Kaikoura 218 188 170 159 132 125 128 151 169 208 212 207 2067 
Hanmer For. 212 186 169 148 109 93 104 132 158 189 188 193 1881 
Lincoln 220 192 169 151 123 116 118 143 167 204 210 219 2032 
Onawe 214 183 161 137 100 91 93 125 163 199 203 208 1877 
High bank 211 187 166 157 137 132 137 156 172 198 203 209 2065 
Ashburton 198 171 149 147 126 122 126 145 155 185 188 197 1909 
Timaru 184 164 140 137 123 120 124 136 152 179 183 186 1828 
Lake Tekapo 255 225 200 170 129 100 111 154 183 214 229 249 2219 
Waimate 171 153 131 131 124 118 121 133 147 165 165 163 1722 
Omarama 231 199 182 161 136 122 129 155 171 191 202 216 2095 
Invermay 175 160 140 123 100 92 99 120 138 162 157 175 1641 
Alexandra 230 204 185 153 120 93 99 144 171 201 207 227 2034 
Balclutha 187 167 139 119 93 90 98 122 136 165 170 182 1668 
Gore 182 166 138 114 98 85 96 129 139 165 168 185 1665 
Invercargill AP 180 165 135 102 88 73 88 121 134 156 169 184 1595 
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11.2 FACTORS INFLUENCING THE CLIMATE 

11.2.1 The Atmosphere 

Gases 
• The earth's atmosphere primarily comprises of nitrogen (78 %) and oxygen (21 %). 
• Water vapour, carbon dioxide and methane play vital roles as natural greenhouse gases. 

Greenhouse gases: 
Allow visible sunlight to pass through to heat the ground. 
Strongly absorb infrared radiation (IR) that is radiated from the ground, warming 
up and radiating down and up. The downward component is the natural greenhouse 
effect that provides over 30°C of warming, making the earth habitable. 

Water and Wind 
In addition to being a greenhouse gas, water plays many important roles in the atmosphere. 
Excess energy in one place can cause evaporation of water and the formation of clouds 
(partially condensed water). They are carried by wind that pushes them down the thermal and 
pressure gradients to cooler places. Here the clouds, when lifted, have much of their water 
released as rain. This also releases the stored latent heat that originally came from the hot area 
and was absorbed by the evaporating water. The ocean currents and major atmospheric 
circulation flows work together to reduce the tropical temperatures and raise the polar 
temperatures, making the earth's climate much more moderate. In the Southern Hemisphere, 
the wind curves anticlockwise around anticyclones, and clockwise around depressions. The 
anticyclones are characterised by broad and weak pressure gradients that produce weak 
regional winds and sinking air, that tends to suppress regional clouds. Local sunny warm spots 
produce local cumulus clouds. Coastal sea breezes can produce local stratocumulus clouds. 
Depressions have strong pressure gradients, stronger winds, rising air and therefore more 
cloud and rain. 

Radiation Balance 
Solar radiation is transformed as it passes through the atmosphere and interacts with clouds 
and the earth's surface. 

Visible light is scattered by the atmosphere, affecting blue much more than red, thus 
producing the blue sky. When the sun is close to the horizon, the path through the atmosphere 
is very long, almost all the blue is scattered away, leaving red, orange and yellow to dominate 
sunrise and sunset. 

At the earth's surface during the daytime there is both down-coming visible light, and 
visible light reflected from the surface (depending on the colour and texture of the surface). 
Warmed substances at earth-type temperatures radiate in the infrared part of the spectrum. As 
mentioned above, greenhouse gases send a proportion of the infrared radiation back. Clouds 
are more 'solid' absorbers than gases, and low cloud-bases are warmer than the average clear 
sky. At night there is a net loss of radiation, because there is no sunshine and the earth radiates 
more infrared radiation upwards than the sky radiates downwards. This produces cooling at a 
rate depending on the cloudiness. Overcast cloud conditions produce much less radiation loss 
than clear skies. This is why cloudy winter nights are mild, and clear winter nights can 
produce frosts. 
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When the sun rises, its beam is quite weak because of its long path through the atmosphere, 
and most is reflected away because of the small glancing angle. Hence, after dawn, the ground 
still cools until the net incoming sunshine exceeds the net infrared loss rate. Therefore, the 
coldest hour is the hour after dawn. As long as the incoming rate of solar energy is producing 
a positive net radiation balance, the ground temperature and near-ground air temperature will 
rise. This positive net input can proceed until late in the afternoon on sunny days. The daily 
maximum temperature generally occurs between 2 and 3 pm (not at noon), because of this 
effect. However, the warmer the near-ground air gets, the more vertical mixing occurs to 
spread the heat over a deeper and deeper layer of air, through convection. This limits the 
afternoon warming. Along the coasts this also produces a sea breeze that brings cooler, moist 
air from the sea onto the land to reduce the temperature rise. Later in the afternoon these 
processes start to reduce the temperature, and as the sun goes down, so does the temperature. 

11.2.2 Global Circulation 

The excess heat in the tropics, and the defiCit in the polar zones, produces a temperature 
gradient that drives the Global Circulation. A good approximation of the Global CirculatioP 
pattern is the "3-cell system", see Figure 11.1. 

Figure 11.1: The 3-cell Global Circulation System for the Southern Hemisphere 
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* ITCZ is the Inter-Tropical Convergence Zone 
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Hot air rises along the equator as the Trade Winds converge on the Inter-Tropical 
Convergence Zone (ITCZ). The air moves north and south in the Hadley Cells. At around 
30 - 40° south latitude, the air sinks to form the high pressure zone called the Sub-Tropical 
Ridge. The spin of the earth makes the Southern Hemisphere air curve, producing the westerly 
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winds of the Roaring Forties. The cold sinking air over the Antarctic produces southeasterly 
polar winds that move northwards to meet and mix with westerly winds in the low pressure 
zone of the Sub-Polar Trough. This is the surface boundary between the mid-latitude Ferrel 
Cell and the Polar Cell. New Zealand lies generally under the Ferrel Cell, with prevailing 
westerly winds. 

K- 13 



11.3 THE NEW ZEALAND CLIMATE 

11.3.1 Effect of Location 

New Zealand's climate comes about because of its isolated island formation in the mid
latitudes of the Southwest Pacific. We are halfway between the Equator and the Pole. The 
South Island and Stewart Island (47°S) extend into the strong westerly band called the 
"Roaring Forties". The North Island extends northwards into sub-tropical latitudes (34°S). 
The range of latitudes, and the mountain range running from East Cape to Puysegur Point, 
provides a strong east I west contrast. With prevailing westerly winds, the west coasts are 
wetter, and the eastern coastal areas are drier, because of the rain-shadow effect. Annual 
rainfall varies from over 10 m in the Fiordland mountains, to less than 400 mm in parts of 
Central Otago. 

No part ofNew Zealand is more than 130 km from the sea. Coastal proximity and sea 
breezes provide for a moderated maritime climate within several tens of kilometres of the 
coastline. The elevated central plateau of the North Island and the inland areas of Central 
Otago have more extreme climates, similar to continental regions. The February average 
temperature at Kaitaia is 20.3 °C. July has ll.8°C (8.5°C cooler). In contrast, Alexandra is 
hottest in January at 17.3 ac and coldest in July at 2.8°C (14.SOC colder). Average annual 
temperatures vary from 16 oc in Kaitaia to 9.2 ac at Lake Tekapo. 

The general westerly wind flow in our latitudes carries the regional weather systems from 
west to east. The central feature is the anticyclone band (high pressure, H) of the sub-tropical 
ridge (see Figure 11.1, page K-12). To the north there are warm, sub-tropical depressions. 
These can deepen to become the South Pacific equivalent of a hurricane, called Tropical 
Cyclones. These usually form in the very warm waters of the Coral Sea, off the northeastern 
coast of Queensland. From the south, cold air masses enter our latitudes in the form of 
depressions (low pressure, L), usually accompanied by one or more cold fronts (the front of a 
distinct cold mass of air). A typical summer regional weather pattern is illustrated below. 

Figure 11.2: A Regional Weather Map, Typical of Summer 
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In summer, with a lag of about two months behind the sun, the sub-tropical ridge is well down 
south (see Figure 11.1, page K-12). This results in warmer, more settled and sunny weather 
across the country, with a greater probability of sub-tropical depressions bringing warm, wet 
conditions to the north of the North Island. These can bring localised thunderstorms, heavy 
rainfall and flooding. Occasionally, late in the summer season, a tropical cyclone can approach 
New Zealand from the north. For example, Cyclone Giselle in 1968 (the Wahine Storm), and 
Cyclone Bola in 1988. 

In winter, the sub-tropical ridge moves northwards (see Figure 11.1). The sub-polar 
depressions also move northwards and bring more frequent southerly changes, with cold damp 
weather. Over a typical weekly pattern these cold, damp, low pressure conditions are usually 
separated by an anticyclone which brings cold frosty weather, especially inland and further 
south. Cold, moist southerlies can give snowfalls in the South Island mountains and the 
elevated plateau of the central North Island. When a winter anticyclone extends a narrow ridge 
to the south of the South Island, moist cold southerly winds approach the east coast of the 
South Island, and can produce heavy snow down to sea level in Otago and Canterbury. 

The degree of variation of the sub-tropical ridge latitude is strongly influenced by the 
amount of sun-spot activity. This produces an 11-year cycle of rainfalls and inflows of the 
hydro lakes in the South Island (see also Section 11.5.2, page K-27). 

11.3.2 Winds, Clouds and Rain 

At all times of the year, a northwesterly airflow produces rainfall along the west coast of both 
islands, and warmer, drier weather along the east coast. In Europe, this nor'wester is called a 
Fohn Wind. In Los Angeles it's called the Santa Ana, and in Alberta the Chinook (Snow 
eater). This causes some people to have headaches, depression, aches and pains. Teachers find 
children harder to control. On farms, soils dry out rapidly and recently cultivated paddocks 
can lose the topsoil to 'wind blow'. Heavy rain in the mountains causes the large mountain
catchment rivers to rise, sometimes to flood levels, especially if it involves spring snow-melt. 

Mid- to late-summer is the main time for large thunderstorms that can cause forest fires 
through lightning strikes in dry periods. Along the east coast, pre-frontal summer 
thunderstorms have produced heavy hail stones, as big as tennis balls on some occasions. 
(Incidentally, robust scientific analysis and practical experience going back over a century 
shows that hail cannons do not protect from hail, but do cause localised noise problems! Hail 
netting and hail insurance do provide reasonable protection.) 

Daily temperature patterns produce more afternoon convection (hot air rising), especially 
in summer. This results in afternoon convective clouds, cumulus clouds, especially over 
ridges of sun-warmed hills and along the inland travelling sea breeze front. When the air is 
very unstable on a summer afternoon, then very strong convection can occur and produce 
thunderstorms. Cumulonimbus clouds are a major source of severe and damaging weather. 
They generate hail, heavy rain, local flooding, tornados, lightning and gust fronts (see Figure 
11. 3, over page). 
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Figure 11.3: Major Cloud Types 
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Clouds are systematically named according to their shape (flat= stratus, bubbling= cumulus, 
and streaky ice crystals= cirrus), the height of their cloud base (low= strata, middle= alto, 
and high= cirro ), and their precipitation activity (nimbostratus and cumulonimbus). Stable 
air favours stratus clouds, and unstable air cumulus clouds. 

The flat top of the cumulonimbus cloud is produced by the stable air of the stratosphere 
thatlies above the troposphere (the surface layer up to about 11 km over New Zealand). The 
stable air in the stratosphere is formed by the absorption of ultraviolet radiation (UV) by the 
ozone layer, with the maximum temperature of about -1 ooc to ooc at a height of 50 km. 
Below this, the temperature decreases, creating a temperature inversion. The troposphere is 
heated from below by the absorption of visible sunlight by the earth's surface. The 
atmospheric temperature decreases with altitude at a mean rate of about 6 co per kilometre. It 
reaches a minimum temperature of about -50°C at nearly 10 - 11 km. This is called the 
tropopause. 

11.3.3 Sunshine Hours 
(See also Section 11.1. 7, page K -1 0) 

• Annual sunshine hours vary with latitude and cloudiness. 
• Day-lengths are longest in Northland in winter, and decrease as you move southwards. 
• In summer, day-lengths are longest in Southland, and decrease as you move northwards. 
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• The maximum sunshine hours therefore tend to occur in central New Zealand, with 
slightly more on the east than on the west. 

Blenheim averages 2341 hours, and Nelson 2397 hours. 
Down the east coast, there are typically 2000- 2300 hours, while Kaitaia has 2113, 
New Plymouth 2082, Hokitika 1889 and Haast 1855 hours. 
In Central Otago, Alexandra has 2034 hours, while Dunedin 1685 and Invercargill 
1595 hours. 

11.3.4 Climatic Zones 

Because of New Zealand's broad latitudinal range and complex topography, it has a wide 
range of climatic zones that are mainly dominated by the relationship to the mountains (see 
Figure 11.4, over page). 

The climatic zones are characterised by temperature, rainfall and seasonal variations: 

Ao: Very warm, humid summers, mild winters, Annual rainfall 1100 - 1500 mm, with 
winter maximum. 

A2: Similar to "A0 ", but annual rainfall1500- 2500 mm. 
B: Very warm summers and mild winters. Very sunny. Annual rainfall 1000- 1500 mm, 

with winter maximum. 
C: Very warm summers and moderate winters. Annual rainfalllOOO- 1500 mm, with 

winter maximum. 
Co: Similar to "C", but drier. Annual rainfall 650 - 900 mm. 
C2: Similar to "C", but cooler and wetter. Annual rainfall 1500 - 2000 mm. 
D: Warm summer, mild winters. Evenly distributed annual rainfall900- 1300 mm. 
D2: Wetter than "D"; rainfall 1300- 2000 mm. 
E : Mild temperatures. Annual rainfall 1500 - 5000 mm, with winter minimum. 
F: Warm summers, cool winters. Annual rainfall600- 750 mm, with slight summer 

max1mum. 
F2 : Similar to "F", but cooler and wetter. Annual rainfali 750- 1500 mm. 
F 0 : Semi-arid areas. Very warm, dry summers, cold winters. Annual rainfall320- 600 mm. 
G: Warm summers, cool winters. Evenly distributed annual rainfal1650- 900 mm. 
G2: Wetter, slightly cooler than "G". Rainfall 900- 1300 mm, with cloudy, windy 

conditions near coast. 
M: High rainfall, mountain climate. 
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Figure 11.4: Climatic Districts of New Zealand 
(Adapted from Robertson, in McLintock [1960] and cited from White and 
Hodgson) 
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11.4 CLIMATE CHANGE 

There are two main, but very different, climate changes taking place - Ozone Depletion and 
Global Warming. 

11.4.1 Ozone Depletion 

Chlorofluorocarbons (CFCs) are human-invented chemicals that, when they are close to the 
ground (within about 600 m), enhance the global warming. In addition, when they are in the 
stratosphere, they are exposed to ultraviolet radiation (UV), which removes a chlorine atom. 
This becomes attached to an oxygen atom from ozone (03), leaving Oz, which is not able to 
absorb the UV. Over Antarctica in winter there are very high ice clouds that collect chlorine 
atoms. When the sun rises in the spring after the totally dark Antarctica winter, the ice clouds 
evaporate and release a cloud of chlorine that massively depletes the ozone and causes the 
Ozone Hole. In late spring and early summer this 'hole' reaches its maximum, and can extend 
well beyond the Antarctic continent. The hole then gradually fills-in over several months. The 
ozone depletion allows more UV to come down to the earth's surface. 

Farmers and growers are outside workers who are frequently exposed to summer sunshine 
between the hours of 11 am and 4 pm. During these times, UV radiation damages skin, with 
bum-times of between 12 and 30 minutes, depending on the time, latitude and date. As a 
consequence, outdoor workers have significantly increased risks of skin cancer, fatal 
melanoma, lymphoma, leukaemia and eye cancer. Ultraviolet radiation also reduces the 
performance of our immune systems, making us more susceptible to infections from bacteria 
and viruses. Ozone depletion over New Zealand has been happening at the rate of about 5 % 
per decade, with approximately 10 % increase in UV per decade. During summer and autumn 
the ozone hole breaks up and sends 'blobs' of ozone-depleted air spinning northwards. These 
parcels of ozone-depleted air can pass over New Zealand to give increased UV for a few days. 
It is important for outdoor workers to listen for reports of this, and be especially careful at 
these times and during the heat of summer. 

The CFCs and other ozone-depleting chemicals stay in the stratosphere for decades. Hence, 
we expect ozone depletion to get worse before the atmosphere will start to recover, around the 
second quarter of next century. 

11.4.2 Global Warming -the Greenhouse Effect 

According to the authority on climate change, the Inter-Governmental Panel of Climate 
Change (IPCC), Global Warming is a phenomena that is enhanced by human activity. In their 
2001 report, they constructed a 1000 year time series of the Northern Hemisphere 
temperature, see Figure 11.5 (over page). 
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Figure 11.5: The 1000-year Northern Hemisphere Mean Temperature* 
(* The temperature has been smoothed. Graph shows the departure 

from the mean temperature during 1960-1990, adapted from IPCC 2001}. 
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In New Zealand, we were approximately 1.4°C warmer 14 000 years ago. Since then, we 
have been cooling at approximately 0.1 oc per 1000 years. This has continued over the last 
1000 years until about 150 years ago, when the industrial development started much burning 
of 'fossil fuels'. This has resulted in rising temperature, especially after the Second World 
War, resulting in over 0.6°C of warming. Over the last 300 years, the sunspot activity has 
been recorded and shows an approximately 80-year cycle. It accounts for a temperature 
variation of about 0.1 oc from the average trend. The Global Warming I rising temperature 
trend will continue for more than a century after we stabilise atmospheric carbon dioxide 
levels, by significantly reducing fossil fuel usage and deforestation. 

11.4.3 Climate Change and Droughts 

Climate change associated with Global Warming is producing more frequent droughts, 
especially along the east coast of the South Island. Research at Lincoln University shows that 
the anticyclone belt (Sub-Tropical Ridge, see Figure 11.1, page K-12), is moving slowly 
further south, with higher centre pressures. This is consistent with our assumption that warmer 
tropical waters enhance the Hadley circulation across Australia. The sinking air generates the 
Australasian anticyclone. This is leading to progressively more WSW winds, and more 
frequent anticyclonic droughts over the South Island. As a consequence, there are more 
frequent flood events in the north of the North Island, as the subtropical depressions also 
move further south. 
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Droughts are a major feature of farming in New Zealand, especially along the east coasts of 
both islands, where annual average rainfalls are less than 1000 mm. MAF estimated that the 
1987 - 1989 drought cost over $1.2 billion. The 1968 - 1970 drought cost Canterbury alone 
over $500 million in 1996 dollars. Drought is not simply the absence of rainfall - timing of 
rainfall events is critical. At the Climate Research Unit of Lincoln University, we define 
drought as a significant period of zero soil moisture, such that a significant loss of production 
is experienced. The climatology of this is shown below. Since the Second World War, the 
wind direction has been more frequently and stronger from the WSW, the temperature has 
risen, the rainfall has declined a little and the evaporation rate has increased, resulting in the 
"dry-soil day trend", as shown in Figure 11. 6. 

Figure 11.6: Annual Total Deficit Days* 
(* The number of days each year when there is effectively zero soil moisture 

to a depth of 100 mm. The data was derived from a model comparing 
rainfall and evapotranspiration at Lincoln University.) 
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Figure 11.6 shows a strong trend of increasing seasonal dryness, and more frequent droughts. 
Prior to 1966, we would have defined the drought seasons (summer) as having more than 90 
dry-soil days. Most years after 1980 exceed this level. Even if we were now to define drought 
seasons as having more than 140 dry-soil days, this still results in several drought-years per 
decade, often in continuous sequences. This is strong evidence ofthe effect of Global 
Warming on New Zealand. The Intergovernmental Panel on Climate Change (IPCC) has 
concluded that human activity is causing serious changes in the global climate, including 
warming and increased extremes of droughts, floods, out-of-season frosts and hurricanes. 
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11.4.4 Climate Change Responses for Farmers 

The clear, direct impact of climate change on farmers is the effects on plant growth. The 
secondary effects come from the measures taken to reduce global warming, and the 
vulnerability to petroleum price increases and supply restrictions. New Zealand's strong 
dependence on primary production gives it a high methane output from animals, especially 
cattle (see Section 1.8). Forestry and tree growth is a potential way to bind (sequester) carbon 
in the wood, in addition to providing shelter, stabilising soil, etc., (see Section 8.1.9.4). 

Carbon dioxide sequestration involves the permanent increase in the volume of wood on a 
property (not just the temporary growth and harvesting of trees). The net sequestration is 
improved when the harvested wood remains as wood in construction or furniture, but not 
when it is used for firewood. 

Farm businesses are much more dependent on transport and on-farm mechanical energy 
than many of their urban counterparts. They are also much more at risk of energy uncertainty 
(price and supply). We are entering the long-predicted period of uncertainty, as we approach 
the end of the more easily abstracted and cheaper oil supplies. A progressive move away from 
imported fuels, to locally generated fuels from renewable sources, would reduce the 
vulnerability and give rural communities greater security. 

The potential solutions include biofuels and wind farms for electricity supplies. Effluent 
digesters can convert methane-producing product into usable energy that results in much less 
carbon dioxide production. While carbon dioxide is the dominant global warming 
contaminant because of its massive volume, each molecule of methane is more active because 
it blocks infrared bands not blocked by other gases. 

'Passive-solar' homes can also play a part in reducing the imported home-heating energy 
by up to 90 %. Solar water heaters can provide a significant fraction of hot water supplies. 
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11.5 WEATHER FORECASTING 

11.5.1 Short Term Forecasting 

Sources of Weather Forecasts 
Daily and extended-range weather forecasts produced on TV and Radio are formulated by 
Meteorological Service NZ Ltd., and Weather Workshop Ltd. In Canterbury we have Blue 
Skies. Forecasts can also be obtained on the Met. Phone 0900 999 plus your STD code. Some 
of the newspaper forecasts are produced by private weather forecasters. The weather forecast 
relies heavily on the surface and upper-air weather maps, satellite images and computer 
models. Many Web-sites are good for weather forecasting information. 
For example: www.metservice.co.nzlhome/index.asp 

www.meteorology.geo.vum.ac.nz 

Local Knowledge is Essential 
Probably the most important single "tool" is the forecaster's own knowledge and skill. With 
the complex topography of New Zealand, lying in a dynamic weather zone between the sub
tropical ridge and the sub-polar trough (the Roaring Forties), New Zealand's weather is 
extremely difficult to forecast accurately for every place in the country, and for periods 
longer than a day. The official recommendation of the Meteorological Service is to look 
closely at the weather map and the satellite image, and the pattern they show (or The 
Situation) on radio, then produce your own forecast for your local area. This should be an 
interpretation based on observations, of how each weather situation produces your local 
weather at each time of the year. 

Study the Daily Weather Map 
Good familiarity with the weather map is crucial. Keeping track of the day-by-day movement 
of weather systems is important. Most weather systems move from west to east across the 
weather map, sometimes from the northwest and sometimes from the south to southwest. 
Occasionally a system will approach us from the north and east, such as a tropical cyclone or 
sub-tropical depressions. The weather map indicates the presence of weather systems and the 
wind flow around and between the systems, along with discontinuities called Fronts. 

Regional winds flow parallel to the isobars on the weather map, but local winds can be 
quite different. Local winds flow around hills and mountain ranges, while onshore and 
offshore sea breezes occur along our long coastline, especially in summer when an anticyclone 
brings clear skies and light regional winds. Regional wind speeds are stronger when isobars 
are close together. Hence depressions, with close isobars, have moderate to strong winds 
whereas anticyclones, with widely spaced isobars, have regionally light winds. 
Anticyclones - Settled Weather 
Anticyclones, with their clearish skies and light winds, bring very different kinds of weather 
in summer than in winter. Airis sinking in an anticyclone, making the air more stable and 
suppressing large scale cloud formation. With the long summer days and short summer 
nights, anticyclones bring warm settled days, and coastal sea breezes in late morning and into 
the afternoon. Sea breezes tend to penetrate further inland as the day progresses, and can 
produce winds of20 to 30 kmlhr. Inland valleys experience afternoon upslope winds, and fair 
weather cumulus cloud formation, especially above ridgelines. In Northland, very warm, 
humid conditions, with convergent sea breezes coming in from both coasts, is the source of 
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summer rain and thunderstorms. In winter, the long nights and short days give more radiative 
cooling at night than solar warming during the day, with very cold nights and frosts, 
especially in sheltered areas away from the moderating influence of the ocean, lakes and 
rivers. The more settled weather produced by anticyclones in spring and autumn is often 
associated with fog, especially near rivers and in more humid, sheltered regions such as the 
Waikato. 
Depressions - Unsettled Weather 
Air rises in depressions when cold air is pushed under warmer air in 'fronts'. This makes low 
pressure areas (depressions and troughs) cloudy and often rainy. Depressions bring windy, 
cloudy and damp air which produces similar weather in summer and winter. A big difference 
in depressions occurs if they are sourced from the Southern Ocean, when it is very cold, or if 
they are sourced from the warmer waters of the Tasman or Coral Seas, when they are warm, 
humid and sometimes very wet. Very deep tropical depressions are called Tropical Cyclones 
in the Southwest Pacific. The same systems are called Hurricanes in the Atlantic Ocean. They 
bring extremely heavy rain and damaging winds. Rainfall is especially high on the upwind 
slopes of hills and ranges. Sub-tropical depressions can produce local flooding and tropical 
cyclones can produce wide-spread flooding. 
Fronts - Rapid Change 
A front is literally the front of a new air-mass. A cold front is the front of cold air which is 
displacing warmer air. It is usually associated with a depression (see above). Some 
depressions have several cold fronts. Immediately ahead of a cold front, warm air is rising 
because cold air is heavier than the warm air. Hence, this frequently forms a line of cloud, or 
a rain-band, along the cold front. In summer thunderstorms, lightning, hail and tornadoes can 
be produced in the pre-frontal air, especially later in the afternoon when there has been time 
to heat the air, and sea breezes have been pulling moist air off the sea and over the land. 
Very few warm fronts are seen in the New Zealand region. This is largely because Australia 
is a major source of warm air. By the time this air has crossed the Tasman Sea, the near
surface air has been cooled by evaporating water into it, and so is no longer a great deal 
warmer than southerly-sourced air which has warmed a little as it has progressed northwards. 

The winter and spring cold fronts can bring snow to low levels, particularly if the 
airstream that approaches the country is southerly and southeasterly. Heavy snowfalls in the 
South Island occur when very cold southerly air swings around a ridge of high pressure 
extending over Southland, meeting and mixing with warmer, moist air brought down the east 
coast by a sub-tropical depression sitting over the North Island. Snow in the central part of the 
North Island is produced by southerly airstreams, with the isobars extending well to the south 
of the country. 

Frost Forecasting 
Many crops are frost-sensitive in their early stages, and late winter and spring provide 
conditions for damaging frosts. This is especially true when an anticyclone brings clear skies 
and light winds immediately following a cold southerly condition. The cooled air is further 
cooled over the long night period, through infrared radiative cooling. If there is little or no 
wind, the quantity of air in contact with the ground is very small and it gets very cold. In 
dorng this, a temperature inversion is formed, strengthening the isolation of surface contact 
air. 

Frost forecasting methods have been developed for use during anticyclonic conditions, 
when the sky is relatively clear and the wind speeds are light, using the 3 pm measured 
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temperature (T) and dew-point temperature (Tdew), Smith (1973). The forecast method 
produces an estimate of the coldest probable air frost under usual weather conditions. It 
involves an estimate of the maximum rate of overnight cooling which occurs when wind 
speeds are calm and the sky is completely clear. Hence, if the wind speed is non-zero (apart 
from a local katabatic or cold air drainage flow), and the sky is partly cloudy, then the forecast 
air frost will be colder than that actually observed. 

The formula given below was developed originally for Christchurch Airport. It will be 
applicable for other areas, but it should be checked using local data before being put to 
commercial use. 

T(air min)= (T + Tdew I 2) I 3- B 

where Tdew is the Dew Point Temperature, the wind speed is less than about 10 
km/hr, and there is less than 218ths oflow cloud and less than 618ths of high cloud. 
The value of the cooling rate is B = 8 for May, September and October, 9 for June 
and August, and 10 for July (Christchurch Airport). 

For example: If the overnight conditions in July are forecast to be clear and calm, and the 
3pm air temperature is 7°C and the dew point temperature is 3°C, 
then T(air min)= (7 + 1.5) I 3- B = 2.83- 10 = - 7.2 °C, i.e., a 7.2°C air frost. 

The values ofB will be slightly higher in Southland because of the slightly longer winter 
nights, and slightly smaller for Northland because of the slightly shorter winter nights. 

Home measurements are usually made with a whirling psychrometer or a wet and dry bulb 
hygrometer, which can be obtained through local stock agents. These measure the air 
temperature (dry-bulb) and the wet-bulb temperature. The dew-point temperature can be 
derived from a psychrometric chart, see Figure 11. 7, over page. 
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Figure 11. 7: A Psychrometric Chart 
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Referring to Figure 11. 7, the dry-bulb temperature is a vertical line, the wet-bulb temperature 
is a line which slopes up to the left, and dew-point temperature is found from the horizontal 
line which passes through the intersection of the dry-bulb and wet-bulb lines, where the 
horizontal line strikes the curved line on the left (100% humidity). This is the temperature 
that air becomes saturated when cooled. 

The example on the chart is a dry-bulb temperature of25°C, and a wet-bulb temperature of 
16°C. The state of this air is defined by the intersection of these two lines, where the relative 
humidity is 39 % and the dew-point temperature is just below l0°C, and the moisture content 
in the air is close to 7.8 glkg. 

With a given moisture content, to move to the left (reducing the temperature), the humidity 
rises. The wet-bulb temperature occurs by cooling and rising moisture content, so the lines 
rise as they move to the left. There is a constant gradient because the evaporation of water into 
the air causes a constant temperature reduction for each gram of water added to each kilogram 
of air. 

11.5.2 long-term Weather Forecasting 

Climatic trends, cycles and events are important seasonal forecasting factors. 
The main climatic trend is Global Warming. 
The main cycles are the Annual Cycle (1 year), Quasi-Biennial Oscillation (2.3 years) 

Antarctic Circumpolar Wave (4 years), Sun-spot cycles (11 years) and the Pacific Decadal 
Oscillation (15 - 20 years and 50- 70 years). 

Two main events are the Southern Oscillation (El Nino I La Nina) and the eruption of 
tropical volcanoes. To simplify the approach, each trend or phase is characterised as having a 
"summer-like" or "winter-like" effect. Summer is characterised by the southward movement 
of the subtropical ridge (see Figure 11.1, page K-12) with anticyclonic dominance, warmer 
temperatures, and sunnier weather and more frequent sub-tropical depressions from the north. 
Winter is characterised by the northward movement of the subtropical ridge, sub-polar 
depressions, SW wind dominance, cloudiness and coolness alternating with frosty 
anticyclones. 

The Antarctic Circumpolar Wave (see above) is a cyclic oscillation of hotter and colder 
water rotating around the Southern Ocean over a period of about eight years, with two peaks 
creating a nearly four year cycle. For New Zealand, this is characterised by the temperature 
anomaly to the south of Australia. When it is hot, it weakens the Hadley circulation (see 
Figure 11.1, page K-12), like an El Nino, producing a winter-like phase over New Zealand. 
When it is colder than average, it strengthens the Hadley Cell, and favours summer-like 
conditions over New Zealand, by bringing the anticyclones further south for longer. The wave 
also brings a two year period of colder than average sea temperatures around New Zealand, 
followed by two years of warmer than average sea temperatures. This southern ocean thermal 
wave can be in phase, or out of phase, with El Nino I La Nina, significantly altering their 
strength. 

The Pacific Decadal Oscillation (see above) favours El Nino during its positive phase, and 
La Nina during its negative phase. The period 1977 - 1998 was in a positive phase, and the 
next 20 years are likely to be in a negative phase and so favour La Nina events. So far (2001) 
we have been in La Nina since late 1998. 

Global Warming is creating a more summer-like trend. The westerly phase Quasi
Biennial Oscillation (QBO- see above), La Nina, sun-spot maximum and negative Pacific 
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Decadal Oscillation (PDO) have summer-like effects. The easterly QBO, El Nino, sunspot 
minimum, positive PDO and tropical volcanic eruptions have winter-like effects. 

Cyclic Analysis of Temperature and Rainfall 
The annual mean temperature and total rainfall for the four main centres (see Sections 11.1.1, 
2, 4, 5, pp. K-3 to K-7) was combined to give an estimate of the national rain and 
temperature indices. A Maximum Entropy cyclic analysis reveals cycles in the data (detecting 
those that influence our national climate). The rainfall showed cyclical periods of 1.5, 3, 4.1, 
6.1, 8.1, 10.6 and 18.9 years. The temperature analysis showed cycles of2.3, 4, 5.6, 8.6 and 
14.6 years. The rainfall is dominated by the Antarctic Circumpolar Wave (ACW - see 
previous page- 4.1 and 8.1 years), sun-spot cycles (10.6 yrs) and the Lunar Tide (18.9 yrs), 
with some shorter cycles possibly related to the Quasi Biennial Oscillation (QBO). The 
temperature includes the actual QBO period (2.3 yrs) and the ACW (4 and 8.6 yrs). The weak 
14.6 year cycle has no known source. The 5.6 to 6.1 year cycles could relate to an average El 
Nino I La Nina oscillation period. For rainfall, each individual site had a dominant peak 
centred on a period of 10 toll years (the Sun-spot Cycle), with specific peaks in the range 
8.4- 13.4 years. This illustrates the complex influence oflatitude and topography on the local 
rainfall patterns. 

Drought Risk and Drought Forecasts 
Dry spells are very common over the summer growing season in many parts of New Zealand. 
In Canterbury, the months in which dry-soil days occurred used to be confmed to the October 
to May period. A dry spring often leads to a summer-dry spell or drought. Prior to 1994, there 
had been no dry-soil days in the winter period June to August. In 2000 - 2001, the dry spell 
commenced in July and continued to June, causing 199 dry-soil days. This extremely dry and 
prolonged period was caused by an anticyclonic drought. It occurred during sun-spot 
maximum, La Nina, negative Pacific Decadal Oscillation (see previous page), westerly QBO 
and was enhanced by Global Warming. 

All of the summer-like factors favour drought, and winter-like factors weaken the drought 
condition. 

Dry-soil days (DSD) are not the sole indicator of the impact of a drought. The timing of 
rainfall is important. For example, the season of 1984- 1985 had 142 DSDs. Tl:J.e soil first 
dried out in October 1984, but regular rain maintained soil moisture levels for significant 
portions of each month right through the summer, except for January and April. Therefore, 
severe drought effects did not occur. A similar situation occurred in 1991 -1992. Hence, it is 
wise to be aware of the state of the climatic indices, and to listen for published climatic 
outlooks when the above drought associations are predicted. 

Figure 11.6, page K-21, shows the Dry-soil Days for Lincoln, for the period 1945- 2001. 
A cyclic analysis of this data shows dominant cycles associated with the sun-spot and double 
sun-spot cycles (9- 11 yrs and 22 yrs). Shorter periods include the Quasi Biennial Oscillation 
(2.3 yrs), and a broad complex oscillation between 3.3 and 5.7 years, most likely associated 
with the Antarctic Circumpolar Wave, but complicated by the Southern Oscillation (El Nino I 
La Nina). 
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11.6 'ON FARM' USE OF CLIMATE MONITORING 

11.6.1 'On Farm' Monitoring of Weather 

In New Zealand, microclimates vary a great deal over very small distances. It therefore makes 
sense to monitor the weather 'on farm', as the effect of weather and climate on primary 
production is very important. Recording climate data, such as soil temperature, can assist 
farmers with their planning, for example, to predict pasture growth patterns. 

Factors that strongly influence plant growth include daily rainfall, soil temperature, 
sunshine index (sunshine hours, sunshine factor, cloudiness factor), maximum and minimum 
air temperatures*( or hourly temperatures), soil moisture content, wind speed, and wet-bulb 
temperature (humidity). 

(*Temperature readings should be taken in a standardised white screen to give the 
'temperature in the shade'. The difference between the temperature of a 
thermometer exposed to the sun, and one in the shade, can be more than 30°C). 

Note that long-term average climatic data for many centres in New Zealand is provided in 
Section 11.1, pages K-3 to K-10. This includes data on rainfall, evapotranspiration, air 
temperature, soil temperature, and sunshine hours. 

11.6.2 Water Balance Calculations 

Plant growth and irrigation requirements are based on soil moisture conditions. The most 
appropriate time-interval for calculating the water balance is one day. The soil moisture for 
today is equal to the soil moisture yesterday, plus the rainfall today, minus the 
evapotranspiration. If the soil moisture drops to zero, it can drop no further. If the moisture 
equals the moisture holding capacity of the root zone, then it can increase no further. 

The daily rainfall is straightforward to measure and it is often reported in local papers 
(see also Sections 11.1.1 & 11.1. 2). Evapotranspiration is more difficult to obtain. Average 
data for many centres is provided in Section 11.1.3, page K-5. A reasonable estimate for the 
individual farm situation can be made using the average daily temperature and a weighting 
factor for the sunniness and windiness. The "Monitor Farm Resource Kit" (see Section 11. 7, 
page K-32) provides the following formula for evapotranspiration: 

Evapotransiration = fw x f8 (0.15T + 1) 

Where T is the average daily air temperature (0 C) -- see over page * 

fw = wind factor 0.5 calm day, no wind 
1 normal day 
2 windy day 

fs = sunshine factor 0.5 completely overcast day 
1 normal, partly cloudy day 
2 completely clear day 
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(*The average daily air temperature is taken as the average of the daily maximum and 
minimum temperatures). 

For a windy, partly cloudy nor'west day, with an average temperature (T) of25°C, 
evapotranspiration (ET) = 2 x 1 x (0.15 x 25 + 1) = 2 x (3.75 + 1) = 9.5 mm. 

For a normal day with T = l5°C, ET = 1 x 1 x (0.15 x 15 + 1) = 3.3 mm. 

For a cold, calm, overcast winter day with T = 5°C, ET = 0.5 x 0.5 x (0.15 x 5 + 1) = 0.4 mm. 

It is a useful exercise to use these estimates as part of your monitoring of the soil moisture 
regime. By doing a daily calculation of taking yesterday's soil moisture, adding the rainfall 
and subtracting the ET value for today, and by noting your actual soil moisture condition and 
comparing it with the model calculation (as above) you can adjust your estimates to more 
closely follow your own situation. 

Soil moisture storage capacity under pasture ranges from 60 mm to 140 mm depending on 
the soil type (see Section 9.4). 

11.6.3 Growing Degree-day Estimates 

Pasture and many plants have a near constant growth rate above a certain threshold or base 
temperature, provided it is not too hot (the optimal temperature for most temperate species is 
in the range 20 - 25°C). This makes the use of Growing Degree-days a useful growth-related 
index. A common starting (or Base) temperature is 8°C for pasture and 10°C for several 
crops. Assuming a Base temperature of 1 0°C, if on a given day the average temperature is 
l8°C, then 18- 10 = 8 degree-days are accumulated. The daily average temperature is taken 
as the average of the daily maximum and minimum temperatures. The degree-day total is 
accumulated over particular parts of the growing cycle. If, on a given day, the average 
temperature is below the Base temperature, then zero is added to the total (you do not take 
away negative values). During the growing season, this calculation is done using daily 
temperatures. 

In the initial assessment of the suitability of a site for growing a new crop, if the crop's 
required growing degree-days are known, then a good estimate of the sum of daily degree
days for that site can be made, using the monthly average temperatures (see Sections 11.1.4 
and 11.1.5, page K-6) and the following formula (from Wendland, 1983): 

X is the estimate of the number of degree-days in a month, based on the monthly average 
temperature. For example, if the Base temperature for a crop is 10°C, and the monthly 
average temperature is 15°C, then the degree-day total for a 30-day month is: 

X = (15- 10) X 30 = 150. 

This can then be adjusted to estimate the corrected number of daily degree-days, Y: 

Y =0.55X+50 [ifX<110]; or Y =X [ifX >=110] 

where Y is the estimate of the daily degree-days and X is the calculated monthly 
based degree-days. 

For our example, X= 150, therefore Y =X= 150 °C-days (no correction was necessary). 
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A second example involves a monthly average temperature of ll.5°C for a 31-day month: 

Then X =(11.5 -10)x31 =46.5, 

and Y = 0.55 X 46.5 +50= 75.6 °C-days (the corrected figure is higher). 

For example, a particular variety of sweet com has a base temperature of 1 0°C, and a heat 
unit requirement of 550 °C-day after female flowering. 

Using Waipara as an example: 

Monthly Dec Jan Feb Mar Apr May Jun 
Temperature 16.1 17.5 17.2 15.4 12.7 9.4 6.3 
Monthly DD (X) 189 233 202 167 81 - 19 - Ill 
Daily DD (Y) 189 233 202 167 95 40 0 

Assume that planting is timed so that emergence takes place after the likelihood of damaging 
frost. If female flowering occurs on the 1st December, then the end of February would see the 
accumulation of 189 + 233 + 202 = 624 °C-days. This would be sufficient for maturation of 
the cob. 

11.6.4 Photothermal Time 

In the early stages of plant growth the day-length is very important, (whereas after flowering, 
the thermal I temperature regime dominates). Some researchers have used an adjusted 
degree-day calculation for the early development period, to allow for the photo-period 
importance. A factor Fp is calculated. It takes account of the actual day-length, P, minus the 
base level photo-period (Pb), (the base photo-period is the day-length below which growth 
ceases). This is compared with the saturation photo-period (Ps), minus the base photo-period 
(Ps is the saturation day-length at which growth is maximised). 

Fp=(P-Pb)/(Ps-Pb) 

The photo day-length is slightly longer than the sunshine hours because plants continue to 
grow into the twilight period. 

For example, if the saturation photo-period (Ps) is 16 hours, the base level photo-period (Pb) 
is seven hours, and the actual daylength (P) is 15 hours: 

Fp = (15 -7) I (16 -7) = 819 = 0.89. 

Using the Photo-thermal time index (PTT) would adjust the degree-day index by 89% for 
this day. 

For an early season day, with P = 10 hours there is a little growth and Fp = 319 = 0.33. 

For a higher latitude plant, with a base day-length ofO hours, these two factors would be: 
Fp = 15116 = 0.94 for the 15 hour day, and Fp = 10116 = 0.63 for the 10 hour day. 
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II.6.5 Soil Temperature 

Germination of seeds depends on the soil temperature. Hence, monitoring the soil temperature 
(in the 10 em to 20 em depth range) can assist with planting decisions, along with 
considerations of soil moisture availability for germination and growth (see also Section 
11.1.6, page K-8). 

Soil temperature varies significantly with season and moisture content. In summer, the 
surface is wanner than the lower layers and heat flows into the ground. In winter, the lower 
layers are wanner than the surface layers and the heat flows towards the surface. The wetter 
the soil, the faster the vertical heat flow. In the summer, dry soils get very hot on sunny days, 
because of the solar heat and the low heat capacity and low conductivity into the soil. Wet 
winter soils readily absorb solar energy, but do not rise in temperature much, because wet soil 
has a large heat capacity and a high conductivity. 
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SECTION 12 

LEGAL REQUIREMENTS 
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Note: 
Before reading this section, please refer to the 'disclaimer' in the Preface of the Manual. 
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12.1 RESOURCE MANAGEMENT ACT 1991 
(Contributed by P.E. Whiting, Law Group, Lincoln University) 

12.1.1 Introduction 

The Resource Management Act 1991 (henceforth referred to as the RMA) came into effect on 
the 1st October 1991. Until the passing of the Act the natural and physical resources ofNew 
Zealand were governed by more than 50 different Statutes and regulations. These had been 
developed over the years on an adhoc basis and were often conflicting, overlapping or 
inconsistent with one another. The primary Acts dealing with resources were the Town & 
Country Planning Act and the Water and Soil Conservation Act. 

The RMA seeks to put New Zealand's environmental decision making on a sound footing, 
building a single system where the environment is considered as a whole. 

The RMA is now the principal statute for the management ofland, water, subdivision, soil 
resources, the coast, and air and pollution control, including noise control. 

The central concept of the Act, and the sole purpose is that of 'sustainable management' of our 
natural and physical resources. Sustainable management is defined in Section 5 of the Act. 
Sustainable management implies that we should be able to use our resources but in such a way 
that they are not depleted and remain available for future generations as well. 

By bringing together laws governing land, air, and water, and introducing to them the concept of 
sustainable management, the RMA introduces a totally new approach to environmental 
management. Many people and organisations are having difficulty accepting or understanding 
this new approach. 

We remain in a transitional period- we are still shifting from the old systems developed under 
the Town & Country Planning Act, etc., and are not yet (2002) working under new systems 
developed under the RMA. This transitional phase continues to cause problems. 

There is also considerable doubt about how parts of the Act will be interpreted and it will 
take time for many issues to be clarified. There will always be conflict between ecology and 
business interests - hopefully systems developed under the RMA will allow both to exist and 
develop in harmony with one another. That is the intention of the Act. 

12.1.2 A Brief Outline of the Act 

It is essential to realise that the RMA merely provides a framework whereby other organisations 
- Central Government; Regional, District and City Councils - are empowered to make Rules to 
control the use of our natural and physical resources. Those Rules (formerly called By-laws 
under the old system) are made subject to the provisions of the RMA. It will be those Rules that 
govern the activities of farmers, businessmen/women or ordinary citizens. The Rules, rather than 
the RMA, will dictate what we can, or cannot do. 
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The RMA contains over 430 sections. It replaces 59 other Statutes; amends a further 154 
Statutes; and repeals some 19 Regulations and Orders in Council. 

The Act sets out the purpose of the legislation and then provides the structures and 
procedures necessary to implement the purpose. It does not itself create the answers to our 
environmental problems but rather it creates a framework on which the answers can be built. 

The Act is divided into 15 parts. For example, Part I deals with the interpretation and 
definition; Part II with the Purposes of the Act; Part IV with the functions of Central, Regional 
and Territorial government; Part VI with Resource Consents; and Part X with special provisions 
re sub-divisions and land reclamations. 

Part II -The Purpose and Principles of the Act 
As already stated, Section 5 of the Act sets out the Purpose of the Act, i.e., sustainable 
management of our natural and physical resources. This is the sole purpose of the Act- the only 
reason it exists. 

Sections 6, 7, and 8 of the Act set out Principles which all people exercising powers or 
functions under the Act must at least take into account. These are wide-ranging matters which 
include matters described as being of National Importance, and the Treaty ofWaitangi. 

Any Rule made under the provisions of the Act, or any process or decision made under the 
Act, must be made to enable the purpose of the Act to be achieved, taking into account the 
various Principles outlined in Sections 6, 7 and 8 of the Act. 

Part Ill -Duties and Restrictions Under the Act 
Part III of the Act sets out a number of statutory restrictions on activities relating to land use, 
subdivision, the coastal marine area, river and lake beds, water, discharges, noise and general 
adverse effects. 

These are the main restrictions which will be reflected in the Plans prepared by Central, 
Regional, District and City Councils. In other words the Government or Councils have to create 
Plans which contain Rules (By-laws) to provide for these restrictions. 

Section 9 of the Act deals with restrictions on the use ofland. The general rule is that you are 
allowed to use your land for any purpose unless that use is expressly prohibited by a Rule in a 
District Plan or proposed District Plan. This is a complete change from the old system where you 
could have no right to a land use unless it was allowed by the District Scheme. 

If the Plan puts controls on a land use, then generally you can apply to the Council for a 
Resource Consent to carry out that activity. 

It is important to note that Section 9 of the Act has an extended definition of the word "use" 
as contained in Sub-section 4: 

(4) In this section, the word "use" in relation to any land means: 

(a) any use, erection, reconstruction, placement, alteration, extension, removal, or 
demolition of any structure or part of any structure in, on, under, or over the land; or 

(b) any excavation, drilling, tunnelling, or other disturbance of the land; or 
(c) Any destruction of, damage to, or disturbance of, the habitats of plants or animals in, 

on,orundertheland;or 
(d) Any deposit of any substance in, on, or under the land; or 
(e) Any other use ofland; 

and "may use" has a corresponding meaning. 

L-4 



When a District Plan makes rules about "Land Use" you have to look at the above definition to 
see if your proposed activity constitutes a "land use". If it does and the use is restricted you will 
need to apply to the Council for a Land Use Consent. 

Existing Uses 
Part III of the Act also deals with Existing Uses ofland, or Existing Uses in respect to the 
Coastal Marine area, the use of the beds of lakes and rivers, uses relating to water, or discharges 
of contaminants into the environment. 

In the case ofland use, an existing use, i.e., an activity that was lawfully established before 
the District Plan came into effect and which has not changed in scale or intensity, may continue 
even though it is contrary to a rule in the Plan or proposed Plan. 

In relation to the other existing uses, i.e., those not relating to the use ofland, may continue 
until such time as a new Regional Plan becomes operative, but if the new Plan no longer 
classifies them as a Permitted Activity, then it is necessary to apply for a Resource Consent for 
the activity within six months of the Plan becoming operative. 
In the case of a land use, if the use is discontinued for a continuous period of 12 months without 
the District Council being notified and granting an extension, the existing use will be lost. 

In other cases the period of discontinuance is six months. 

General Duty to Avoid, Remedy, or Mitigate Adverse Effects on the Environment 
Section 17 of the Act places a duty on every person to avoid, remedy or mitigate any adverse 
effect on the environment arising from any activity carried on by, or on behalf of, that person, 
whether or not the activity is permitted by a Rule in a Plan or by a Resource Consent. 

Part IV - Functions, Powers and Duties 
Part IV of the Act sets out the functions, powers and duties of Central, Regional and Local 
Governments in relation to the act. 

The Minister for the Environment is primarily responsible for the administration of the Act 
but the Minister of Conservation is responsible for the coastal environment. 

Regional Councils have responsibility for matters of Regional concern, land use for erosion 
and water management issues, the control of water, the discharge of contaminants, and the 
responsibility for natural hazards. 

Territorial Authorities (i.e., District and City Councils) primarily have control of the use of 
land, the control of the subdivision ofland, noise control, and the control of the surface of water 
in rivers and lakes. 

There is some over-lap of authority especially in relation to land use. 

Part V - Plans, Statements, Standards 
This part of the Act authorises the preparation ofNational Environmental Standards, National 
Policy Statements, National Coastal Policy Statements, Regional Policy Statements, Regional 
Plans, and District Plans. 

There must be a National Coastal Policy Statement in place at all times; and each Regional 
Council must also prepare and have in place a Regional Coastal Plan. Regional Councils must 
also have in place a Regional Policy Statement at all times, but other Regional Plans are 
optional. Each Territorial Authority must have a District Plan in place at all times. 

All Plans are to be reviewed at least every ten years. 
Section 85 of the Act states that except in very limited circumstances there is no 

compensation payable in respect of any controls that may be placed on the use of land. 
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Part VI - Resource Consents 
Part VI of the Act deals with the Resource Consent procedure. There are different requirements 
depending on how an activity is classified in the relevant Plan, and on what type of Consent is 
required. 

The Act defines the following types of activities: 

Under Resource Management Act 
('new') 

Permitted Activity 
Controlled Activity 
Discretionary Activity 
Non-Complying Activity 
Prohibited 
Restricted Coastal 

Under Town and Country Planning Act 
('old') 

Predominant use 
Controlled use 
Conditional use 
Specified departure 
nil 
nil 

Section 87 of the Act of the Act also sets out the different types of Resource Consents: 

1) Land Use Consent 
2) Subdivision Consent 
3) Coastal Permit 
4) Water Permit 
5) Discharge Permit. 

12.1.3 Making an Application for a Resource Consent 
(See also 'Part VI, Resource Consents', above). 

There is a standard application and procedure for all types of consent applications, although 
naturally the amount of information that will have to be supplied will vary according to the scale 
and complexity of the proposed activity. 

Once you have examined your Regional, District, or City Plans and have discovered that it is 
necessary to apply for a Consent, or a number of Consents, there is a standard application 
procedure to be followed, and normally a single hearing if required, to hear all applications. 

Between making your initial application for (a) Resource Consent(s) and the final granting of 
that Consent(s) there are a number of matters that can arise. 
Note: The Resource Management system is a 'user pays' system, with most costs 

falling on the applicant. 

Environmental Impact Report 
Section 88 (4)(b) of the Act requires that all Resource Consent applications shall include an 
assessment of any actual or potential effects that the proposed activity may have on the 
environment, and the ways in which any adverse effects may be mitigated. This "Environmental 
Impact Report" must be in such detail as corresponds with the scale and significance of the 
actual or potential effects on the environment. 
Additional Information 
The Consent Authority (Regional, District, or City Council) can require the applicant to supply 
further information, and does not have to proceed with the application until such time as the 
information is provided. 
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Notification of Applications 
Once the Consent Authority is satisfied that it has received sufficient information it must serve a 
notice re the application on the following persons: 

a) Anyone known to be the owner or occupier of the land concerned. 
b) The Minister of Conservation, Fisheries, or the Historic Places Trust if the application 

relates to matters under their control. 
c) To any other person who they consider likely to be directly affected by the application, 

including adjacent landowners and occupiers ofland. 
d) To Publicly NotifY the application. 
e) To affix a Notice to the site outlining the proposal and details as to how interested 

parties can make submissions re the proposal. 

Generally an application does not need to be publicly notified if: 

a) For a subdivision consent where subdivision is classified as being a 
b) Controlled Activity. 
c) For a Coastal permit where the application relates to a Controlled Activity. 
d) Any other instances relating to Controlled Activities where the written approval has been 

obtained from every person who in the opinion of the Consent Authority may be 
adversely affected by the granting ofthe Consent. 

e) Where the application is for a Discretionary or Non-Complying Activity and all persons 
likely to be affected have given their written consent, and the Consent Authority is 
satisfied that the adverse effects on the environment will be minor. 

Submissions 
Where a Consent Application has been publicly notified, any person has the right to make 
submissions for or against the application. 

Any person making an application has the right to be heard at the hearing; has the right to ask 
for a pre-hearing meeting; has the right to ask that a hearing take place; and has the right to 
appeal any decision made by the Consent Authority. 

If the matter is not publicly notified members of the public do not have a general right to 
make submissions. 
Pre-Hearing Meetings 
The Consent Authority may itself, or upon request, invite anyone who has made an 
application or a submission, to meet with each other before the hearing to try and reach 
agreement on issues involved. This can be an extremely valuable tool in speeding up 
proceedings and cutting costs as the parties can agree what is not in contention; make 
compromises and arrangements re some matters, and leave only the contentious unresolved 
matters for the hearing. 
The Hearing 
In certain instances the Consent Authority can dispense with the need to hold a hearing. 

All parties (including persons who have made submissions) have to be notified of the time 
and place of the hearing, and have the right to be heard at the hearing. 

Hearings are informal in nature, and parties to the hearing do not have the right to question 
witnesses unless the Consent Authority permits them to do so. The members of the Consent 
Authority can ask questions of witnesses. 

Where more than one Resource Consent is being applied for, or where Consents are required 
from different authorities, there will normally be a joint hearing for all matters. the Regional 
Council is responsible for arranging joint hearings. 
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Decisions of the Consent Authority 
The Act sets out specific matters that the Consent Authority must take into account when 
making its decision on the application. See section 1 04 of the Act. 

There are restrictions on granting subdivision consents where there is a likelihood of erosion, 
etc., (Section 1 06 of the Act) and restrictions on the issue of certain discharge permits (section 
107 of the Act). 

The Consent Authority can impose Conditions when granting a Resource Consent so that the 
Consent is subject to those conditions. The Conditions must be relevant to the subject matter of 
the Consent. Conditions may include financial contributions, bonds, covenants registered against 
the land, administrative charges, and special conditions re sub-divisions. 
Appeals 
Any person who has been a party to the Application proceedings, including all persons who have 
made submissions, have the right to appeal the Consent Authority's decision to the Planning 
Tribunal within 15 working days of receipt of notice of the decision. 
Duration of Resource Consent 
Land Use Consents are for an indefinite period unless the Resource Consent specifically limits 
them to a certain period of time. 

The maximum time for any other type of consent is 3 5 years, but if no period is actually 
specified in the Consent, then the maximum period will be five years from the date of 
commencement of the Consent. 
Treaty of Waitangi Tribunal Land Claims 
Claims made to the Treaty ofWaitangi Tribunal should have no relevance to resource 
management issues, as they cannot be made. in respect to privately owned land. Treaty 
principles are applicable to all resource management issues under section 8 of the Act. 
Summary 
Obviously the Act contains a great deal of other provisions and details but we have not included 
these in this brief over-view of the Statute. 

Section 12.1.4 (see below) deals with a number of scenarios that farmers are likely to meet 
and which will have Resource Management impacts. 

12.1.4 Points to Note in Regional and District Plans 

For rural communities land use issues are extremely important. Land use is primarily 
the responsibility of Territorial Authorities (District and City Councils) but Regional Councils 
do have responsibility for land use for the purpose of soil conservation, and for the maintenance 
of the quantity and quality of water andre natural hazards and hazardous substances. 

The access to and availability of water as well as Rules designed to protect water wiU be 
contained in Regional Plans and it is essential to know what these are for your region. 

Discharges of Contaminants into the air, into water, or onto or into land are the responsibility 
of the Regional Council. It is essential to know what are the rules and what does the Council 
class as a "contaminant". 
Subdivision 
Section 11 of the Act provides that no person may subdivide land unless it is permitted by a Rule 
in a District Plan or by a Resource Consent. So there is no automatic right to subdivide unless 
the Plan permits it. Subdivision has an extended definition in section 218 of the Act. 

There are exceptions allowed re the Public Works Act; The Maori Affairs Act; State Owned 
Enterprises Act; Historic Places; and the Property Law Act re land-locked parcels of land. 
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Esplanade Reserves 
The Act provides that where a subdivision ofless than four hectares is proposed the District Plan 
can require that an Esplanade Reserve or Esplanade Strip of not more than 20 metres in width be 
created alongside the sea, or the bank of any river or the margin of any lake on any part of the 
property being subdivided. For this purpose a river means a river whose bed has an average 
width of three metres or more where it flows through or adjoins the property, and a lake means a 
lake whose bed has an area of eight hectares or more. 

An Esplanade Reserve must be surveyed off and be vested in the Local Authority. An 
Esplanade Strip is not surveyed and remains the property of the landowner. Conditions relating 
to it, including public right of access, are imposed as a condition of the subdivision by the Local 
Authority. They are registered against the Title. 

An Access Strip may be an alternative to the above two, and are negotiated agreements for 
access, etc., between the landowner and the Local Authority. The Access Strip is surveyed but 
remains the property of the landowner. 

District Plans can dispense with the need for any Esplanade Reserve, etc. If the District Plan 
makes additional requirements over the Statutory provisions, e.g., if it requires the Strip to be 
more than 20 metres wide, or if it requires it on subdivisions over four hectares in area, then the 
Local Authority must pay compensation and meet survey costs. 

In normal circumstances the question of costs and compensation will depend on the 
provisions in the Plan. 
Requirements and Heritage Orders 
The Act authorises Requiring Authorities to make applications for Designations in respect to 
land needed for future public works. Requiring Authorities are described as being "Network 
Utility Operators", and applies to Local Authorities and those engaged in communications 
industries, road, rail and airport operations, fuel distribution, water, drainage and sewerage 
reticulation. 

The procedure follows the normal Resource Consent Process with public notification and 
submissions from the public, but once a Designation over land is granted it becomes a Rule in 
the District Plan, and no person (including the landowner) can do anything that would interfere 
with the proposed work. A designation lapses after five years unless substantial progress has 
been made in giving effect to it. Appeals against the granting of the Designation can be made to 
the Planning Tribunal, and the Tribunal can order the Requiring Authoriv; to purchase the land 
in certain circumstances. 

Similar provisions relate to Heritage Protection Orders which can be obtained by a Heritage 
Protection Authority in relation to any place of special interest, character, amenity value or 
visual appeal or of special significance to the tangata whenua for spiritual, cultural or historical 
reasons. On Appeal the Plarming Tribunal may order the Heritage Protection Authority to pay 
towards the upkeep of the site, and can require that the Authority purchase the site, or order its 
compulsory acquisition. 
Application of Fertilisers 
The Resource Management Act is about the effects of activities on the environment. If an 
activity such as the application of fertilisers can be shown to have an adverse effect on the 
environment then the District or Regional Plan should have Rules to regulate the activity so as to 
" ... avoid, remedy or mitigate" the effects of the activity on the environment. Even if there are no 
Rules relating to an activity, any person could ask for action to be taken under the provisions of 
Section 17 ofthe Act, i.e., the general duty that everyone has to avoid, remedy or mitigate 
adverse effects on the environment. Serious problems can arise with the use of nitrogen based 
fertilisers with resulting contamination to water supplies. These are issues that cannot be avoided 
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by the rural community and which will have to be resolved by consultation between all 
interested parties. 
Rubbish Disposal 
The question of rubbish tips, offal pits, etc., comes under the general question of adverse effects 
on the environment and in particular discharges of contaminants. Local Plans will have rules in 
relation to these activities designed to prevent adverse effects on the environment. 
Summary 
We have only mentioned a small number of the issues that the rural community faces under the 
provisions of the Act. These illustrate the type of problems that will occur and the overriding 
response to them which is always about the effects of the activity on the environment. 

12.1.5 The Consultative Process - The Role of the Public 

Most Councils (Regional and District) are still in the process (2002) of formulating their Plans to 
take into account the provisions of the Act. 

The public has been given a vital role to play in this process by being able to make 
submissions in relation to the proposed Plans. A detailed and lengthy submission process is 
available whereby the views of all members of the community are taken into account before any 
Plan is finalised. It is absolutely essential that all members of the community examine the 
proposed Plans for their area, and if they do not agree with the proposals to make submissions in 
respect to them. 

The Plans have to be updated at least every ten years, but once a Plan comes into force it is 
virtually set in concrete as there is then no normal legal challenge available on the grounds that 
the Plan-making process was flawed or all matters were not taken into account as required. 
There is provision for any person to request a Plan change at any time, but in practice these will 
be prohibitively expensive. 

Section 32 of the Act outlines a series of tests that Councils must carry out when formulating 
any Rules to be included in their Plans. They must be able to show that there is a need for such a 
Rule in order to achieve the purpose of the Act; they must consider alternatives to the proposed 
Rule; a cost-benefit analysis, and be satisfied that it is the most appropriate and necessary means 
of achieving their objective. Councils can only be required to carry out these tests while the 
Plans are being prepared. Once the Plans are finalised these tests are no longer available. 

12.1.6 Summary 

Most farming activities will not require any resource consent as they will be "Permitted 
Activities" for the particular rural zone or they may qualify as an "Existing Use". Dairying and 
forestry are exceptions and will normally have limitations imposed on them. Generally it will 
only be when there is some new activity or diversification planned that consent may be 
required. Even then, if it is of a general farming nature, it will probably be 'Permitted'. Ifthere 
is doubt about whether or not Consent is needed, the best people to approach in the first 
instance are the relevant Regional or District Councils in your area. They will explain what 
their requirements are. Each Council has different requirements. If you are not happy seek 
advice from a Resource Management Consultant, your lawyer, or farm advisory service. 

There is an increasing demand from environmental lobby groups for stricter controls on 
farming activities and it is quite possible that in the future a far stricter regime could come 
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into force. Farmers and farming groups will need to carefully monitor new proposals in their 
own areas. 

Resource Management Act amendments 
As at the time of writing (December 2002) there are the remains of a major Resource 
Management Act Amendment Bill before Parliament awaiting its final reading. The Bill was 
introduced by the last National Government but all of the contentious issues in that Bill were 
rejected by the Select Committee under the Labour Government. The Bill now merely 
'tinkers' with the Act, with no provisions directly affecting farming activities. 

12.1.7 Further Information on the Resource Management 
Act 

Further information is available from: 

The Law Group 
Applied Management and Computing Division 
P 0 Box 84 
Lincoln University 
Canterbury 
Telephone: (03) 325-3859 
Fax: (03) 235-3839 

Reprinted copies ofthe Resource Management Act, incorporating all the amendments, are 
available from Government Print Shops. 
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12.2 HEALTH AND SAFETY IN EMPLOYMENT 
LEGISLATION 

12.2.1 

(Contributed by R.L. Caird, Law Group, Lincoln University) 

Impact of Health and Safety Employment Legislation 
on the Farming Industry 

The Health and Safety in Employment Act 1992, which came into force in 1993, has wide 
implications for those involved in the farming industry workplace. There are now a number 
of reported court decisions under the Act which reinforce the need for farm employers to be 
aware of both the philosophical principles underlying the scheme of the Act and the Statutory 
provisions which they must perform. There are also important legislative amendments that 
affect farmers' obligations under the Act. The changes will be discussed later in the text of 
this article. 

12.2.2 Duties Relating to Health and Safety in Employmer''~
(This section includes excerpts taken from a 'Farm Health and Safety' 
publication produced by Federated Farmers in conjunction with the Occupation 
Safety and Health Service, in 1999) 

General Duties 
The Act imposes general duties on both farm employers and employees. Section 6 of the Act 
requires employers to take all practical steps to ensure the safety of employees while at work. 
In particular, an employer must do the following (Section 6): 

Provide and maintain a safe working environment. 
Provide and maintain facilities for the safety and health of employees. 
Ensure that machinery and equipment is safe for employees. 
Ensure that employees are not exposed to hazards arising out of anything in or near 
their place of work. 

The emphasised words "at work" and "place of work" have been defined by the Act in very 
wide terms. The consequences for farm employees is that the entire farm area, for example, 
5000 hectares becomes a place of work to which the duties imposed by the Act extend. 

Particular Duties 
In addition to the above, Sections 7-10 impose a particular duty on employers to manage 
hazards. Three steps can be identified: 

Step One: Identifying Hazards 
A hazard is any activity, situation or substance than can cause harm. These may, for 
example, include: 

Machinery and vehicles. 
Work-shop tools. 
Rogue animals. 
Chemicals. 
Manual handling or lifting. 
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Step Two: Assess Hazards 
An assessment needs to be made of hazards that are likely to cause harm to people. The 
Act refers to "significant hazards". A significant hazard is defined as one that can cause 
any of the following: 

Serious harm; this includes death, serious injury or disease. 
Harm, the severity of which depends on how often and how long a person is 
exposed to the hazard. 
Harm that cannot be detected until a significant time after exposure has occurred. 
This covers the situation, for example, where exposure to certain chemicals may 
cause health problems years later. 

Step Three: Control Hazards 
If the hazard is significant the Act requires that a certain procedure must be followed. 

First, if practical you must ELIMINATE the hazard. This requires the hazard to be 
removed so that people cannot be harmed. 

The Act uses the word 'practicable'. It is not practical to eliminate, for example, all 
hazards outright such as chemicals, tools, tractors, electricity and water from the farm. 
However consider, as an option, the following: 

Disposal of unwanted pesticides. 
Use a less harmful chemical in place of a highly toxic one. 
Replace old or unsuitable equipment. 
Fill in unused sheep dips. 

Secondly, if it is not practicable to eliminate the hazard, you must ISOLATE it. 
This will often mean putting a barrier or distance between the hazard and the person, 
examples of which may be the following: 

Keeping firearms in a secure place. 
Fitting a guard on a tractor power take-off. 
Using an isolating transformer when electrical equipment is beingused. 

Thirdly, if it is not practicable to eliminate or isolate the hazard, you must minimise the 
chance it will cause harm. 

Minimising hazards includes following safe and accepted work practices, maintaining 
equipment properly, training employees in safe work methods, and supervising young or 
inexperienced employees. So if you use a tractor, for example, you must: 

Drive with due care for the terrain, avoiding excessive speed and using correct 
gears. 
Follow safe methods when hitching and towing implements. 
Ensure the tractor is well maintained and fitted with a safety frame. 
Provide training for those who drive a tractor. 

If you are using a chain-saw, you must: 
Make sure there is no one in the work area who could be harmed. 
Use only the correct felling and cutting techniques and work methods. 
Make sure the chain is sharp and the saw well maintained. 
Carry a first aid kit. 

In addition to minimising the hazards, you must ensure that appropriate protective clothing 
and equipment is provided and used, for example: 

Provide respirators and protective gear when spraying with chemicals. 
Provide hearing protection for use with a tractor or noisy equipment. 
Provide helmet, protective trousers and ear-muffs for use with a chain-saw. 
Provide proper eye protection when welding or using tools like grinders. 
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You may also, if necessary, need to: 
Monitor your employees' exposure to the hazard. 
With your employees' consent, monitor their health. 

An example ofthis could be where employees spray with organo-phosphate pesticides. In 
some circumstances, they may need to have regular blood tests to determine the level of 
cholinesterase in their blood. 

The Occupational Safety and Health Service can advise you if you need to monitor 
your employees' exposure to hazards such as pesticides, noise or heavy lifting. 

Duty to Consult Employees 
Section 14 requires that "all employees have the opportunity to be fully involved in the 
development of procedures for both complying with the significant hazard duties and for 
dealing with emergencies or imminent dangers". However, Secti:}n ·wi1ich imposes '''Vere 
penalties for other forms of non-compliance, expressly excludes Section 14. Instead, a fmlure 
to consult employees is reduced under Section 52 to a matter that a Court may take into 
account in determining the penalty to be imposed on the employer. It is not clear what a Court 
would regard as an opportunity to be involved, and even if an employer is found to have 
breached Section 14, the Court has a discretion as to whether any penalty is imposed at all. 

If you employ contractors 
A further and significant responsibility placed upon employers by the Act (Sections 15 - !8) is 
the requirement to take all practical steps to ensure no action or inaction of an employee 
harms any other person whether an employee or not. The impact of this responsibility has far
reaching consequences for those employers in the farming industry because a person or 
company that hires any contractor, or subcontractor, must take all practical steps to ensure that 
the contractor, subcontractor or their employees are not harmed doing work that the contractor 
or subcontractor was engaged to do. Coincidentally, farming contractors and subcontractors 
who employ staff are also employers, and accordingly are required to perform all the duties of 
an employer. 

Obligation to Visitors 
As a result of an Amendment to Section 16 of the Act which occurred in 1998, persons who 
control workplaces, including farmers, have now only a simple duty to warn visitors who have 
permission to be on their properties of any significant out-of-the-ordinary work-related 
hazards that they know about. 

The law was amended because farmers had expressed concern about their liability under 
the original wording of the Act if visitors, including recreational visitors such as hunters and 
anglers, were harmed. 

The provisions of the Act are clear that you are NOT liable if anyone comes onto your 
land without your permission and suffers harm, whether from a work-related hazard or for any 
other reason. 

12.2.3 Offences and Penalties, and type of liability 

Offences and penalties under the Act vary according to the section of the Act and the 
seriousness of the case. 

Where a person takes an action knowing that it is reasonably likely to cause serious harm 
and the action is contrary to a provision of the Act, that person if convicted, can be fined up to 
$100 000 and face up to one year in prison or both. The same applies where a person does not 
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act, and serious harm is likely to result from such inactivity. 
Where a person fails to comply with various other provisions of the Act or regulations 

made under it, irrespective of that person's understanding of the requirements, a fine of up to 
$50 000 can be ordered if serious harm results, or a fine of up to $25 000 in any other case. 

The concept of strict liability applies to those cases. This means that is not necessary for 
the prosecution to succeed to prove that the defendant (generally the employer) intended to 
take the action alleged to constitute the offence, or indeed deliberately did not take action in 
the event that the offence arose as the result of a failure of an employer to put in place 
preventative action. 

Where a corporate body fails to comply, its officers, directors or agents are liable for 
conviction. 
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SECTION 13 

CONTACTS IN AGRICULTURE 
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13.1 CONTACTS IN AGRICULTURE-
101 USEFUL ADDRESSES 

The following useful addresses have been supplied by the publishers of the 2003 edition of 
the annual directory "NZ Contacts in Agriculture, Horticulture, Forestry and Fishing". The 
directory lists more than 2 800 New Zealand associations, organisations and major 
agribusinesses, providing extensive contact details for over 5 000 key personnel including 
their positions, physical and postal addresses, phone and fax numbers, email and 
web addresses. Copies are available direct from the publishers: Contacts Business 
Directories, P.O. Box 545, Picton. Telephone: (03) 573-4471. Fax: (03) 573- 4472. 
Web-site: www.contacts.co.nz 

AgResearch Ltd, Private Bag 3115, Hamilton. Telephone: (07) 834-6600. Fax: (07) 834-6640. 

Agrichemical Education Trust - see NZ Agricultural Education Trust. 

Agricultural and Marketing Research and Development Trust (AGMARDT), P.O. Box 399, 
Shortland Street, Auckland. Telephone: (09) 373-3370. Fax: (09) 373-3488. 

Agricultural Aviation Association- see NZ Agricultural Aviation Association. 

Agricultural Economics Society - see NZ Agricultural and Resource Economics Society. 

Agriculture ITO (Industry Training Organisation), P.O. Box 10-383, TheTerrace, Wellington. 
Telephone: (04) 801-9616. Fax: (04) 801-9626. 

Agriquality Ltd, Private Bag 14 946, Panmure, Auckland. 
Telephone: (09) 918-4000. Fax: (09) 918-4001. 

Agritech - see NZ Agritech. 

Agriventure (IAEA), P.O. Box 20 113, Christchurch. 
Telephone: (03) 359-0407. Fax: (03) 359-0408. 

Agronomy Society ofNew Zealand, c/- C.R. McGill, Private Bag 11222, Palmerston North. 
Telephone: (06) 356-9099. 

Alpaca Association ofNew Zealand Inc., P.O. Box 6348, Upper Riccarton, Christchurch. 
Secretary Telephone: (09) 404-0877. Fax: (09) 404-0685. 

Angus - see NZ Angus Association. 

Animal Health Board Inc., P.O. Box 3412, Wellington. 
Telephone: (04) 472-2858. Fax: (04) 473-8786. 

Beef & Lamb Marketing - see NZ Beef & Lamb Marketing Bureau. 
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Beef Council - see NZ Beef Council. 

Beekeepers- see National Beekeepers Association. 

BioDynamic Farming and Gardening Association in NZ (Inc), P.O. Box 39045, Wellington. 
Telephone: (06) 589-5366. Fax: (06) 589-5365. 

BIO-GRO New Zealand, P.O. Box 9693, Marion Square, Wellington. 
Telephone: (04) 801-9741. Fax: (04) 801-9742. 

Cashmere Producers ofNew Zealand Inc., P.O. Box 32, Kirwee, Canterbury. 
Telephone I Fax (03) 318-1644. 

Coopworth Sheep Society ofNew Zealand Inc., P.O. Box 169, Lincoln University, 
Canterbury. Telephone: (03) 325-2811. Fax: (03) 325-3851. 

Correspondence School, Private Bag, Wellington. 
Telephone: (04) 473-6841. Fax: (04) 471-2406. 

Crop & Food Research (New Zealand Institute for Crop & Food Research Ltd), 
Private Bag 4704, Christchurch. Telephone: (03) 325-6400. Fax: (03) 325-2074. 

Dairy Breeds Federation- see NZ Dairy Breeds Federation. 

Dairy Farmers of New Zealand, P.O. Box 715, Wellington. 
Telephone: (04) 473-7269. Fax: (04) 473-1081. 

Dairy Industry Association ofNew Zealand, P.O. Box 3605, Richmond, Nelson. 
Telephone I Fax (03) 544-5921. 

Dairy InSight Incorporated, P.O. Box 417, Wellington. 
Telephone: (04) 471-8619. Fax: (04) 460-8187. 

Deer Farmers Association - see NZ Deer Farmers Association. 

Deer Industry New Zealand, P.O. Box 10 702, Wellington. 
Telephone: (04) 382-8626. Fax: (04) 382-9143. 

Department of Labour (OSH), P.O. Box 3705, Wellington. 
Telephone: (04) 915- 4444. Fax: (04) 499-0891. 

Dexcel, Private Bag 3221, Hamilton. Telephone: (07) 858-3750. Fax: (07) 858-3751. 

Emu Farmers' Association- see NZ Emu Farmers' Association. 

Equine Industry Training Organisation- see NZ Equine Industry Training Organisation. 

Farm Forestry- see NZ Farm Forestry Association. 
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Federated Farmers ofNew Zealand, P.O. Box 715, Wellington. 
Telephone: (04) 473-7269. Fax: (04) 473-1081. 

Feed Manufacturers' Association- see NZ Feed Manufacturers' Association. 

Fertiliser Manufacturers' Research Association- see NZ Fertiliser Manufacturers' Research 
Association. 

Fertmark Society Inc., P.O. Box 414, Ashburton. 
Telephone: (03) 307-8148. Fax: (03) 307-8146. 

Fire Authority- see National Rural Fire Authority. 

Fonterra Co-operative Group Ltd, Private Bag 92 032, Auckland. 
Telephone: (09) 256-5400. Fax: (09) 256-5419. 

Food Safety Authority- see NZ Food Safety Authority. 

Forest Industries Training & Education Council, P.O. Box 6216, Rotorua. 
Telephone: (07) 348-7250. Fax: (07) 348-7350. 

Forest Research, Private Bag 3020, Rotorua. Telephone: (07) 343-5899. Fax: (07) 350-1498. 

Foundation for Arable Research (FAR), P.O. Box 80, Lincoln, Canterbury. 
Telephone: (03) 325-6353. Fax: (03) 325-6354. 

Foundation for Research, Science and Technology, P.O. Box 12 240, Thomdon, Wellington. 
Telephone: (04) 917-7800. Fax: (04) 917-7850. 

Goat Council - see Meat NZ Goat Council. 

Grain & Seed Trade Association - see NZ Grain & Seed Trade Association. 

Grassland Association - see NZ Grassland Association. 

Growsafe - see NZ Agrichemical Education Trust 

Hereford Association - see NZ Hereford Association. 

Land Information New Zealand, P.O. Box 5501, Wellington. 
Telephone: (04) 460-0110. Fax: (04) 472-2244. 

Landcare Research New Zealand Limited, P.O. Box 40, Lincoln, Canterbury. 
Telephone: (03) 325-6700. Fax: (03) 325-2127. 

Landcare Trust - see NZ Landcare Trust. 

Landcorp Farming Ltd, P.O. Box 5349, Wellington. 
Telephone: (04) 471-0400. Fax: (04) 473-4966. 
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Lincoln University, P.O. Box 94, Lincoln University, Canterbury. 
Telephone: (03) 325-2811. Fax: (03) 325-2944. 

Livestock Improvement Corporation Limited, Private Bag 3016, Hamilton. 
Telephone: (07) 856-0700. Fax: (07) 858-2741. 

Massey University, Private Bag 11-222, Palmerston North. 
Telephone: (06) 356-9099. Fax: (06) 350-5630. 

Meat & Wool Innovation Ltd, P 0 Box 4025, Wellington. 
Telephone: (04) 471-6020. Fax: (04) 471-6021. 

Meat New Zealand, P.O. Box 121, Wellington. 
Telephone: (04) 473-9150. Fax: (04) 474-0800. 

Meat New Zealand Goat Council, P.O. Box 121, Wellington. 
Telephone: (04) 473-9150. Fax: (04) 474-0801. 

Minister of Agriculture, cl- Parliament Buildings, Wellington. 
Telephone: (04) 470-6556. Fax: (04) 495-8447. 

Ministry of Agriculture and Forestry, P.O. Box 2526, Wellington. 
Telephone: (04) 474-4100. Fax: (04) 474-4111. 

Mohair New Zealand, P.O. Box 665, Timaru. Telephone I Fax (03) 688-4096. 

National Beekeepers' Association ofNew Zealand Inc., P.O. Box 715, Wellington. 
Telephone: (04) 473-7269. Fax: (04) 473-1081. 

National Council ofNew Zealand Wool Interests Inc., P.O. Box 2857, Christchurch. 
Telephone: (03) 353-1049. Fax: (03) 374-6925. 

National Possum Control Agencies (NPCA), P.O. Box 11461, Wellington. 
Telephone: (04) 499-7559. Fax: (04) 473-1603. 

National Rural Fire Authority, P.O. Box 2133, Wellington. 
Telephone: (04) 496-3600. Fax (04) 478-1603. 

National Seed Laboratory- AgriQuality New Zealand Ltd, P.O. Box 609, Palmerston North. 
Telephone: (06) 351-7940. Fax: (06) 351-7907. 

Nature Heritage Fund, P.O. Box 10 420, Wellington. 
Telephone: (04) 471-0726. Fax: (04) 471-3018. 

New Zealand Agricultural & Resource Economics Society Inc., P.O. Box 19560, 
Christchurch. Telephone I Fax: (03) 384-2432. 

New Zealand Agricultural Aviation Association, P.O. Box 2096, Wellington. 
Telephone: (04) 472-2707. Fax: (04) 471-1314. 
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New Zealand Agritech Inc., P.O. Box 74 288, Market Road, Auckland. 
Telephone: (09) 520-6999. Fax: (09) 524-8387. 

New Zealand Angus Association Inc. P.O. Box 503, Feilding. 
Telephone: (06) 323-4484. Fax: (06) 323-3878. 

New Zealand Beef and Lamb Marketing Bureau Inc., P .0. Box 33 648, Auckland. 
Telephone: (09) 489-7119. Fax: (09) 489-7164. 

New Zealand Beef Council Inc., P.O. Box 4025, Wellington. 
Telephone: (04) 471-4601. Fax: (04) 471-6021. 

New Zealand Dairy Breeds Federation, c/- J.R. Davies, RD 1, Hamilton. 
Telephone I Fax: (07) 824-3440. 

New Zealand Deer Farmers' Association, P.O. Box 5646, Wellington. 
Telephone: (04) 382-8626. Fax: (04) 382-9143. 

New Zealand Emu Farmers' Association, P.O. Box 39, Lincoln, Canterbury. 
Telephone: (03) 347-6744. Fax: (03) 347-6756. 

New Zealand Farm Forestry Association Inc., P.O. Box 1122, Wellington. 
Telephone: (04) 472-0432. Fax: (04) 473-6904. 

New Zealand Federation of Young Farmers Clubs Inc., P.O. Box 715, Wellington. 
Telephone: (04) 473-7269. Fax: (04) 473-1081. 

New Zealand Feed Manufacturers' Association Inc., Auckland. 
Telephone: (09) 520-4300. Fax: (09) 520-1553. 

New Zealand Fertiliser Manufacturers' Research Association Inc., P.O. Box 9577, 
Newmarket, Auckland. Telephone: (09) 415-1357. Fax: (09) 415-1359. 

New Zealand Food Safety Authority, P.O. Box 2835, Wellington. 
Telephone: (04) 463-2500. Fax: (04) 463-2501. 

New Zealand Grain & Seed Trade Association Inc., P.O. Box 1208, Wellington. 
Telephone: (04) 472-7919. Fax: (04) 473-4720. 

New Zealand Grassland Association, P.O. Box 5517, Wellington. 
Telephone: (04) 385-8547. Fax: (04) 385-8725. 

New Zealand Groundspread Fertilisers' Association Inc., P.O. Box 414, Ashburton. 
Telephone: (03) 307-8145. Fax: (03) 307-8146. 

New Zealand Guild of Agricultural Journalists and Communicators, 
P.O. Box 10-509, Wellington. Telephone: (04) 472-5565. Fax: (04) 472-5577. 

New Zealand Hereford Association Inc., P.O. Box 503, Feilding. 
Telephone: (06) 323-4484. Fax: (06) 323-3878. 
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New Zealand Institute of Agricultural Science, P.O. Box 121 063, Henderson, Waitakere 
City. Telephone: (09) 812-8506. Fax: (09) 812-8503. 

New Zealand Institute of Primary Industry Management Inc., P.O. Box 33369, Petone, 
Wellington. Telephone: (04) 939-9134. Fax: (04) 939-9135. 

New Zealand National Fieldays Society Inc., Private Bag 3015, Hamilton. 
Telephone: (07) 843-4499. Fax: (07) 843-8572. 

New Zealand Plant Protection Society Inc., P.O. Box 69, Lincoln. 
Telephone: (03) 325-6700. Fax: (03) 325-2074. 

New Zealand Pork Industry Board, P.O. Box 4048, Wellington. 
Telephone: (04) 385-4229. Fax: (04) 385-8522. 

New Zealand Qualifications Authority, P.O. Box 160, Wellington. 
Telephone: (04) 802-3000. Fax: (04) 802-3112. 

New Zealand Romney Sheep Breeders' Association Inc., P.O. Box 231, Feilding. 
Telephone I Fax: (06) 323-4156. 

New Zealand Seed Quality Management Authority Inc., P.O. Box 609, Palmerston North. 
Telephone: (06) 351-7943. Fax: (06) 351-7907. 

New Zealand Sheep Dog Trial Association, P.O. Box 307, Hastings. 
Telephone: (06) 873-5371. Fax: (06) 873-5372. 

New Zealand Sheepbreeders' Association, P.O. Box 20094, Christchurch. 
Telephone: (03) 358-9412. Fax: (03) 358-9402. 

New Zealand Society of Animal Production Inc., cl- Private Bag 3123, Hamilton. 
Telephone I Fax: (07) 856-9150. 

New Zealand Society of Soil Science, Crop & Food Research, Private Bag 4704, 
Christchurch. Telephone: (03) 325-6400. Fax: (03) 325-2074. 

New Zealand Standardbred Breeders' Association Inc., P.O. Box 29 241, Fendalton, 
Christchurch. Telephone: (03) 351-3447. Fax: (03) 351-6665. 

New Zealand Stock and Station Agents' Association, P.O. Box 37, Feilding. 
Telephone: (06) 323-9864. Fax: (06) 323-2041. 

New Zealand Thoroughbred Breeders' Association, Private Bag 99-908, Newmarket, 
Auckland. Telephone: (09) 525-2428. Fax: (09) 525-2434. 

New Zealand Tree Crops Association Inc., P.O. Box 84, Clevedon. 
Telephone: (09) 292-8457. Fax: (09) 292-8458. 
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New Zealand Wool Board, P.O. Box 3225, Wellington. 
Telephone: (04) 472-6888. Fax: (04) 473-7872. 

NZ Agrichemical Education Trust (Growsafe), P.O. Box 10 232, Wellington. 
Telephone I Fax: (04) 472-9997. 

NZ Equine Industry Training Organisation Inc., cl- DC Brown, Johnson Street, Bulls. 
Telephone I Fax: (06) 322-1679. 

NZ Landcare Trust, P.O. Box 39 141, Christchurch. 
Telephone: (03) 962-9555. Fax: (03) 962-9557. 

NZ Ostrich Association Inc., cl- R Beer, RD I, Christchurch. 
Telephone: (03) 318-1068. Fax: (03) 318-1060. 

NZ Pig Breeders Association, cl- B Miller, RD 2, Christchurch. 
Telephone: (03) 329-7861. Fax: (03) 329-7122. 

OPENZ Organic Products Exporters ofNZ Inc., P.O. Box 292, Christchurch. 
Telephone: (03) 344-4081. Fax: (03) 344-4083. 

OSH - see Department of Labour. 

Perendale Sheep Society ofNew Zealand, cl- J. Pascoe, RD 1, Darfield. 
Telephone I Fax: (03) 318-8260. 

Pest Management Association ofNew Zealand, P.O. Box 31 067, Lower Hutt. 
Telephone: (04) 589-0257. Fax: (04) 589-0252. 

Pork Industry Board - see NZ Pork Industry Board. 

Possum Control Agencies - see National Possum Control Agencies. 

Poultry Industry Association of New Zealand Inc., 96d Carlton Gore Road, Auckland. 
Telephone: (09) 520-4300. Fax: (09) 520-1553. 

Romney Sheep Breeders' Association- see NZ Romney Sheep Breeders' Association. 

Rural and Associated Contractors Federation ofNZ Inc., P.O. Box 12 013, Thomdon, 
Wellington. Telephone: (04) 496-3273. Fax: (04) 496-3272. 

Rural Communities Trust, P.O. Box 715, Wellington. 
Telephone: (04) 473-7269. Fax: (04) 473-1081. 

Rural Couriers Society Ltd (Coural), P.O. Box 1233, Palmerston North. 
Telephone: (06) 357-3129. Fax: (06) 356-6618. 

Rural Women New Zealand, P.O. Box 12021, Wellington. 
Telephone: (04) 473- 5524. Fax: (04) 472-8946. 
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Seed Laboratory- see National Seed Laboratory. 

Sheep Breeders' Association- see NZ Sheep Breeders' Association. 

Sheep Council, P.O. Box 66, Lincoln University, Canterbury. 
Telephone: (03) 325-7260. Fax: (03) 325-7261. 

Sheep Dairy Association ofNew Zealand, P.O. Box 14, Gore. 
Telephone: (03) 208-9956. Fax: (03) 208-9958. 

Sheep Dog Trial Association - see NZ Sheep Dog Trial Association. 

Smallfarming New Zealand, P.O. Box 17, Inglewood. Telephone I Fax: (06) 762-4012. 

Soil and Health Association ofNew Zealand Inc., P.O. Box 36 170, Northcote, Auckland. 
Telephone I Fax: (09) 419-4536. 

Southdown Sheep Society ofNew Zealand Inc., P.O. Box 231, Feilding. 
Telephone I Fax: (06) 323-4156. 

The Royal Agricultural Society ofNew Zealand Inc., P.O. Box 54, Woodend, 
North Canterbury. Telephone: (03) 313-1004. Fax: (03) 313-1003. 

Trade New Zealand (New Zealand Trade Development Board), P.O. Box 8680, 
Symonds Street, Auckland. Telephone: (09) 366-4768. Fax: (09) 366-4767. 

Tree Crops Association- see NZ Tree Crops Association. 

Wool Board - see NZ Wool Board. 

Wool Interests- see National Council ofNZ Wool Interests. 

Wool Research Organisation ofNew Zealand Inc. (WRONZ), Private Bag 4749, 
Christchurch. Telephone: (03) 325-2421. Fax: (03) 325-2717. 

Young Farmers Clubs- see NZ Federation of Young Farmers Clubs. 
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14 AGRICULTURAL GLOSSARY 

This section was compiled by M.R. Cameron, Farm Management Group, Lincoln University. 
Information was obtained from a variety of sources- see page N-69. 

Note: 
abbr. = abbreviation 

chem. sym. = chemical symbol 

e.g. = for example 

i.e. = that is 

2th, 4th, 6th, etc. 

4 (or 2) WD (abbr.) 

A &P (abbr.) 

AB (abbr.) 

Abort 

Ac. (abbr.) 

A.C. (abbr.) 

Acidosis 

2 tooth, 4 tooth, 6 tooth, etc., relating to the age of sheep and goats. 

4 (or 2) wheel drive, relating to vehicles. 

A 

Agricultural and Pastoral. 

Artificial breeding. 

To miscarry; expulsion of an embryo or foetus and so end a pregnancy 
before the foetus is fully developed. May also apply to plant embryos. 

Acre. 

Alternating current, as from 'mains' power supply. 

Disease oflivestock caused by excess intake of feeds rich in 
carbohydrates. Also known as lactic acid poisoning, grain poisoning, 
founder. 

Acute A term applied to a disease when the onset is sudden, the symptoms 
severe and the duration short. The converse of chronic. 

Adjusted weighted average sale price(A WASP) for wool: 
Average price per kilogram (greasy) of wool sold at a particular 
auction, adjusted for seasonal variations in the proportion of wool 
types offered in that sale. 

Ad libitum (ad lib) feeding: 

Adsorption 
(of phosphorus) 

Adventitious roots 

Unrestricted supply of feed, day and night. 

The removal of phosphate anions from the soil solution by reacting 
with iron and aluminium compounds coating the surface of mineral 
particles. 

Roots that arise in 'abnormal' positions, e.g., from a stem or leaf. 
The contrast is with primary roots that develop from the axis of a 
seedling and roots that arise from other roots. 
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Aeration (of soil) 

Aerobic 

Afforestation 

The process by which air within soil pores is exchanged with 
atmospheric air, thus preventing the depletion of oxygen and the 
accumulation of carbon dioxide in the soil air. 

Containing moleclilar oxygen, or requiring the presence of oxygen 
for existence. 

(i) Growing trees as a crop. 

(ii) Planting of trees on land previously in another use. 

Ageing of.sheep and cattle, etc., on teeth (approximate): 
All ruminants have teeth only in the bottom jaw, and have a hard 
dental 'pad' on the top jaw. 
Lambs are born with eight small temporary milk incisors (front 
teeth) and these are replaced in pairs, from the centre outwards, at 
certain ages. Hence you can 'mouth' sheep (and other ruminants) 
and estimate their age. The age of animals when teeth erupt varies 
considerably. 

Aggregate (of soil) A cluster of primary soil particles (sand, silt and clay) held together 

Agistment 

Agribusiness 

Agroforestry 

by a combination of electrostatic forces, cements and fungal hyphae, 
to form secondary porous particles of various sizes. 

An arrangement where money is paid for grazing stock on land owned 
by another person. The owner of the land is responsible for the feeding 
and care of the livestock. 

The activities undertaken by the community of researchers and 
practitioners in industry, academia, and government dealing with the 
broad spectrum of the business of agriculture, including agricultural 
inputs, agricultural production, commodity processing, food, food 
manufacturing, and food distribution. 

Growing trees and (grazing) pastures together as a farming unit. In NZ, 
it describes land use systems that include forestry and livestock in 
the same farm business. 

Ai (abbr.) Active ingredient. 

AI (abbr.) Artificial insemination, synonymous with AB. 

Air-dry tonnes Weight of wood pulp expressed at 10% moisture content. 

Air-filled porosity (at field capacity): 

Air-flow apparatus 

Alkaloid 

Allele 

Allelopathy 

The volume of air-filled pores available for root growth and gas 
exchange after a soil has finished draining. 

Measures the mean fibre diameter of wool on the basis of measuring 
the flow rate of air, sucked at constant pressure through a small 
sample of wool packed in a constant volume chamber. 

The general name for organic chemicals (nitrogenous bases) found in 
plants. Alkaloids can be poisonous or medicinal. 

Any one of the alternative forms of a gene occupying the same locus 
on a chromosome. 

The chemical inhibition of one organism by another. Production of 
chemical agents by plants which retard the growth or germination of 
other species. 
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Alluvium Sand, silt and clay deposited on land by water; may subsequently 
form the parent material of a new soil. 

Ammonium nitrate An inorganic nitrogenous fertiliser. 

Ammonium phosphates Inorganic fertilisers containing nitrogen and phosphorus. 

Ammonium sulphate 

Amniotic fluid 

Amortization loan 

Amp 

Anaerobic 

An inorganic fertiliser containing nitrogen and sulphur. 

The fluid around the foetus, contained in the 'amniotic sac'. 

Loan with equal annual repayments made up of varying amounts of 
interest and principal. Interest component decreases as principal 
repayments increase over time. 

Unit of current. Watts divided by voltage. 

The absence of molecular oxygen, or not requiring oxygen for 
existence. The converse of aerobic. 

Anion An ion that carries one or more negative charges. 

Anion retention capacity A measure of the capacity of a soil to adsorb anions (usually 
phosphate anions); also known as the phosphate retention capacity. 

Annual draft 

Annuity 

Anoestrus 

Antlers 

Apron 

Arable 

(i) A regular (annual) consignment of a particular class of livestock 
from a farm property, that establishes a 'name' in the market-place. 

(ii) Mature breeding females (ewes, cows, hinds, etc.), normally 
from hill or high country properties, that are sold as flock or herd 
replacements to farmers on easier, flatter country. These animals 
have often had a number of progeny, but farming them on easier 
country extends their reproductive capacity. They are often mated to 
'terminal sires'. Refer also to 'One-year ewes' and 'Two-year ewes'. 

Fixed and equal sum of money paid to someone each year. 

Period when animals do not exhibit oestrus cycles, usually the non
breeding season or after giving birth. 

These grow each year from the pedicles (prominent outgrowths of the 
frontal bones of the skull) of male deer. They are composed ofbone 
and are shed each year in the early spring, with new growth (as 
'velvet') starting irnmediately. A_ntlers are distinct from the permanent 
horns (made of keratin) of species such as cattle, sheep and goats. 

(i) Hard piece of ground or concrete pad, for livestock to stand on, 
normally adjacent to a yard or building. 

(ii) Protective garment worn by those working in a dairy shed. 

Suitable for, or of, cultivation and tillage for the production of crops. 

Artesian aquifer Underground water retained under pressure by (slowly) permeable 
layers of soil. 

Artificial breeding (AB) Where semen is placed in the female reproductive tract by artificial 

Artificial selection 

ASP (abbr.) 

Aspect 

means. This semen has been previously collected and usually stored 
before being used. Synonymous with AI (artificial insemination). 

Selection resulting from man's decisions. Opposite to natural 
selection caused solely by nature. 

Autumn saved pasture. 

The direction in which the surface of land faces in relation to compass 
direction. 
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Asset 

ASW (abbr.) 

ATV (abbr.) 

Auger 

Property or possession that is available for productive use (land I 
buildings I livestock I machinery I vehicles; etc). 

Argentine stem weevil 

All Terrain Vehicle. Three or four-wheeled 'motorbike'. 

(i) A tool for boring holes in timber. 

(ii) A tool for boring post holes in the ground. 

(iii) A tubular, motorised device used for elevating grain or seed into 
a transport or storage facility. 

Autumn-saved pasture (ASP): 
Pasture that is grown and 'saved' in the autumn, to be grazed during 
the winter. 

Available nutrient The forms of nutrients in soils that can be easily absorbed and 
assimilated into plants; nutrients in solution. 

Available water The proportion of water in the soil that can be easily absorbed by 
plant roots. 

Available water-holding capacity (A WC or WHC): 
The amount of water (measured in mm) held in a soil between field 
capacity and permanent wilting point. 

A WASP (abbr.) Adjusted weighted average sale price (for wool). 

B ( chem. sym.) 

Baconer 

Bacteria 

B 

Boron. 

A pig slaughtered at 45.5-85 kg carcass weight to produce bacon and 
ham. 

Microscopic organisms, lacking chlorophyll, which obtain energy 
from living or dead organic matter or from chemical reactions; 
includes many pathogens. 

Bacterial stain (in wool) Discoloration arising from the exudation of bacteria present in a 
fleece under conditions of high temperature and humidity. Most 
stains are unscourable. 

Bail 

Bailee 

Bailment 

Bailor 

Balage 

Bale 

(i) A frame for holding an animal, e.g., milking bail, head bail. 

(ii) To capture, comer or restrain an animal, e.g., to bail a wild pig. 

Borrower ofloan for livestock. 

Loan for livestock. 

Lender oflivestock loan. 

The equivalent of 'silage' in a bale. It is green or wilted forage 
(pasture, lucerne, 'all-crop' barley, etc.) that has been baled and then 
individually or tube wrapped in plastic, to create anaerobic conditions 
to allow the ensiling process to occur. Used as supplementary feed. 

A package of material, e.g., hay, wool, etc. To bale-up is to pack into a 
bale. 
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Baling twine 

Band sprayer 

Barbed wire 

Bare fallowing 

Barren 

Base saturation 

Basic cations 

Batten 

Beardie 

Bearings 

Belly wool 

Benchmark 

BI (abbr.) 

Bin 

Binders 

Binning (wool) 

Biodiversity 

Biomass 

Bitch 

Black-face ram 

Blackleg 

Blades 

Bloat 

Block 

Loosely woven twine used for tying up hay bales. 

Crop sprayer that applies chemicals in narrow strips, mostly used with 
precision seeders. 

Fencing wire with interwoven 'spikes', supposedly to act as a 
deterrent for animals leaning over, or attempting to get through, a 
fence. 

The removal of all crop cover to leave the land 'fallow'. 

(i) Animals (normally females) that have failed to bear young. 

(ii) Plants that do not produce fruit. 

(iii) Land that is not fertile. 

The proportion (percentage) of the cation exchange capacity of a soil 
that is saturated with basic cations. 

Calcium, magnesium, sodium and potassium. 

A length of wood, steel, wire, chains, or plastic strip used to keep the 
wires on a fence at equal distances apart, and also to give the fence 
strength. 

A type of sheep dog with a hairy coat. Usually used as a huntaway. 

When the rectum or vagina is forced outside the animal's anus or 
vaginal opening, respectively. Vaginal bearings may occur in ewes 
around lambing time. 

Wool from the underside of a sheep. 

A criterion by which to measure something; reference point. 

Breeding index. 

Receptacle for holding loose wool prior to pressing in either a 
shearing shed or woolstore. 

Wool fibres running more or less obliquely between two or more 
staples thereby holding a fleece of wool together. 

Broker service for the disposal of small or mixed lots of wool. Each 
growers' wool is classed and weighed to bins with similar types from 
other growers to make saleable lines. 

In its most general sense, biodiversity refers to all aspects of variety 
in the living world. Specifically, the term may be used to describe 
the amount of genetic variation, the number of species or the number 
of community types present in an area. 

Living organisms. 

Female dog of any age. 

Meat-breed ram, which produces easily recognised black-faced 
progeny if used as a terminal sire or follow-up ram. 

A bacterial disease oflivestock. 

Hand shears for shearing sheep - blade shearing. 

Disorder of ruminants, involving persistent froth and consequent gas 
pressure in the rumen. 

An area ofland or an extensive grazing area, e.g., a 'development 
block' -a 'native' area being developed into farmland. 
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Blocky 

Bloodlines 

Blood typing 

Bloodstock 

Bloom 

Boar 

Bobby calf 

Bodyweight 

Bone fragility 

Boners 

Book 

Books 

Borated fertiliser 

Border-dyking 

Borders 

Brand 

Branding 

Brassica 

Break 

Break crop 

Break feeding 

Square-tipped staple of wool. 

A general term used to describe directly related animals. 

Classifying the blood group of an animal and establishing parentage 
from this. 

Purebred (thoroughbred) horses. 

(i) Attractive appearance of freshly-shorn wool, which disappears 
with storage. 

(ii) A term used to describe healthy, well-grown lambs that are in 
very good condition. 

Usually a male pig being used or ready for service. Can be used to 
describe any uncastrated male pig of any age. 

Calf to be slaughtered when over four days old, that has been fed 
solely on whole milk. Defined as under 45.5 kg liveweight with 
carcasses of not less than 9.98 kg. 

The 'mass' (weight) of an animal less its fleece (in the case of sheep) 
and the contents of the uterus. Bodyweight therefore differs from 
liveweight for pregnant females and all sheep carrying a fleece. 

Bone weakness resulting in a tendency to break. 

Old cows or bulls for slaughter to produce manufacturing (grinding) 
beef. Also young stock in very lean condition. 

Herd or Studbook - the register of a breed society or association. 

The complete set of (annual) financial accounts prepared for the 
farming business. 

Fertiliser with a boron-containing additive. 

A form of flood irrigation, gravity fed, with headraces, sills, levees 
and borders. 

Gradually sloping 'flat' strips ofland 10-30 m wide and separated by 
low levees, for 'border-dyke' irrigation. 

Identification on either a wool bale or an animal. 

Giving an animal an identification mark or number (fire branding, 
freeze branding, chemical branding) or identifying a bale of wool with 
ink or other permanent marker (and stencil). 

The plant family which includes turnips, swedes, rape, kale, 
cauliflowers and cabbages, etc. Weeds in the same plant family are 
hedge mustard, shepherds purse, cress etc. 

(i) The area of feed offered to animals when 'break feeding'. 

(ii) Temporary slowing or cessation in the growth of wool fibres, 
which results in their becoming visibly finer, with a marked loss of 
tensile strength and hence, a risk of a 'break'. 

Crop grown between periods of continuous cultivation of a main crop; 
on a cereal-growing farm, crops such as potatoes may be introduced to 
give a 'break' from continuous cereal growing. 

Method of rationing animal feed by the use of a temporary electric 
fence, moved at intervals as required. 
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Breast plate 

Breeding index (BI) 

Breeding season 

Breeding value (BV) 

Breeding Worth (BW) 

Breeds of cattle 

Block of timber placed in the ground to support the stay of a strainer 
or angle post. Refer also to 'stay block'. 

The best estimate of the genetic merit (based on objective 
measurements) of a breeding animal. Refer also to 'Breeding 
Worth'. 

Period when animals are sexually active. 

An assessment of the future genetic potential of an animal. 

A measure of a dairy cow or bull' s expected ability to breed 
replacements that are efficient converters of feed into profit. 

Dairy: Ayrshire, Friesian, Holstein, Jersey, Milking Shorthorn. 
'Traditional' Beef Angus, Beef Shorthorn, Belted Galloway, 
Hereford, Murray Grey, Red Devon, Red Poll, South Devon, Welsh 
Black. 
'Exotic' Beef Belgian Blue, Blonde d' Aquitaine, Brahman, Brangus, 
Charolais, Chianina, Gelbvieh, Limousin, Maine-Anjou, 
Piedmontese, Romagnola, Sahiwal, Salers, Santa Gertrudis, 
Simmental, Texas Longhorn, Wagyu. 

Breeds of(farmed) deer Elk, Fallow, Red, 'Wapiti' hybrids. 
Breeds of goats Milking: British Alpine, Saanan, Toggenburg, Anglo-Nubian. 

Meat: Anglo-Nubian, Boer, Kiko. 
Fibre: Angora and various crossbreds that produce cashmere and 
cashgora. 

Breeds of pigs Berkshire, Hampshire, Landrace, Large white, Tamworth, Welsh, 
Wessex saddle back. 

Breeds of sheep Dual purpose, meat/wool: Borderdale, Border Leicester, Cheviot, 
Coopworth, Cormo, Corriedale, East Friesian, Finn, Halfbred, 
Perendale, Romney, Texel, Wiltshire. 

Specialist coarse wool: Drysdale, English Leicester, Lincoln, 
Tukidale. 
Specialist fine wool: Merino (including Booroola Merino), Polwarth. 

Specialist meat (Down wool): Dorset Down, Dorset Hom, 
Hampshire, Poll Dorset, Ryeland, Southdown, South Dorset, 
Suffolk, South Suffolk. 

Bridge spikes Large nails (usually galvanised) with square head and shank, which 
are used to attach the decking (top planks) on a bridge to the 
stringers (supports). 

Brightness Property by which wool reflects light. A characteristic of Merino 
wools and most Merino cross wools. 

Britch wool Wool off the britch or lower thigh of the sheep. 

Britchiness The presence of wool over the britch and lower thigh containing 
coarse, medullated fibres. 

Broadcast To scatter seed over an area of ground as opposed to sowing with a 
drill. Synonymous with 'oversowing'. 

Broken mouth Ewes that have lost some of their permanent teeth. Synonymous with 
failing-mouth. 

Broken-mouthed ewe Ewes having some teeth missing. 
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Broker 

Brood mare 

Browse 

Brucellosis 

BRS (abbr.) 

Buck 

Budget 

Budget control 

Buffering capacity 
(of soils) 

Bulk (of wool) 

Bulk density (of soil) 

Bulkometer 

Bulls 

Butterfat 

BV (abbr.) 

BW (abbr.) 

BYDV (abbr.) 

C (chem. sym.) 
oc (abbr.) 

Someone who buys and resells products, or sells on behalf of the 
vendor/producer. Refer Wool broker. 

Mare kept for breeding. 

Feeding habit of goats and deer- picking mouthfuls from here and 
there as they move. Also the name given to shrubby material that is 
eaten. 

Disease caused by bacteria of genus Brucella. 

Bovine somatotropin. A protein hormone used (but not in NZ) for 
enhancing animal performance, especially dairy production. 

Entire male goat or male fallow deer. 

(i) Financial budget is a detailed statement of expected costs and 
returns. 

(ii) Feed budget is a detailed estimate of expected feed supply and 
demand. 

The process of comparing the actual performance of any aspect of 
farm production (financial or physical) with the performance which 
was expected when the budget was drawn up. 

The ability of a soil to resist changes in pH and also changes in 
the concentration of nutrients (particularly phosphorus) in the soil 
solution. 

A measure of wool's ability to fill space, measured in cubic 
centimetres per gram. 

The mass of a unit volume of soil. 

Instrument for the objective measurement of the bulk ofloose wool, 
sliver, or yarn. 

(i) Entire male cattle of any age, from bull calfto aged bull. 
Run bull: A non-registered bull for use in commercial herds. 
Grade bull: a non-registered bull, usually of dairy breeds. 
Stud bull: a pedigree (registered) bull. 
A1arker/teaser bull: a bull (usually vasectomised) fitted with a marking 
harness to identify cows 'in oestrus'. 
(ii) Entire male elk or wapiti 

Refer Milkfat. 

Breeding value. 

Breeding worth. 

Barley yellow dwarf virus. 

c 

Carbon 

Celsius (Centigrade) degrees 
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c3 plants 

c4 plants 

Ca (chem. sym.) 

Cadastral maps 

Calcareous 

Calcined magnesite 

Calcium sulphate 

Calf 

Calving interval 

Calving percentage 

Cambridge roller 

Canary stain 

Cap rail 

Capacitance 

Capillary forces 

Capital 

Capital gain 

Capital investment 

Capital stock 

Generally temperate species, which follow the Calvin (C3) cycle of 
photosynthesis. 

Tropical plants, which initially fix C02 in four-carbon dicarboxylic 
acids. These plants can have photosynthetic rates up to twice as great 
as C3 plants, under high light and temperature conditions. 

Calcium. 

Maps showing surveyed land areas, from which legal descriptions can 
be derived. 

Containing calcium carbonate (limestone). 

An inorganic fertiliser containing 50-55% magnesium in a readily 
available form, often referred to as 'Causmag'. 

An inorganic fertiliser, referred to as 'gypsum', containing sulphur. 

Young cattle beast or deer of either sex between birth and up to one 
year old. 

The interval between one calving and the next. 

Measures of the number of calves produced from the cows in a herd, 
in any one year. The 'survival to sale or herd' (sts) calf numbers 
(determined at weaning), relative to cows mated, is the most realistic 
indicator. This accounts for any deaths that occur prior to weaning, 
and for any 'empty' cows culled after pregnancy testing. Variations 
to the percentage include calculations using totals of calves born (if 
tallied at birth) or calves marked, relative to cows mated, cows 
pregnancy tested or scanned as 'in-calf, or tallied at marking. Refer 
also to 'lambing percentage'. 

Cultivation implement consisting of a number of circular steel rings 
(each 7.5 em wide with a triangular cross section) on an axle, and 
used for crushing small clods of soil and compacting the soil 
(especially after drilling seed). 

Bright yellow unscourable discolouration of wool, which occurs 
under conditions of high temperature and high humidity following a 
thorough wetting of the fleece. 

Top rail on cattle or deer yards, used for walking on, or the top rail 
on wooden fence. 

Ability to store a charge of electricity. 

The forces arising from the surface tension of water, which cause 
water to be drawn into and held within fine pores or tubes. 

The $ value of assets such as land and improvements, livestock, plant 
and machinery, securities and cash. Includes 'fixed' and 'working' 
capital. 

The increment in asset value between two given time periods. 

Money spent on equipment, stock or improvements that have a life 
of more than one year, and which should add to the productive 
capacity of the farm. 

The breeding stock on the farm, which are part of farm capital, that 
produce revenue or trading stock to generate income. 

N- 11 



Carbonising (wool) 

Carcass weight (CW) 

Carcass yield 

Carding (wool) 

Carpet wool 

Carrying capacity 

Cash flow 

Cash flow budget 

Cashgora 

Cashmere 

Cast 

Cast for age (CF A) 

Cast sheep 

Castration 

Catch-crop 

Catching pen 

Catchment 

Cation 

Cation exchange 

Removal of vegetable matter from wool and wool fabrics by 
chemical treatment. 

Care is needed in its definition as to whether it is the following: 
Hot CW: Weighed freshly dressed after slaughter, it is the CW on 
which payment is normally based. 
Cold CW: Weighed after spending a period in a chiller. 

The proportion of useable (saleable) meat from a carcass, expressed 
as a percentage of total carcass weight. 

Blending and partially aligning fibres during woollen yarn 
manufacture to form a carded sliver. The term is also used to 
describe wool suitable to undergo the process. 

Wool suitable for the manufacture of carpets which fall into three 
main types used by NZ manufacturers; heavily medullated specialty 
carpet wools (Drysdale type), coarse crossbred fleece and second 
shear, and crossbred oddments. 

The number oflivestock a property can graze annually, without 
importation of feed, or deterioration of the property. 

The movement of cash in and cash out of an enterprise. 

A budget of the expected cash in (receipts) and cash out (payments) 
on a monthly basis for any enterprise. 

'Downy' goat fibre (normally 19-23 microns) or finer fibre that is 
too lustrous to be classed as 'cashmere'. 

Very fine (must be less than 19 microns) 'downy' fibre ('under hair') 
from some 'double-fleeced' goats. 

Action of a dog when it leaves its handler to encircle or gather sheep. 

A 'culled' animal that is past its economic life for particular 
conditions. Sometimes used in the same context as 'annual draft'. 

A sheep found lying on its back that cannot get onto its feet unaided, 
usually because of pregnancy, heavy fleece, or lying in a hollow. 

Removal of a male's testicles, normally done at a relatively young 
age. 

Crop utilising land between two longer-term crops. 

Pen adjacent to a shearing stand in which a shearer catches sheep for 
shearing. Refer also to 'night pen'. 

The land area that drains into a stream or river system. 

An 'ion' which carries one or more positive charges. 

The exchange between cations in the soil solution and cations held 
on the surface of negatively charged soil particles. 

Cation-exchange capacity: 
The sum of the exchangeable cations that a soil can hold on 
negatively charged surfaces; it is equivalent to the number of 
negative charges in unit mass of soil. 

Cattle stop A device in a roadway, track or gateway designed to prevent stock 
access. Usually made of spaced bars over a pit. 
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Caveat A formal notice (registered on the 'Certificate of Title') applying to a 
specific area of land, which restricts or prevents the owner (or future 
owners) of the land from carrying out certain actions while the 
caveat remains in place, e.g., building height restrictions, etc. 

Certificate of Title (CIT) The documentation of ownership (and other 'interests') for a specific 
area of land defined by its 'legal description'. It also records 
transfers, registered mortgages, caveats, easements, etc. All this 
documentation has now been transferred to a database maintained by 
Land Information NZ Ltd. (LINZ), and the need for the historical 
'duplicate copy' of the CIT has been superseded. 

Cervix 

CFA (abbr.) 

Chain harrows 

Chalkiness (ofwool) 

Character 

Charcoal stain 

Chelates 

Chemical ploughing 

Chevon 

Chin-ball 

Chipwood 

Chisel plough 

Chlorophyll 

Chloroplasts 

Chlorosis 

Chromosome 

Chronic 

Chute 

The opening into the uterus or womb. 

Cast for age. 

Harrows made of steel rings linked with chains. Used as cover 
harrows behind a drill or to spread dung. 

The non-lustrous property (appearance) of 'Down' type and Cheviot 
wools. 

Composite description of staple definition, staple crimp clarity and 
tendency to blockiness in fleece wool. Graded as excellent, very 
good, good, average, poor, bad, and very bad. 

Discolouration of wool with charcoal from bush bums. Sometimes 
referred to as log stain. 

A compound in which the nutrients (usually trace elements) are 
combined into organic molecules and are readily available. 

The destruction of existing vegetation with herbicide rather than 
cultivation. 

The meat produced by Angora goats, in particular. 

A device fitted to the chin of a bull to mark (with ink) cows that he 
mounts, either mating or (ifvasectomised) identifying cows in 
oestrus. 

Usually iefers to small, low-value logs that are to be chipped for 
making fibreboard or pulp. 

An oversized cultivator with very strong, widely spaced tines. Refer 
also to 'grubber'. 

The green pigment in plants responsible for photosynthesis. 

Specialised organelles containing chlorophyll in which sugar or 
starch is synthesised. 

A condition or description of plant material which contains 
inadequate amounts of the green pigment chlorophyll. Chlorotic 
plants vary in colour from pale green to pale yellow. 

The thread-like structure in the cell nucleus that carries the genes. 

A term applied to a disease when the condition develops slowly and 
lasts for a long time. The converse of acute. 

Ramp from the porthole in a shearing shed taking sheep to a lower 
level. 
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CIDR (abbr.) 

c.i.f. (abbr.) 

Cl (chem. sym.) 

Controlled Internal Drug Release. A plastic device containing 
progesterone used to synchronise the oestrus of a flock or herd. Most 
commonly used in conjunction with artificial insemination and embryo 
transplantation. 

'Cost including freight'. A basis for valuing merchandise imports, 
representing the cost to the importer of buying the goods and then 
freighting them to New Zealand. Also applies to exports, where the 
price paid to the exporter includes delivery costs to the importer. 

Chlorine. 

Classing (of wool) Grouping together similar wools into saleable lines. 

Claw (of milking machine): 

Clay (soils) 

Clean on floor (COF) 

Clean pasture 

Clean quote 

Clean wool 

Clearwood 

Clip (wool) 

Clipping 

Clod 

Club-root 

Cluster (unit) 

CMT 

C:N ratio 

Co (chem. sym.) 

Coarse (wool) 

The manifold that spaces the teat cups in forming a cluster, and 
connects them to the pulsation and milk rubbers (tubes). 

A very fine mineral particle of soil no bigger that 0.002mm in 
diameter; also a soil textural class, soils in which clay-sized particles 
predominate. 

Price of a lot of greasy wool 'on the auction floor' expressed on a 
clean wool basis after adjustment for yield. 

Pasture free from animal parasites (eggs and larvae). 

Price for an order of clean (scoured) wool given by a manufacturer 
to a wool buyer acting on his behalf. Deductions for brokerage 
charges, documentation, scouring, insurance, and freight are made 
by the buyer in deriving a 'clean on floor' price limit to meet the 
order. 

Scoured wool. 

Wood free of knots and other defects. 

Quantity of shorn wool from a defined area (farm or locality), or 
from a group of sheep or an individual sheep. 

Removal of hair from an animal. 

A large, 'dense' and usually unstable mass of soil formed during 
cultivation processes. 

Fungal disease (Plasmodiophora brassicae) affecting brassicas, 
causing swelling and distortion of the roots and stunted growth. 

Part of a milking plant comprising teat cups, claw, long milk tubes 
and long pulse tubes. 

Californian Mastitis Test. Known in New Zealand as RMT (rapid 
mastitis test). 

The concentration of carbon in organic matter, divided by the 
concentration of nitrogen. 

Cobalt. 

Usually synonymous with 'strong'. Sometimes used to mean coarse 
handling. 

Coarse texture (of soil) Soil dominated by sand-sized mineral particles. 

Cobalt sulphate A trace element fertiliser additive containing 21% Co. 

Co-enzymes Small molecules essential for the activity of enzymes. 
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Cohesion (of soil) 

Collateral 

Collie (Border Collie) 

Colostrum 

Colorimeter 

Colt 

Comb 

Combine drill 

The forces holding soil particles together. 

Security for a loan. 

Sheep and cattle dog of British descent. 

The first milk produced by the dam after birth, which is rich in 
nutrients and antibodies. 

Instrument for the objective measurement of colour. 

Entire male horse, usually less than 3 years old. 

(i) Stationary unit of shearing hand-piece, against which a 'cutter' 
moves to shear the fibres. 

(ii) Part of a wool processing machine, which aligns fibres during the 
manufacture of'Tops'. 

Machine designed to meter and distribute seed and fertiliser into soil 
at a precise depth and row spacing. 

Combined sale Wools physically valued and stored in two or more centres and sold 
in one sale centre. 

Combing Fully aligning wool fibres during worsted yam manufacture. Also 
sometimes describes sound, fine wools suitable for combing. 

Comeback Australian term for a type of sheep which is approximately seven
eighths Merino. Commonly derived by twice back-crossing a Border 
Leicester-Merino halfbred with a Merino. 

Commercial (flock, herd): 

Compaction (of soil) 

Comparative analysis 

Composite animals 

Compounding 

Compound interest rate 

Conception rate (CR) 

Conceptus 

Sheep, cattle, deer or goats, etc., farmed for the co-products and 
meat they produce, as distinct from 'elite' or 'stud' flocks and herds. 
They may contain more than one breed, and also incorporate the use 
of 'terminal sires'. 

Soil that has been compressed by heavy traffic or animals so that the 
large, air-filled pores have been destroyed. 

Comparison of the performance of aspects of a particular farm with 
some 'standard' level of performance. Usually the 'standard' is the 
average performance of the same aspect in a group of broadly similar 
farms. 

Animals produced by crossing two or more breeds. Refer also to 
'synthetic breeds'. 

Adding interest to a sum of money, including interest on the interest 
and capital accumulated each year, i.e., calculation of the future 
value of a present sum. 

The rate of interest used in compounding. 

The number of females pregnant after mating (natural or AI) 
expressed as a percentage of the total mated. Refer to 'non return 
rate' for the standard set for dairy cows. 

The products of conception which include the foetus( es ), placenta 
and placental fluids and an increase in weight of the uterus. 

Conceptus-free weight Equivalent weight of the dam without the weight of the contents of 
pregnancy -- foetus and placenta. 
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Condition (livestock) A term used to describe the physical state of an animal, its level of 
finish, muscle development, and 'fatness'. Condition scoring is done 
using a scale from emaciated to grossly fat. 

Condition (wool) (i) Amount of 'non-wool' constituents, such as yolk, sand, or dirt, 
present in greasy wool. 

(ii) Relates to the moisture content of scoured wool, tops, or yarn. 

Conditioning Maintaining wool at an atmosphere of constant relative humidity to 
standardise its moisture content for measurement purposes. 

Constant dollar Dollars expressed in the same values as apply in some particular 
period, e.g., dollars in present dollar values projected into the future. 

Contemporaries Animals born at the same time and similarly reared and treated. 

Contingency allowance Allowance included in a budget to cover unexpected events, e.g., a 
drought resulting in losses of stock or crops. 

Continuous stocking 

Contour 

Contour fencing 

Contract (fencing) 

Contract (mating) 

Control 

Copper sulphate 

Core sample (wool) 

Cores (soil) 

Coronet 

Corpus luteum 

Correlation 

Cortex 

Cotyledons 

Cott (wool) 

The practice of allowing animals unrestricted access to an area of 
land for the whole or a substantial part of a grazing season. 
Synonymous with 'set stocking'. 
An imaginary line which connects points of equal elevation on the 
land surface. 

Fencing that follows the contour of a hill. 

The contractual arrangement between farmer and fencer to define 
work to be done, with detailed specifications and prices. 

A contract with a farmer to mate high Breeding Worth cows to high 
Breeding Worth bulls, to produce young bulls for further testing. 

The unselected, untreated base used in an experiment or in research 
to compare with, or measure against, the other treatments or 
selections. 

A trace element fertiliser additive containing 25% Cu, also used as a 
fungicide. 

Sample of wool cut from a bale by a tube sampler. Samples are taken 
lengthwise and used to measure yield and mean fibre diameter. 

Soil collected with a tube sampler, usually to a depth of 75 mm, for 
testing and analysis. 

The calcified ring around the base of deer antlers. 

Site on the ovary where the egg has been released, which forms a 
large red gland. There is one corpus luteum for each egg released. 
Corpora lutea (plural). 

A statistical term to describe the relationship or association between 
traits. 

Dense fibrous central region of a wool fibre consisting of long 
spindle-shaped cells. 

The first pair of seedling leaves of a broadleaf species, containing 
feed reserves. 

Fleece wool that has become matted during growth. A very badly 
matted fleece is termed a hard cott and a lightly matted fleece, a soft 
cott. 
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Count-out pen 

Cover crop 

Cow 

Cowshed 

Crimp (wool) 

Crop residue 

Crop rotation 

Cropping potential 

Cross-bred 

Crossbred wool 

Cross-breeding 

Crown 

Crumb structure (soil) 

Crush 

Pen adjacent to a shearing stand into which shorn sheep are released 
to be counted. Shearers are paid on their individual tallies. 

A crop planted to protect the soil surface from structural damage or 
erosion between periods of commercial cropping, which may also 
increase soil organic matter content. The term is also used to 
describe the situation where one crop acts to 'nurse' another crop 
that has been undersown in the same paddock. 

Mature female cattle beast, elk or wapiti of any age, but usually over 
30 months or after the first calving. 

Building (various types) where cows are milked. 
Walkthrough: Cows stand at floor level or on a raised step and are 
milked from the side. Cows leave each bail through the front exits. 
Angle-park: Cows stand on raised step at an angle to the milker and 
cups are put on from the side. Cows leave each bail through the front 
exits. 
Herringbone: Cows are milked in two rows standing at an angle to 
the milker who is in a pit at udder level. Cups are put on from the 
side or behind (between the back legs). Cows enter and leave 
together by row (or side). Revolving breast rails (in some sheds) 
allow for faster exits of each row. 
Rotary turnstile: Cows are milked on a rotating platform, normally 
with the milker on the outside and the cows facing the centre. The 
cows step forward onto the platform and reverse off. Cups are put on 
from behind (between the back legs). Rotary sheds are the norm for 
most 'large herds' and can milk 50-80 cows at a time. 

Natural 'wave' formation in a wool staple. In general the smaller the 
waves, the finer the fibre. 

The unharvested portion of a crop- roots, vines and straw (stalks). 

A sequence of different (depletive and restorative) crops, including 
periods in pasture, grown over a period of years on an area ofland. 

The ability of a soil to grow high-yielding crops. 

The progeny from crossing two breeds, lines or strains. Synonymous 
with 'hybrid'. 

In NZ, wool from breeds such as the Romney, which is normally 
greater than 30 microns in diameter. 

Mating a male and female of two different breeds. The resulting 
progeny have some of the characteristics of both parent breeds. 

(i) Top part of the taproot of herbaceous plants where the meristems 
that generate primary stems are sited. 

(ii) The leafy, upper part of a tree. 

(iii) Term referring to land ownership. Synonymous with 'State 
owned'. 

Small, rounded, porous aggregates. 

A device for safely constraining or imrnobilising animals with the 
minimum of stress, normally incorporated within the handling facilities 
(yards). 

N- 17 



Crust (soil) 

Crutching 

Crutchings 

Cryptorchid 

Cu ( chem. sym.) 

Culling 

Cultivar 

Cultivation 

Cultivator 

Cup remover 

Curd 

Current 

Cusec 

Cuticle 

Cutter 

A dense layer of poorly-structured material on the surface of a soil 
which is brittle when dry. 

Removal of wool from the posterior of sheep (around anus, vulva, 
and udder) primarily to prevent 'dags'. Generally done pre-mating 
when only the area around the vulva is cleared (ring crutch). 
Removing wool from the lower part of the belly, udder, and vulva 
prior to lambing is a full crutch. Eye-wigging (removal of wool from 
the head) may be done at the same time. 

Wool removed from the posterior of sheep at crutching. Normally 
coarser, and in the case of crossbred wool, more medullated than the 
remainder of the fleece. 

A male (lamb) whose testicles have been up into the pelvic 
cavity and held with a rubber ring placed around the top of the 
scrotum. This process renders the animal infertile, but allows it to 
exhibit the growth capabilities of an entire ram lamb. 

Copper. 

Removal (and normally slaughter) of animals from a breeding 
population, generally on account of some physical or performance 
deficiency. 

A cultivated variety or strain of a pasture or crop species, bred or 
selected for improved attributes. Cultivars are registered and their 
sale is usually protected by 'Plant Variety Rights'. 

Tillage practices designed to improve the physical condition of the 
soil or to control weeds. 

This is a lighter version of a grubber with less robust, more closely 
spaced tines. Sometimes referred to as a spring-tine cultivator. Refer 
also to 'grubber'. 

A device to automatically remove the teat cups from the cow when 
milking is completed, activated by minimal milk flow. 

A soft substance formed by the coagulation of milk, used in making 
cheese or eaten as a food. 

It is current, along with the duration and rate of its flow, which 
causes an electric shock. Increasing voltage increases the current, 
and current decreases as resistance increases. 

Cubic metre per second (m'/sec.), relating to the flow of water. 

Surface layer of wool and hair fibres consisting of flat overlapping 
scales. 

(i) Reciprocating unit of shearing handpiece, which cuts the wool 
against the stationary comb. 

(ii) Term used for a sheep carcass that has had to have parts removed 
prior to gaining export certification. 
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Dagging 

Dags 

Dairy beef 

Dairy conversion 

Dairy factory whey 

Dairy shed effluent 

DAP (abbr.) 

D.C. (abbr.) 

DCE (abbr.) 

Deadman 

Dead wool 

Debt serving ability 

Decision tree 

Deer Industry NZ 

De-horning 

Denitrification 

Density (wool) 

Depreciation 

Desiccant 

Desiccation 

D 

Removal of wool coated with faeces from the posterior of sheep. 

Lumps of matted and soiled wool, found mainly under the tail and 
hind legs. 

Beef producing animals (mainly bulls) bred from a dairy herd. They 
can be straight dairy breeds (e.g., Friesian) or crossbred (beef bull x 
dairy dam). 

The act of changing land-use from sheep or beef production, etc., to 
dairying, which nonnally requires soil fertility and pasture 
composition to be improved, along with the other necessary 
improvements such as races, fencing, water supply, a cowshed and 
other buildings. 

The watery material produced as a by-product of cheese-making. 

A slurry composed of cattle faeces, urine and wash water from dairy 
sheds. 

Di-ammonium phosphate. 

Direct current, as from batteries. 

Dairy cow equivalent. 

An anchor to add extra support to a strainer or angle post, it is buried 
in the ground and wired to the post by a 'tie back'. 

Wool plucked from a dead sheep. May contain cellular debris from 
the skin known as scud. 

The ability of a business to pay interest and principal repayments as 
they fall due, from the operating net cash flow. 

A diagrammatic representation of a problem, with the alternative 
options available and expected outcomes, which is used for making 
the decision/s to solve the problem. 

Refer to DINZ 

Removal of the horns from a cow or bull at any age. It is a requirement 
prior to entry of animals to slaughtering/processing facilities. 

The reduction of nitrate or nitrite N to gaseous forms. 

Refers to the number of wool fibres grown on a unit area of the 
sheep's skin. Strictly defined as fibre volume per unit length of fibre 
grown on a unit area of skin. 

The loss of 'value' (in$ terms) of capital items (buildings, 
improvements, plant and machinery, etc.) over time, influenced by 
their 'life expectancy'. It recognises the 'real' cost of maintaining 
such assets. 

A chemical used to stop the growth of the leaves of a crop, to ease 
harvesting. 

Drying out of plant tissue. 
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Development budget A budget prepared when planning major changes to a farm or 
business over a period of time (maybe years) and take a further 
period to reach full capacity and production. It would need to include 
'Stock Reconciliations' for each year and details of 'capital' 
expenditure, etc. 

Development fertilisers Fertilisers applied to increase the nutrient-supplying power of an 

Deviation 

Dewlap 

undeveloped or depleted soil, and often classified as 'capital' 
expenditure. 

A statistical measure of the difference of a particular observation 
from the mean of the group of observations in which it is found. 

Fold of skin running from under the neck down to the brisket (chest). 

Dicotyledonous (plant species): 

Digestibility 

Diminishing returns 

DINZ (abbr.) 

Dipping 

Direct drilling 

Direct input 

Discounting 

Discounting factor 

Distribution 

DLWG (abbr.) 

DM (abbr.) 

DNA(abbr.) 

Broad-leaved species, as opposed to narrow-leaved 
(monocotyledonous) species such as grasses. 

The proportion of an animal's feed intake (i.e., feed eaten) that is 
digested. The undigested part is excreted. Digestible DM expresses 
the proportions of the total DM that is digested. 

The phenomenon where increases in variable inputs to a productic.1 
process results in smaller and smaller increases in total output. The 
principle of diminishing returns indicates that extra variable input 
will add to the profit from the production process, so long as the 
extra return exceeds the extra cost. 

Deer Industry New Zealand- incorporates the former Game Industry 
Board (GIB) and Game Industry Association (GIA) and Deer 
Farmers' Association (DFA). 

Immersion or spraying of animals (usually cattle and sheep) to kill 
external parasites ( ectoparasites ). 

Using a specially designed drill (with slot-forming discs) to sow seed 
directly into an uncultivated 'seedbed', normally after the previous 
'cover' has been sprayed out (and killed) and grazed down to ground 
level. 

Entering information into a computer by direct input of an electronic 
signal (e.g., stock liveweights from electronic scales) 

Calculation of the present value of a future sum. 

The value by which a future cash flow must be multiplied to 
calculate its present value. 

A statistical term used to describe the variation (or spread) in a series 
of observations or measurements in experimentation. 

Daily live weight gain. 

Dry matter. The 'fresh' (green) weight ofa forage such as pasture 
less the water or moisture, which is removed by drying under 
standard conditions. DM is expressed as total kg, kg DM/ha (pasture 
mass) or as a percentage of the fresh weight (DM% or 'DM yield'). 

Deoxyribonucleic acid: The chemical compound that makes up the 
basic structure of the genes copying the genetic code. 
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Docking 

Doe 

Dog tucker 

Doing 

Dolomite 

DOM (abbr.) 

Dominant gene 

Donor 

Dosing 

Double dump 

Double fleece 

Down wool 

Downland/s 

Draft off or drafting 

Removing a large part of a young animal's tail to stop faeces (dung) 
sticking to it. The short part of the tail remaining is called a 'dock'. 
Docking oflambs is done by knife, searing iron, or rubber rings, and 
is usually done at the same time as ram lambs are castrated or made 
cryptorchids. Synonymous with 'tailing'. 

Mature female goat and in some breeds of deer (e.g., Fallow). 

Dog food, generally from cull animals slaughtered for this purpose. 

Expression to describe how stock are performing or their state of 
health, e.g., doing well or badly. 'Not doing' relates to ill-thrift or not 
performing well. 

A form oflimestone, which contains both calcium and magnesium 
carbonates. 

Digestible organic matter. 

A gene that exerts its effect even when not present as a pair. Refer 
also to 'recessive gene'. 

A breeding female from which fertilised ova (embryos) are collected 
for transplanting in another (recipient) female. Refer to 'MOET'. 

Synonymous with drenching. 

To press two bales of wool together, using a hydraulic press and 
securing by metal bands or wires, ready for shipment. The resultant 
'bale' halves the original 'volume' and hence improves freighting 
efficiency. Also known as a 'high density dump'. 

Fleece wool, which is more than 12 months wool growth. Sometimes 
referred to as 'overgrown'. 

Wool of characteristic appearance and 'handle' grown by sheep 
referred to as 'Down' breeds such as the Suffolk, Hampshire and 
Southdowns, and their crosses. 

Lower, 'easy' rolling hill country. 

Removing certain animals from a group. This can be done by driving 
the animals out of a group (cutting off or 'shedding out'), or driving 
them up a race and removing them through a special gate (drafting 
gate). 

Drafter Person who selects animals for slaughter. 

Drenching Administering a liquid (usually a drug) down the throat of an animal 
to kill internal parasites (endoparasites), to prevent bloat (excess gas 
production in a ruminant), or to give supplementary minerals, etc. 

Dressing-out percentage (DO%): 
The carcass weight expressed as a percentage of the pre-slaughter 
liveweight. Refer also to 'killing-out percentage'. 

Drill A device pulled by, or mounted on a tractor, for sowing seeds 
(pasture, crops, etc.), usually with associated 'drilling' fertiliser. 

Drilling 

Dropper/s 

The process of sowing seeds (and fertiliser) using a drill. 

(i) An Australian term for a fence batten. 

(ii) Tubes which hang down on a milking machine and carry the 
milk or pulsation 'vacuum' to the milk line and air line. 
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Dry (ewes, cows, hinds, etc.): 

Dry I dry 

Dry matter (DM) 

Dry land 

DSP (abbr.) 

Dual-purpose breed 

Dual-purpose sheep 

Dump (wool) 

Dung 

Dwelling 

Not producing milk due to their failure to reproduce or rear progeny 
after being mated. 

The term used for a female breeding animal that has failed to conceive 
after mating (and may be 'barren'), distinct from a 'wet/dry', which is 
when a female has given birth but failed to rear her progeny. 

The plant material left after all water has been removed. Using 
DM%, comparisons can then be made between different feeds such 
as pasture, swedes, grain, hay, etc. 

DM =the 'fresh' (green and dead) weight of forage, less its moisture 
content 

Unirrigated land, usually in a region of low annual rainfall. 

Deer Slaughtering Premise 

Breed of animal valuable for more than one product, such as milk and 
meat. 

Sheep from which production has an equal emphasis on wool and 
meat. 

The facility for compressing baled wool into units of higher density 
for shipment. More often referred to as a 'high density dump' or 
'double dump'. 

Animal faeces/excreta. 

House or homestead. 

Dynamic nutrient models: 

Dystocia 

Ear leaf (of maize) 

Ear-marking 

Early maturing 

Early shorn wool 

Easement 

Models that estimate the impact of a particular management practice 
or fertiliser application on the nutrient status of the soil. 

Difficulty in the process of giving birth because the offspring is too 
large, or the darn's pelvis too small, or both. 

E 

The leaf immediately below the emerging ear. 

Removing 'notches' from an animal's ear to denote age or ownership. 

Reaching an ideal market condition (muscle, meat/fat ratio, etc.) at 
an earlier age than average. Early-maturing lambs do not grow any 
faster than late maturing ones, so they are smaller and lighter in 
weight when marketed. 

Fleece wool, which is usually only 7-10 months growth that only just 
hangs together as a fleece when shorn. 

A registered 'interest' in an area ofland, agreed to by the owner (and 
recorded on the land's 'Certificate of Title') that conveys defined 
'rights' to the holder, e.g., the right to take and/or convey water, the 
right to access through the land (referred to as a 'Right of Way'), etc. 
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Easy hill country 

EBIT (abbr.) 

EC (abbr.) 

Economic farm surplus 
(EFS) 

Ecosystem 

Land with no large areas with slopes greater than 25°. 

Earnings before interest and tax. 

Emulsifiable concentrate. 

The annual financial pre-tax 'surplus' generated by a farming 
business, excluding debt servicing and rental payments, and 
including an assessment for 'wages of management', to allow valid 
comparisons of 'performance' with other farms. 
A major interacting system that involves both living organisms and 
their physical environment. 

EE (abbr.) Ewe equivalent. Synonymous with 'stock unit'. 

Effective rooting depth The depth of soil before a barrier to root growth is reached, corrected 
for the presence of stones. 

Efficiency (of irrigation) The proportion of irrigation water applied which actually becomes 

EFS (abbr.) 

Elasticity of demand 

Electrolysis 

Electrostatic forces 

Elemental sulphur 

Embryo 

Embryo transfer (ET) 

Emergence 

Empty cows/hinds 

Endemic 

Endophyte 

Enterprise 

Entire 

Enzymes 

Equity 

Equity capital 

available to plants in the soil, expressed as a percentage of the total 
applied. 

Economic farm surplus. 

The responsiveness of quantity demanded (of a product) to a change 
in price or a change in income. 

Corrosion that occurs when different metals are connected in a wet 
environment, such as with electrical connections on a fence line. 

Forces between opposite electric charges. 

An inorganic fertiliser which is 1 00% S in a slow release form. 

The early stage of development of an organism such as a mammal 
(in the uterus), or bird (in the shell), which develops from a 'zygote'. 

The technique of transferring embryos from one (donor) dam to 
another (recipient) dam. Refer also to 'MOET'. 

The appearance of a seedling through the soil surface. 

Those which fail to conceive during the breeding programme. 

Regularly found, or only found, in specific regions. 

An organism living within a plant. A fungal endophyte is fungus 
living within a plant. 

The production of a particular commodity, or groups of related 
commodities. 

A male (normally used as a sire) that has not been castrated. 

Protein materials which enable specific biochemical reactions to take 
place. 

Amount by which the value of assets exceeds liabilities. Sometimes 
expressed as a percentage of 'Total capital' (equity + liabilities). 
Also referred to as 'Net worth'. 

(i) The value of the owner's capital stake in the business (total assets 
less total liabilities). The amount the owner would end up with after 
all assets were sold and debts paid. 

(ii) The unencumbered (not borrowed) available capital an investor 
has to invest in an enterprise. 
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Equivalent acidity (of fertilisers): 
The weight of pure calcium carbonate (limestone) that must be 
applied to neutralise the acidity caused by applying one hundred kg 
of the fertiliser. 

Ergovaline A toxic alkaloid produced by endophyte infected ryegrass, which can 
cause heat stress and lameness in animals. 

Erosion The loss of soil by wind, water or ice. 

Essential plant nutrients Those elements which are essential for the normal growth of plants. 

Eutrofication . The enrichment of surface waters with plant nutrients resulting in 
excessive weed and algal growth, and subsequently the development 
of anaerobic conditions as organic matter decays. 

Evapotranspiration The loss of water by a combination of evaporation and transpiration 
by plants. 

Ewe Mature female sheep, usually after 2 years of age. Prior to that it 
would have been described as a ewe lamb, then a ewe hogget. 

Expected calving order A report listing the farmer's cows in date-of-calving order. Used as 
an important management tool. 

Extensive systems Farming systems which use a large amount of land per unit of stock or 
output. Converse of 'intensive systems'. 

Extractable organic S A fraction of the organic sulphur in a soil which can be extracted 
with a dilute phosphate solution, which provides an estimate of the 
potentially plant-available sulphur supply. 

Eye Trait of a dog to stare at a sheep and influence its movements. 

Eye cancer Cancerous condition of the eye (most often in white-faced or white
eyed cattle) caused by reaction to ultra-violet light. 

Eye clips Trade term for wool removed from the side of the face at shearing 
and/or crutching, which though soft, often contains a high proportion 
of kemp fibres. 

Eye-dog A dog with the natural ability to 'eye' sheep, often referred to as a 
'heading dog' with either a 'strong eye' or a 'plain eye'. 

°F (abbr.) 

f.o.b. (abbr.) 

Fl 

F2 

F 

Fahrenheit degrees. 

'Free on board'. The current market value of goods in the country of 
origin, including all costs necessary to get them on board the ship or 
aircraft, but excluding freight, insurance and other costs involved in 
transporting goods between countries. 

The first generation of progeny from 'purebred' parents of different 
breeds, sometimes referred to as the 'first cross' or 'cross-breds'. 

The progeny resulting from mating two Fl cross-breds of the same 
breed composition. Subsequent 'filial' generations (F3 or the second 
or third crosses). 
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Facial eczema 

Fadge 

Fallow 

Fallowing 

Farrowing 

Farrowing index 

Fat cover 

Fawn 

Fe (chem. sym.) 

Fecundity 

Feed budget 

Feed conversion 

A liver disease of stock caused by ingesting a pasture-borne toxic 
fungus. 

Package of wool (unpressed) in a wool pack, weighing less than 100 
kg. 

(i) Land on which no crop has been sown or planted. 

(ii) A species of deer 

The practice of'resting' a paddock for several months (maybe a year) 
by not sowing a crop or pasture. 

Pig parturition (the birth process for piglets), and hence farrowing 
crate, house, pens, etc., are places where a sow 'farrows'. 

Average number of litters a sow has in a year. 

The fat over the surface of the carcass, usually a factor taken into 
account when 'grading' the carcass. 

A young deer, normally referring to Red and Fallow deer, although 
'calf is often used in relation to Red deer. Fawn is the term used for 
some other breeds (e.g., Sika), but not for Elk or Wapiti (whose 
progeny are referred to as 'calves'). 

Iron. 

A component of 'fertility', it represents the potential reproductive rate 
as determined by the ovulation rate. It is sometimes referred to as 
'prolificacy', meaning the ability to produce many offspring. Refer 
also to 'fertility' and 'reproductive rate'. 

A plan which compares the estimated supply of pasture and other 
feeds with the requirements of livestock in the medium term 
(months). 

The proportion of food ingested that is converted into weight gain or 
milk production. 

Feed conversion efficiency: 

Feed utilisation 

Feedlot 

Felt 

Felting property 

The amount of the feed needed to produce a given amount of 
produce (e.g., kg feed/kg weight gain, kg feed/litre milk). 

The proportion of the total feed on offer (usually expressed in kg 
DM) which is consumed by the animal at each grazing. It is often 
expressed on an annual basis, i.e., the proportion of total DM 
produced annually which is utilised throughout that year. 

Confined area where feed is brought to the animals, often in the form 
of grains or similar concentrated feeds. 

Fabric made of wool matted under controlled conditions. 

Characteristic of wool (and some other fibres) of closely and tightly 
interlocking to form a compact mass of fibres (felt). 
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Fence 

Fence laying 

Fence line 

Fencing pliers 

Ferrous sulphate 

Fertigation 

Fertilisation 

Fertiliser 

Fertiliser borate-46 

Fertiliser borate-65 

Fertility ( oflivestock) 

Fertility (of soil) 

FF (abbr.) 

FH (abbr.) 

Barrier surrounding a paddock to keep stock enclosed. 

Legal definition from The Fencing Act 1978: 

'Fence' means a fence, whether or not continuous or extending along 
the whole boundary separating the lands of adjoining occupiers; and 
includes all gates, culverts, and channels that are part of or are 
incidental to a fence; and also includes any natural or artificial 
watercourse or live fence, or any ditch or channel or raised ground 
that serves as a dividing fence. 

The second schedule of The Fencing Act 1978 specifies '7 or 8 
wire', '9 or 10 wire', and 'prefabricated (netting)' fences. 

Delivering materials to the fence line and laying them out before 
work starts. 

The actual position of the fence. 

A combination hand tool used to hold, cut and bend wire. 

A trace element fertiliser additive containing 19% Fe (iron). 

The practice of adding fertiliser nutrients to irrigation water. 

The process by which the sperm unites with the egg to form a 
fertilized ovum. This occurs in a tube (the oviduct or fallopian tube) 
that links the uterus with the ovary. 

Any organic or mineral material that is added to soil to supply 
essential nutrients. (Note: This is not the legal definition). 

A trace element fertiliser additive containing 15% boron. 

A trace element fertiliser additive containing 20% boron. 

A measure of the ability of the female to conceive and produce 
offspring, or of the male to fertilise the female. It relates to the 
efficiency of the reproductive system as a component of reproductive 
rate. Refer also to 'fecundity' and 'reproductive rate'. 

The status of a soil in terms of the amount of plant-available 
nutrients it can supply. 

Federated Farmers 

Freehold. 

Fibre diameter The diameter of an individual fibre, measured in microns (J.l). 

Fibre diameter video analyser (FIDIV AN): 
Instrument used to measure the average (and standard deviation of) 
fibre diameter in a wool sample, using a closed circuit scanning 
device. 

Fibre fineness distribution analyser (FFDA): 
Instrument used to measure the average (and standard deviation of) 
fibre diameter in a wool sample on the basis of the scattering of a 
light beam. 

Field capacity Soil water content 2-3 days after an initially saturated soil has been 
allowed to drain and when free drainage has effectively stopped. 

Filly Juvenile female horse, usually less than 3 years old. 

Finance budget A budget showing income and expenditure (in nominal terms). 

Fine texture (of soils) Soils in which fine particles (clay and silt) predominate. 
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Fine (wool) 

Fine wool 

Finishing 

First cross 

Fixation 

Fixed capital 

Fixed costs 

fl. (abbr.) 

Flank painting 

Flat 

Flat to rolling land 

Fleece 

Fleece rot 

Flushing 

Fly-strike 

FNF (abbr.) 

Foal 

f.o.b. (abbr.) 

Fodder 

Foetus 

Follicle 

Describes wool thinner in diameter (lower micron) than wool usually 
found within a type, breed or flock. 

Low (less than 24,u) to very low micron wool from Merinos, 
Polwarths, Quarterbreds, etc. 

The growing of animals at a rate which increases the ratio of 
muscle to bone, and increases the proportion of fatty tissue in 
the carcass to a level at which the animal is considered to be fit 
for slaughter. 

The offspring of a mating between two different breeds. Refer also 
to 'Fl'. 

Processes which convert plant nutrients from soluble or 
exchangeable forms to less soluble or exchangeable forms. 

The capital invested in land, buildings and improvements that may 
not be readily liquidated; as distinct from that invested in livestock, 
produce or other 'current' assets (e.g., cash, shares, etc.). 

Costs that must be met and are not affected by the size and output of 
the activities in the farm operations; also called 'overhead costs'. 

Fluid. 

Painting the side (flank) of a cow with anti-bloating oil that the cow 
licks off itself. 

An area oflevel ground, sometimes adjacent to a river. 

Land where there are no large areas with slopes greater than 5°. 

Body wool (as distinct from wool off the head, legs and crutch) 
shorn from a sheep that tends to 'hang' together. 

The 'degradation' of fleece wool (while still on the sheep) due to 
excessive moisture that has robbed the fibres of their protective 
natural grease. Synonymous with 'wool rot'. 

A period where animals are offered an increased feeding level 
(raised plane of nutrition) for various purposes, but normally with 
the objective of increasing liveweight. Commonly associated with 
the management of ewes prior to joining. 

Where blowfly maggots feed on a woolly sheep, most often on the 
shoulder, back or around dirty hindquarters, causing the animal 
considerable distress, ill-thrift, and death if untreated. 

Free or nearly free, relating to vegetable matter in wool (see below). 

Juvenile horse of either sex up to weaning (4-6 months). 

'Free on board'. A basis for pricing exports (or imports) where the 
supplier's price includes the cost of delivering the goods to the 
nominated boat or plane for freighting. 

Animal feed, often referring to conserved feeds such as hay and silage. 

An unborn animal (that has developed from an 'embryo') in its 
mother's uterus. 

Tubular depression in the skin from which a hair or wool fibre 
grows. 
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Foot (fencing) 

Foot bath 

Foot paring 

Footrot 

Forage/forage crops 

F ormononetin 

Fostering 

Four-tooth 

A block of wood positioned horizontally, attached by wire or 
morticed into a post (near the bottom) and buried with the post. This 
acts as an anchor to stop the post being pulled out when the wire or 
netting on the fence is strained. May be used on strainer and angle 
posts, but is more common on 'run' posts positioned in hollows or 
dips in the fenceline. 

A trough treatment for foot disorders, through which stock are walked 
(or stood in). 

Cutting of excess hoof material from the feet of sheep, goats and cattle. 

Bacterial disease of the feet of cloven-hooved animals. 

Leafy pasture or crops that are grazed. 

One type ofphyto-oestrogen produced in legumes, which may have 
a detrimental effect on animals' ovulation. 

Making a dam accept an offspring other than its own, or giving an 
offspring to another dam (fostering on). Synonymous with 
'mothering-on'. 

A sheep with four adult incisor teeth, at approximately 2Y2- 3 years 
old. 

Free (fleece) Describes a fleece that is not catted or matted. 

Free or nearly free (FNF): 

Freemartin 

Freezing works 

Frequency 

Friable 

Fribs (wool) 

Frizzy (wool) 

Frost heave 

Full woolled sheep 

Fungi 

Futures 

Fuzzy (wool) 

Wool that is free or nearly free of vegetable matter (VM), it relates 
to lessening degrees of VM, and normally, less than 0.1% VM is 
considered to be 'free'. 

The female of male and female twin calves, which is usually sterile. 

A 'factory' where livestock are slaughtered and their carcasses 
frozen. These are now better referred to as 'meat processing plants', 
as the reliance on freezing meat has been surpassed with vacuum 
packing and chilling processes. 

A statistical term to describe the number of times an observation or a 
gene occurs in a population. 

A term used to describe the ease with which a soil breaks down to a 
desirable, crumb structure. 

Short, heavy conditioned pieces of wool (greasy), such as the sweat 
locks from the crutch and under the forelegs. 

Wool in which the staple is open and spongy, with a tight fibre crimp 
and a poor staple definition. Also termed 'fuzzy'. 

Loosening and lifting of the surface soil as a result of severe frosts. 

Unshorn sheep with full year's wool growth. 

Organisms not containing chlorophyll, which obtain their nutrients 
by decomposing organic materials. 

Quantities of a commodity of defined quality for delivery at an 
agreed future date, as specified in a contract tradeable in a futures 
market. 

Synonymous with 'frizzy' (see above). 
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g (abbr.) 

Gametes 

Gate 

Gearing 

Gelding 

Gene interaction 

Generation interval 

Genes 

Genetic drift 

Genetic engineering 

Genotype 

Germination 

Gestation 

GDP (abbr.) 

GF (abbr.) 

GI (abbr.) 

Gilt 

GM (abbr.) 

Goitrogens 

G 

Gram (one thousandth of a kg) 

Reproductive cells (female egg and male sperm). 

A movable structure for preventing access between areas (by 
closing), and in some situations, influencing the movement of stock. 

Backing gate: Used in the yard of a cowshed for holding and moving 
cows. 

Drafting gate: Hand or computer operated for separating stock in a 
drafting race. 

Flood gate: Used across a stream and its bed, and designed to allow 
flood water and debris to pass, but remain stockproof. 

Taranaki gate: Low-cost gate made from wooden fence battens, 
netting or barbed wire, and pulled tight by a simple lever. 

The ratio of debt to equity, also called 'leverage'. 

Castrated male horse of any age. 

Where the same traits are affected by more than one pair of genes. 

The period of time between each generation, determined by the 
average age of the parents when the progeny are born. 

The basic units of inheritance, occupying fixed positions on 
chromosomes. 

The change in genotypes that occurs under the influence of some 
random effects in the environment. 

The science of modifying the genetic constitution of an animal or 
plant directly through manipulation of genes. 

The genetic or heritable constitution of an animal which cannot be 
altered. Genotype limits the ultimate physical performance, 
irrespective of nutrition and management. Refer aiso to 'phenotype'. 

The physiological process after the uptake of water by a dry seed, 
that results in the production of a seedling root and shoot. 

The period of time from conception (successful mating) to 
parturition (birth). 

Gross domestic product. 

Greenfeed. 

Gross income. 

Female pig of any age from birth to when she has her first litter. 

Gross margin. 

Organic materials in some plant species (white clover, sorghum and 
bras sica species) capable of producing the signs of iodine deficiency 
in mammals. 
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GR measurement 

Grab sample 

Grading 

Grading-up 

Grass fence 

Grass staggers 

Grassing 

Grazing plan 

Greasy wool 

Greenfeed (GF) 

Green skin 

Grind 

Gross domestic product 
(GDP) 

Gross margin (GM) 

Ground water 

Standardised measurements (in mm) used in the meat processing 
industry to determine which carcasses are to be graded overfat . In 
lambs, it is the tissue depth between the carcass surface and the rib, 
taken in the region of the 12th rib, at a point 11 em from the carcass 
mid-line. 

Sample of wool withdrawn from a bale by metal jaws for display to 
buyers, for sale by sample. 

The classification of meat carcasses relative to their weight, 
conformation and fat cover, which in conjunction with the 'schedule' 
prices ($/kg) and average carcass weights, is the basis for payment. 
The process in a breeding programme of breeding progressively 
towards 'purebred', by using a purebred parent (normally a sire) over 
successive generations of cross-breds (i.e., Y2, %, Ys, etc.) 
A 'horizontal' fence made by two or three electric fence wires, 
where the pasture grows between the wires and forms a visual 
barrier. 

Magnesium deficiency common in ewes and cows (especially dairy 
cows). Also known as hypomagnesaemia. 

The term used to describe the process of establishing pastures by 
sowing of pasture seeds and fertiliser, etc., normally by drilling after 
cultivation or direct drilling after spraying (to kill the previous 'cover'). 

New grassing: The process of establishing pastures on previously 
'undeveloped' ground. 

Regrassing: The process of re-establishing pastures as part of a 
renovation programme or cropping rotation. 

A short-term feed plan which determines how long stock should stay 
on an area, given particular requirements of pasture allowance and 
desired post-grazing pasture mass. May form part of a feed budget. 

Wool as shorn from the sheep and containing the natural impurities 
of wax, suint, and dirt, etc. Changed to 'clean' wool by a scouring 
process. 

Annual crops (usually cereals, grasses or brassicas) grown for animal 
feed. 

Undried and untreated animal skin, pelt or hide. 

To sharpen shearing combs and cutters on a revolving (at high 
speed) abrasive disc. 

The total market value of goods and services produced in a country 
after deducting the cost of goods and services used in the process of 
production, but before deducting allowances for the consumption 
of fixed capital. 

An enterprise budget that considers income in relation to only the 
'direct' or variable costs associated with that enterprise. Used for 
comparing potential returns from similar crop or livestock 
enterprises, and for estimating the effect of small changes in an 
enterprise. 

A saturated zone below the soil surface, in which water is free to 
move under the influence of gravity. 
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Groups of animals 
(common usage) 

Grouping (wool) 

Growing degree-days 

Growth and form 
(GF or GF Plus™) 

Growth-promotants 

Grubber 

Gudgeons 

Guide wire 

Gully erosion 

Gummies 

Gummy 

Gut 

Gypsum 

ha (abbr.) 

Flock: sheep, goats, poultry. 
Herd: milking goats, cattle, horses, pigs, deer. 
Litter: piglets, lambs, puppies. 
Mob: sheep, cattle, goats, horses. 
Pack: dogs. 

Refer to 'interlotting'. 

The number of days when the air temperature is above a threshold 
level (usually 1 0°C). 

A seed/seedling grading system used in New Zealand for Radiata 
pine. GF stands for growth and form, and incorporates wood density. 
The relative 'genetic merit' is denoted numerically (e.g., GF 26) with 
potentially superior stock having the highest number. 

Substances (hormones) given to animals to promote growth and 
muscle development. Often referred to as hormone growth promotants 
(HGP) 

A cultivation implement with stout, curved tines designed to loosen 
soil and lift rhizomatous plant material to the surface. Refer also to 
'cultivator'. 

The parts of a gate hinge assembly that are screwed into, or bolted 
through, the gate post, onto which the hinge straps fit. 

A wire attached to strainer and angle posts (normally close to the 
ground) used to define the line of a fence, and used as a guide when 
driving or digging-in the intermediate 'run' posts. 

Erosion that occurs when surface run-off is concentrated into streams 
of water, resulting in the formation of deep channels and a serious 
loss of soil. 

(i) Old sheep that have lost their teeth or worn them down to stubs. 
(ii) A slang term used to describe gumboots (rubber boots or 
Wellington's) worn by farmers. 

Greasy Merino wool in heavy condition where the grease is very 
sticky. Also used to describe scoured wool that still contains a 
quantity of grease. 

(i) Short and long gut: The two flexible parts of the driveshaft of a 
shearing machine. 

(ii) Gut jill: The contents of the intestinal tract of an animal, which 
in ruminants can be up to 20% of totalliveweight. 

An inorganic fertiliser containing 18% sulphur in a readily available 
form. 

H 

Hectare. 
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Hair 

Halfbred wool 

Halo hair 

Handle (ofwool, etc.) 

Handpiece 

Handy dog 

Hard feed 

Hardwoods 

Harvest index 

Hay 

HB (abbr.) 

HD (abbr.) 

Head bail 

Heading dog 

Heat 

Heavy metals 

Heavy roller 

Hectare (ha) 

Fibre similar in chemical composition to wool, but containing a 
medulla. 

Type of wool grown by either Corriedales, NZ Halfbreds, or similar 
sheep, containing between lf4 - % Merino blood. 

Long, coarse fibres which stand out from the birth coat of some 
lambs, which is generally shed within two months of birth. 

The 'feel' of wool and goat fibre when handled (e.g. soft, harsh, 
springy, etc.). 

The hand-held part of a shearing machine, which has a comb and 
cutter that arranges and cuts the fibres. 

General-purpose dog that will head, hunt, back, and perform all the 
duties required in sheep-yards and woolsheds. 

Solid feed with high dry matter (DM) content, usually grain, meal, 
hay or straw, used to supplement feed that has low DM content. 

Wood derived from trees classified botanically as Angiospermae. 
Species include Acacia, Acer, A/nun, Betula, Casuarina, 
Dipterocarpus, Eucalyptus, Fagus, Fraxinus, Khaya, Metrosideros, 
Nothofagus, Populus, Quercus, Salix, Shorea, Swietenia, Tectona, 
Terminalia, Ulmus, etc. 
Hardwood trees generally have broad leaves and do not usually bear 
cones, hence the terms broad-leaved or non-coniferous are often 
used. The term does not strictly apply to the hardness of the wood, 
but most hardwoods are harder than conifers. 

The economically useful parts of cash crop plants, expressed as a 
proportion of the total above~ground biomass (DM). It is usually 
about 0.5 for cereals. 

Pasture, lucerne, oats, etc., that has been mown, dried and baled to be 
used as 'supplementary feed'. 

Herringbone ( cowshed). 

High density (e.g., HD polythene pipe). 

Refer to 'bail'. 

A dog that (without barking) heads off an individual or group of 
animals, or controls the front of a moving mob or herd. Synonymous 
with 'eye dog'. 

Period when a female animal is 'in oestrus' and is receptive to 
mating, co-inciding with when she is most likely to conceive. Cattle 
are often referred to as 'hulling' when they are 'on heat'. 

Toxic metallic elements, e.g., cadmium, mercury, arsenic, 
chromium, lead, nickel. 

Smooth-surfaced roller, weighing up to 10tonnes or more, filled 
with concrete or water. Used for pushing stones into cultivated soil, 
compacting and levelling the soil surface of paddocks, and 
sometimes for grass-grub control. 

A standard, metric measurement of land area ( 1 ha = 1 0 000m2 = 

2.471 acres). 
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Hedging (financial) 

Heifer (Hfr) 

Herbage allowance 

Herbage mass 

Herbivore 

Herd testing 

Heritability 

Hermaphrodite 

Heterosis 

Heterozygote 

Hfr. (abbr.) 

Hgt. (abbr.) 

Protection against a drop in the price of a commodity during the 
course of its production. In NZ it is typically achieved by a forward 
agreement to sell foreign currency at a predetermined price. 

Term used to describe a young female cattle beast. Normally called 
'heifer calves' from birth through to weaning, and then 'heifers' 
through to first calving (at either 2 or 3 years of age). However, it may 
also be used to describe a female in the year following her first calf 
(e.g., in-milk heifers, first-calving heifers). 

The allocation of herbage to grazing animals in a controlled grazing 
system. Normally expressed on a daily basis as the weight of 
herbage allowed per animal (kg DM/head/day) or per unit of live 
weight (kg DM/LW/day). 

Refer to 'pasture mass'. 

An animal that lives on grass and other living plant material. 

The system used for assessing the production capabilities of dairy cows 
in terms of milk solids. Milk yield (litres ), milk fat and milk proteins 
are measured from periodic sampling of each cow to estimate total 
seasonal production. This is often done four times during a season, but 
a 'production ranking test' (PRT) can be done from only two 
samplings, 90 days apart. 

The strength of inheritance of a particular trait. Denoted by h2. 

Bisexual animal - one that has both male and female organs. 

The difference in performance of a 'cross-bred' animal, from that of 
the average of the two purebred parents (of different breeds). It may 
be positive or negative, but is generally positive, and can be better 
than the best of the parent breeds. Synonymous with 'hybrid vigour'. 

An organism that received different alleles for a specific gene from 
its parents. Refer also to 'cross-breeding'. 

Heifer. 

Hogget. 

Hide The skin off a cattle beast, ready for processing. 

High country Extensively farmed 'run' country, normally at an altitude above I 000 
metres and carrying fine-wool sheep, with wool as the main source of 
revenue. May also run beef cattle or deer. Located mainly in 
Marlborough, Canterbury and Otago. 

High density dump (wool): 

Hill country 

Hind 

Facility for compressing baled wool (double or triple dumping) into 
high density units for shipment in containers. 

Steep to rolling country, often with limited vehicle access, where 
steepness of slope determines the extent to which it can be cultivated 
by wheel or crawler tractor. 

Female Red deer of any age (from a hind fawn to a mature hind). 
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Hogget 

Homestead 

Homozygote 

Horizon (of soil) 

Hormone 

Hot fence 

Hp (abbr.) 

HT (abbr.) 

Humus 

Hungerfine 

Hunt 

Huntaway 

Hybrid 

Hybrid vigour 

Hydraulic saturation 

Hydrological cycle 

I (chem. Sym.) 

IC (abbr.) 

Ill thrift (of stock) 

A young sheep, between a lamb and a 2 tooth, from approximately 10 
to 16 months of age, although the actual age can vary. Technically, a 
hogget changes to a 2 tooth once its first two adult incisor teeth have 
erupted and are 'in wear' at 14-16 months of age. This is the criteria 
used to determine the meat grading classification. Lambs carried 
through for slaughter in mid-winter and early spring are often referred 
to as 'winter hoggets', whereas ewe hoggets for breeding sometimes 
retain this classification/terminology until they are close to the time of 
first mating as 2 tooths. 

The principal house on a farm or station. 

An organism that received the same alleles for a given gene from its 
parents. Refer also to 'inbreeding'. 

A roughly horizontal layer of soil which differs in appearance and 
properties from the soil above and below it, referred to as 'A', 'B' or 
'C'. 

A compound which is produced in very small quantities in one part 
of a plant or animal and which controls processes in another part of 
the same plant or animal. 

An electric fence or a traditional fence that has been electrified. 

Horsepower. 

High tensile (wire or steel). 

A very stable form of organic matter which remains when most of 
the plant and animal residues in the soil have been decomposed by 
micro-organisms. 

Describes wool that, as a result of poor nutrition, starvation, stress or 
illness, is finer than that which would normally be grown. 

Ability of a dog to drive or hunt stock away from the handler. 

A special type of NZ sheep dog used for mustering. A driving and 
backing dog that barks on command. 

Refer to 'cross-bred'. 

Refer to 'heterosis'. 

Soil saturated with water at zero or very low tensions. 

The way in which water is repeatedly recycled through soils, plants 
and the atmosphere. 

Iodine. 

In-calf. 

I 

A condition in which animals fail to thrive, in spite of apparently 
adequate supplies of food. 
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Inbred, Inbreeding 

Inbreeding co-efficient 

Inbreeding depression 

Immobilisation 

Immune system 

Impedance 

Impeded system 

Impervious 

Indeterminate 

Index 

Indirect taxes 

Describes the process of continuous, successive matings of close 
relatives, which results in an increase of 'homozygosity'. Converse 
of 'cross-breeding'. 

The rate at which heterozygosity is reduced (or homozygosity is 
increased) per generation of a population. 
The lowered performance that arises through increased inbreeding. 

A process by which available plant nutrients are converted into 
unavailable organic forms by soil organisms. The reverse of 
mineralisation. 

A body's means of protection from infection. 

Combination of resistance, inductance, frequency, and capacitance 
(sometimes called A.C. resistance). 

Soil conditions which slow the free movement of water through the 
soil under the influence of gravity. 

Resistant to penetration by water or roots. 

Annual crops which flower and mature over a period of time, rather 
than in a 'co-ordinated' condensed timeframe. 

A computed assessment or estimate of an animal's genetic value 
(merit) based on a number of different traits, usually with economic 
weightings. See also 'breeding worth' and 'production worth'. 

Taxes not based on income, such as road-user charges, licence fees, 
rates and GST. 

Induction (electrical) Power transfer without contact, e.g., charging of 'unconnected' or 
neutral fence wires that run parallel to live ones. 

Induction (of dairy cows): 

Infiltration 

Inflammation 

Inflation 

Inorganic 

Insolvency 

"Insultimber" 

Intensive systems 

The act of causing a cow to calve prior to the end of a normal 
gestation, to promote earlier milk production than would otherwise 
have been the case if the calf had been left to go 'full term'. 

The entry of water into the surface of a soil. 

The reaction of living tissue to injury or infection, resulting in pain 
or swelling. 

An increase in the supply of money in relation to the goods and 
services available, and as a consequence, a decline in the value of 
money. 

Mineral substances that contain carbon only in the form of 
carbonates. 

The state of having insufficient liquid assets to pay all current 
liabilities. 

'Hardwood' that does not conduct electricity and therefore acts as an 
insulator. Sometimes used in permanent electric fences instead of 
posts with conventional insulators. 

Farming systems in which cropping is frequent and inputs and yields 
are high, or where stock production and numbers are high per unit area. 
Converse of' extensive systems'. 
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Interbred Describes animals that are the result of mating progeny of successive 
generations together, starting with Fl male and females, then F2, F3, 
etc. It is a means of ultimately establishing a 'new' breed, once 
'stabilised'. Refer also to 'synthetic breed'. 

Interlotting (wool) A term used to describe the Wool broker's amalgamation of wool of 
a matching type, from a number of growers (often combining small 
numbers of bales), to make a saleable line. Also referred to as 
'grouping'. 

Internal rate ofretum The 'average' rate of return on an investment over time. This is 
determined as the discount rate at which the present value of total 
income equals the present value of total expenditure (capital and 
annual costs) on the investment project. It is therefore the discount 
rate at which the Net Present Value (NPV) is zero. 

Intrazonal soils Soils influenced during their formation by local conditions, such as 
parent material or temporary or permanent saturation. 

Investment appraisal An evaluation of the profitability of an investment. 

Ions Electrically charged particles formed when certain substances 
dissolve in water; those carrying negative charges are anions and 
those with positive charges are cations. 

IRD (abbr.) Inland Revenue Department 

Iron ochre (or sludge) A rust-coloured deposit which sometimes forms near the outlet of 
drainage systems or within subsurface drains. 

Iron pan A narrow layer within a soil profile in which the individual particles 
are cemented together by iron oxides, resulting in impeded natural 
drainage and plant root growth. 

Irradiance The actual amount of light that the leaves of a crop are receiving. 
This is a function of leaf angle and radiant flux density. 

Irrigation scheduling Calculations of the amount and frequency of irrigation water 
required for the maximum water-use efficiency and profit. 

J (abbr.) 

Jenny 

Jetter 

Joining 

Joule (J) 

J 

Joule. 

Device for unrolling rolls of wire along a fence-line. Also referred to 
as a spinning jenny or a wire spinner. 

(i) Part of the milking equipment that holds the teat cups and 
connects the air line to the milk line for flt;shing (washing). 

(ii) Sprayer device used for the application of chemicals to prevent 
fly-strike in sheep. Also known as a 'tip sprayer'. 

The term used to describe putting breeding males and females 
together prior to mating. 

Unit of energy. 
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K (abbr.) 

Karotyping 

Kelpie 

Kemp 

kg (abbr.) 

Kid 

Kidding 

Killers 

Killing-out percentage 

kJ (abbr.) 

km (abbr.) 

kPa(abbr.) 

kW (abbr.) 

kWh (abbr.) 

Labile nutrients 

Labour profile 

K 

Potassium (potash). 

The examination of chromosomes. 

Australian sheep and cattle dog. 

Short, white, brittle, medullated fibres sometimes present in wool 
and mohair, etc., which are shed periodically. Though generally 
confined to the head and legs, these fibres occur in the fleeces of 
specialty carpet breeds, and in some crossbred and down-type sheep, 
particularly Cheviots, and some fibre-producing goats. Apart from 
detracting from the 'handle' of the fleece, kemp fibres present a 
problem for processors as they will not 'take' (absorb) dye. 

Kilogram. 

Young male or female goat. 

Goat parturition (the birth process of kids). 

Animals (normally sheep) to be killed for consumption by the 
household or dogs. 

The carcass weight as a percentage of the pre-slaughter liveweight. 
Normally accepted as the 'hot carcass weight' relative to the 
liveweight immediately before slaughter (after 'standing' at the 
slaughter plant to empty-out), or liveweight 'off pasture' with an 
adjustment for gut-fill. Also referred to as the 'dressing-out 
percentage'. 

Kilojoule 

Kilometre 

Kilo pascal 

Kilowatt 

Kilowatt hour 

L 

Forms of plant nutrients in the soil that are able to replenish the soil 
solution rapidly enough to maintain plant growth. 

Graph or histogram showing the calculated standard man-hours 
required by a business, over time. 
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Lamb 

Lambing percentage 

A young sheep from birth up until it is classified as a hogget, at 
approximately 12 months of age, although there is no specific age or 
time for this change. There is no clear age definition between lambs 
and hoggets in meat 'schedules', but it is generally recognised that 
'lamb' carcasses are from sheep under 12 months of age, although 
they may be graded as lamb up until 30 September of the year 
following that in which it was born. 

Measures of the number of lambs produced from the ewes in a flock 
in any one year. It can be expressed in many different ways, but the 
'survival to sale or flock' (sts) criteria is the most realistic indication 
of lamb production. This takes account of lamb deaths that occur 
between tailing/docking (when the first 'tally' of lambs can be 
compiled) and either the sale (prime or store) or selection/retention 
oflambs as 'replacements' for the breeding flock. The total oflambs 
sold and retained is then expressed as a percentage of the ewes 
mated, without any adjustment for ewe deaths or ewes 'scanned' dry 
or late and sold before lambing starts. 

Variations to the percentage include calculations using totals of 
lambs born (if tallied at birth), lambs tailed or docked, and lambs 
weaned, relative to ewes mated, ewes scanned in-lamb, ewes tallied 
at tailing/docking, etc. Not accounting for any deaths (ewes or 
lambs), or ewes culled as 'empty' or 'late !ambers', reduces the 
accuracy and validity of the lambing percentage. 

Lambs wool Wool shorn from lambs. 

Land classification/Land use capability (LUC): 

Lanolin 

Late shorn (wool) 

Lax grazing 

LD (abbr.) 

Leaching 

Leaf area duration 

The grouping of land into various categories, based on properties 
associated with its suitability for particular purposes, such as: 

NZMWBEC: NZ Meat and Wool Boards' Economic Service defines 
eight types or classes of sheep and beef farms. 

NZLRI: The NZ Land Resource Inventory, which incorporated soil 
and topographical information. 

LUC: A series of maps produced by the NZ Ministry of Works and 
Development (in the 1970s) covering land use capabilities. 

Extract from wool grease with a wax-like consistency used as the 
base for the manufacture of ointments, cosmetics and soaps, and for 
the synthesis of some hormones. 

(i) Wool shorn more than 12 months after the previous shearing. 
Refer also to 'Double fleece'. 

(ii) Relates to wool shorn at the end of the 'nmmal' season. 

Non-intensive grazing, where there is more feed available than the 
grazing animals' immediate requirement (possibly using a 'long 
rotation') which avoids 'hard' grazing, and at times allows plants 
(especially annuals) to reseed. 

Low density. 

The removal of nutrients and other soluble substances from the 
upper layers of soil by the downward flow of water. 

The integral of leaf area index over time. 
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Leaf area index 

Leakage (of current) 

Lease 

Levee 

Legal description 

Lesion 

Lessee 

Lessor 

Leverage 

Ley 

LH (abbr.) 

Liability 

LIC (abbr.) 

Lick 

Light land 

Ligule 

Lime 

Limestone 

Liming 

Line (of wool) 

The area of leaf over a corresponding area of land. 

Conductance from the electric fence wires to ground, caused by 
'shorts' through poor insulators and vegetative growth touching the 
wires. 

Agreement through which property (usually land or livestock) 
belonging to one person (lessor) is used by another (lessee), usually 
for a fixed period of time and for an agreed rental. 

The longitudinal ridges formed to keep irrigation water within the 
borders of a border dyke, flood irrigation system. 

The unique 'identifier' given to a specific area of land covered by a 
'Certificate of Title'. Comprises a Section number (or Lot number in 
the case of a 'Deposited Plan'), a 'Block' number, 'Survey District' 
and 'Land District' reference, e.g., Rural Section 5959, Block IV, 
Ashley Survey District in the Canterbury Land District. 

A wound, sore or damaged area. 

The person who leases a property or livestock, utilises the assets and 
pays rent to the owner of the property. 

The owner of a leased property or livestock. 

Using borrowed capital to supplement and extend the use of equity 
capital in an investment. 

An 'old fashioned' term used to describe land temporarily sown to 
grass. 

Leasehold. 

(i) Money owed (debt), or property on which there is a debt owing. 

(ii) A future commitment to spend money (e.g., a 'contingent 
liability' to replace an item of machinery or renovate a building). 

Livestock Improvement Corporation. 

A lick is a block of material containing minerals or dietary 
supplement that is placed in the paddock for the animals to lick. It 
may be in the form of a drum with a rotating ball that the animals 
lick. 

Land with shallow or free draining soils (low water-holding 
capacity), usually stony and/or regarded as being of lower quality. 

A thin membrane at the junction of a leaf blade and sheath of 
grasses. 

Calcium carbonate, used to increase the alkalinity (pH level) of soils. 

Rock consisting predominantly of calcium carbonate. 

(i) The act of applying lime to land to raise the pH of the soil. 

(ii) Chemical method of de-woolling sheep skins, using sodium 
sulphide and slaked lime to free the wool fibres from the follicles in 
the skin, prior to 'wool pullers' removing the wool. 

Normally four or more bales of wool (except for some fine wool 
lines) of a similar type. Refer also to 'lot'. 
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Linear programming 

Linkage 

LIP (abbr.) 

A mathematical, computer-based farm planning technique that can 
be used to determine the combination of activities which maximizes 
total gross margin, or minimizes costs. 

An association between genes so that they appear to be inherited 
together. 

Lease in perpetuity. Historically, these were 'Crown' leases with 
terms of 999 years. 

Liquid scintillation spectroscopy (LSS): 

Litter 

Liver fluke 

Liveweight (L W) 

Loam 

Locks or lox 

Locus 

Log stain 

Lolitrem B 

Longevity 

Lot 

Lot building (wool) 

Lox (wool) 

Lucerne 

Lustre 

LW (abbr.) 

LWG (abbr.) 

Technique used to measure the average fibre diameter, and the extent 
of yellowness ofwool, on the basis of radioisotope absorption. 

All the young pigs, dogs, cats, etc., produced at one birth. 

An internal parasite of sheep (the adult of which lives in the liver), 
requiring a secondary host (a snail) for its larvae to complete the life
cycle. 

The total mass of an animal, including gut-fill, fleece and contents of 
the uterus, measured in kg. 

A soil textural class indicating the presence of sand, silt and clay-
sized particles, without those of one size dominating. 

Short wool (often 'second cuts') which has either fallen through the 
wool table or been swept from the shearing board. 

The point that a gene occupies on a chromosome. The plural is loci. 

Discoloration of wool with charcoal from bush-burn. Also called 
bush or charcoal stain. 

A toxic alkaloid produced by endophyte-infected ryegrass, which 
causes 'ryegrass staggers' in livestock. 

Life span or length of life. 

(i) Wool: A 'line' of wool (normally four or more bales of a 
specific type) offered for sale. 

(ii) Land: The number ascribed to a surveyed section of land, being 
part of a 'Deposited Plan' (e.g., Lot 2, DP 4619), which forms part 
of the land's 'legal description'. 

Refer to 'interlotting'. Synonymous with 'grouping'. 

Refer to 'locks'. 

Legume with deep tap-root, used especially as summer forage in dry 
locations and for conserving as supplementary feed. 

Sheen characteristics of some coarser types of wool, such as that 
produced by the Lincoln and Leicester breeds. 

Liveweight. 

Liveweight gain. 
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m (abbr.) 

MA (abbr.) 

Machine dressed (MD) 

Macronutrient 

MAD (abbr.) 

MID (abbr.) 

Magnesium oxide 

Magnesium sulphate 

Maiden ewe/heifer 

M 

Metre or metres. 

'Mixed age', relating to the age oflivestock. 

Seed which has been 'machine dressed'. 

An element essential for plant growth and required in relatively large 
amounts; concentrations are normally measured as percentages of 
the dry weight of the plant material. 

Management allowable deficit of soil water (see full definition, 
below). 

The metabolisable energy content of pasture or other feeds, 
expressed as MJME/kg DM. Refer also to 'metabolisable energy'. 

An inorganic fertiliser containing 50-55% magnesium in a readily 
available form. Also known as 'calcined magnesite' or 'Causmag'. 

An inorganic fertiliser containing 10% magnesium in a readily 
available form. 

A female intended for breeding that has not reproduced, often 
because she has not been mated. 

Maintenance fertilisers Fertiliser applied to replace nutrients removed from a soil either in 
produce or waste materials, or by processes within the soil (leaching 
or fixation), so as to maintain the soil's nutrient status. 

Maintenance requirement: 
Metabolisable energy requirement to sustain the vital body processes 
of animals and the integrity of living cells, with the animals neither 
gaining or losing weight, and not pregnant or lactating. Distinct from 
the extra (feed) energy required specifically for 'production' such as 
meat, wool and milk. 

Male deer Buck: Adult male Fallow deer. 
Buii: Adult male Elk and Wapiti. 
Stag: Adult male Red deer. 
Spiker: Juvenile male with (normally) only two spikes, rather than a 
set of antlers. 

Management allowable deficit of soil water (MAD): 

Mane 

Manganese sulphate 

Marbling 

Mare 

Marginal 

The soil water deficit above which plant growth will be decreased; 
the maximum soil water deficit which will be tolerated before 
irrigation water should be applied. 

Increased growth of hair on the enlarged neck of male deer, prior to 
and during the rut (mating season). 

A trace element fertiliser additive containing 24% manganese. 

The layering of fat between muscle fibres. 

Mature female horse or pony. 

Economists' word for 'extra' or 'added'. The principle of 
marginality emphasizes the importance of evaluating changes for 
extra effects, not the average level of performance. 
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Marginal cost The extra cost incurred in growing or selling an additional unit of 
product. 

Marginal product The change in output arising from using an extra unit of an input. 

Marginal revenue The extra net income obtained from growing or selling one 
additional unit of product. 

Marginal value product The value of an extra unit of output; the marginal physical product of 
a unit of output, times the price per unit of the product. 

Marketing margins The additional return (price) gained on the sale of product (relative 
to the purchase price) that is attributable to marketing activities, as 
distinct from 'added value', e.g., differences between 'farm-gate' 
prices and prices of products further up the marketing chain. 

Mastitis An inflammation of the mammary gland tissue, usually as a result of 
bacterial infection. 

Maul A large wooden mallet for driving pointed posts. 

Maximum available water-holding capacity (MAX): 
The total amount of plant-available water that can be held in the root 
zone of the soil. 

ME (abbr.) Metabolisable energy. 

Mean (an average) 

Medium wool 

Medulla 

Medullated Fibre 

Meiosis 

Merchandise trade 

Merino wool 

Meristem 

Metabolic activity 

Metabolisable energy 

Calculated by dividing the total by the number of observations I 
occurrences. 

Describes the mid-range of a specific type of wool, but is more often 
implicitly applied with respect to fibre diameter (in the 25-30,u 
range). Also referred to as 'mid-micron' and is predominantly 
Corriedale and Halfured wool. 

Core oflarge, fragile, air-filled cells, which occur in the centre of 
hair fibres. Fibres containing a medulla are called medullated and 
have a different appearance to unmedullated fibres. In kemp, the 
medulla forms the greatest portion of the fibre, and is surrounded by 
a comparatively thin layer of cortex. 
A fibre with an inner core of air cells, which make it stiffer and more 
resistant to compression. Wool containing medullated fibres may be 
referred to as 'hairy'. 

Cell division in the reproductive (germ) cells in which the 
chromosomes are reduced from the double (diploid) state to the half 
(haploid) state. 

All goods which add to, or subtract from, the stock of material 
resources in a country, as a result of their movement in or out of it. 

Type of (fine) wool grown by sheep with more than three-quarters 
Merino blood. 
A part of a plant in which cell division is concentrated (especially 
the shoot tips, lateral buds and a zone near the tips of roots and 
rootlets). 

Chemical and physical changes taking place in living organisms. 

The energy available for use by animals from forage. ME is 
normally expressed as MJ (mega joules). Animal requirements are 
expressed as MJME/day and the 'feed value' of forage is expressed 
as MJME/kg DM. 
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Metritis 

MF (abbr.) 

Mg (chem. sym.) 

Micron 

Micronutrient 

Milkfat 

Milk meter 

Milk protein 

Milk solids 

Milksolids (MS) 

Inflammation of the womb. 

Milkfat. 

Magnesium. 

Unit of measurement (1 micron= I millionth of a metre). Used for 
measuring the diameter of wool and goat fibre. Abbreviated to Jl. 

An element essential for plant or animal metabolism and growth, but 
required in very small amounts, normally measured in 'parts per 
million' (ppm). 

The total fat content ofthe milk. Synonymous with 'butterfat'. 

A device between the cluster and the milk line for measuring a cow's 
milk yield and taking a sample for analysis, as part of the 'herd 
testing' process. 

The protein content of milk (albumin, globulin, and casein). 

Milk solids (two words) is the total weight of all the solid 
components of milk (milkfat, protein, lactose and minerals). 

Milksolids (one word) are the valued solid components in milk - at 
present, milkfat and protein. Expressed as kg MS. Milksolids is 
calculated by adding together the milkfat and protein that is 
produced by a cow. 

Mineral nitrogen (in soil): 

Mineral soil 

Mineralisation 

Mitosis 

Mixed age 

Mixed cropping 

Mixed grazing 

Mixed sex (ms) 

MJ (abbr.) 

MJME (abbr.) 

ml (abbr.) 

mm (abbr.) 

Mo ( chem. sym.) 

Mob stocking 

Soluble N compounds in the nitrate, nitrite or ammonium forms. 

Soil consisting mainly of mineral materials, and containing less than 
20% organic matter. 

The process in which plant nutrients are converted from organic to 
inorganic forms by soil organisms. 

Cell division of body cells, where each new daughter cell receives 
the normal diploid (double) set of chromosomes. 

Term used to describe livestock of mixed ages, but usually older than 
two years or after they have reproduced for the first time. 

The growing of more than one type of crop on a property at the same 
time. The cropping may also be described as 'mixed' with some 
livestock. 

More than one type of animal grazing the same area at the same time. 

Group of animals (usually at sales) made up of both males and 
females. Most often refers to lines of 'store' lambs. 

Megajoule. 

Megajoules ofmetabolisable energy. 

Millilitre. 

Millimetre. 

Molybdenum. 

An intensive form of 'rotational grazing', where large numbers of 
animals intensively graze a given area (e.g., 1000 eweslha/day) for a 
relatively short period. 
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MOET (abbr.) 

Mohair 

Moisture content 

Moit 

Mole drainage 

Molybdenosis 

Mono bred 

Monoecious 

Monogastric 

Monozygous 

Mortgage 

Mortgagee 

Mortgagor 

Mother hair 

Mothering-on 

Mothering up 

Mottling 

Mouldboard plough 

ms (abbr.) 

Mulch 

Mulesing 

Muster 

Mutation 

Multiple ovulation and embryo transfer. A process to maximise the 
number of progeny from parents with high genetic merit, within a 
given time-frame. It involves hormonally stimulating 'donor' 
females to ovulate as many eggs as possible before mating, then 
'flushing' the embryos and either implanting them 'fresh' in 
'recipient' females (for the remainder of gestation), or freezing them 
for 'storage' and later implantation. 

Relatively long, lustrous fibre (between 19-45 microns) produced by 
Angora goats. It can be dyed to more vibrant colours and has a very 
'soft handle' (smooth and silky), compared to wool. 

The measured moisture content of grain, seeds, wood, etc., expressed 
as a percentage of total weight. 

Light vegetable matter contamination in wool. 

The creation of drainage tunnels in a heavy soil by pulling a torpedo
shaped metal plug through the soil. 

Copper deficiency in animals caused by excess molybdenum rather 
than low concentrations of copper in feed. 

Synonymous with 'purebred' and 'straightbred'. 

Plants that have separate male and female flowers on the same plant. 

Having only one stomach, e.g., pigs and poultry. 

Originating from one egg, i.e., identical twins. 

A documented agreement (contract) for the lending/borrowing of 
capital, where security for the loan is provided by land, buildings, 
stock or plant, owned by the borrower. 

The lender of money, secured by a mortgage. 

The borrower of money where the loan is covered by a mortgage. 

Synonymous with 'halo hair'. 

Synonymous with 'fostering'. 

The process of re-uniting lambs and calves, etc., with their mothers 
after they have been separated, e.g., after shearing, Tb testing, etc. 

Spots or patches of colours that contrast with the main colour of leaf 
tissue or the soil. 

A cultivation implement that cuts the soil into strips called furrows, 
then inverts these, burying any plant material and seeds, etc. 

Mixed sex. 

Any material, which i~ applied to the surface of the soil to protect it 
from the weather, minimise loss of water by evaporation or to 
suppress weeds. 

Cutting off the wrinkly, loose skin around the tail of merino lambs 
(with hand shears) to create an area of 'hairless' skin and so reduce the 
risk of fly-strike. 

To gather or collect animals together. A clean muster means that no 
'stragglers' have been left behind. A 'straggle muster' is to collect 
animals missed by the first muster. 

A change in the genetic material (germ plasm) of the organism. 
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MWI (abbr.) 

Mycotic dermatitis 

Mycotoxin 

Meat and Wool Innovations. 

Fungal infection on a sheep's skin, resulting in patches of wool being 
matted into hard lumps with secretions from the skin. 

Toxic chemicals produced by fungi. 

N 

N (chem. sym.) Nitrogen. 

Na (chem. sym.) Sodium. 

Natural selection Breeding (selection), which has not been influenced by man. 

Neck wool Matted collar of wool from around the neck of a sheep. 

Net cash flow The differences between revenue and expenditure of an enterprise 
over consecutive time periods. 

Net farm income (NFI) Gross farm income (GFI) less operating expenses (including debt 
servicing). 

Net present value (NPV) The sum of the 'present values' of all future cash flows (revenue and 
expenditure) associated with an investment project. Calculating the 
present values involves 'discounting' the future values using a 
defined discount (or interest) rate. If the NPV is positive, it means 
the investment is earning at a higher rate than the discount rate used 
in the present value calculations. 

Net worth The value of total assets less total liabilities. 

Neutron probe 

New grass 

New wool 

Night pen 

Nitrate nitrogen 

Nitrogen assimilation 

Nitrogen fixation 

Node 

Nominal dollar value 

Nominal interest rate 

Non return rate (NRR) 

A device for measuring the volumetric water content in an 
undisturbed soil in the field. 

Recently sown pasture usually containing grasses and legume. 

Wool used in the manufacture of fabrics for the first time. 
Sometimes used in place of the term 'virgin wool'. 

The areas (pens) in a woolshed used to hold dry sheep overnight, 
prior to shearing or cmtching. This excludes the 'catching pens'. 

An inorganic, soluble form of nitrogen. 

The incorporation of nitrogen into organic materials by living 
organisms. 

The conversion of atmospheric nitrogen by Rhizobium bacteria into 
forms that can be used by plants. 

A point on a stem from which new leaves, stems and/or flowers are 
produced. 

The stated value of a dollar at a particular point in time. This will 
change over time due to inflation. Refer also to 'real dollar value'. 

The stated interest rate, including a component for expected 
inflation. Refer also to 'real interest rate'. 

See page A-18 for a full definition. 
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Normal distribution 

NPKratio 

Nucleus 

The bell-shaped (curve) or Gaussian distribution that describes the 
variation in the traits in many populations. 

The relative percentage of any nitrogen, phosphorus, and potassium 
in a fertiliser. 

The central part of the cell in which the genetic material 
(chromosomes and genes) is found. The plural is nuclei. 

Nurse cow Cow used to raise calves (other than her own) by suckling. 

Nutrient budgets (or balances): 
Estimates of the amounts of nutrient inputs (e.g., fertiliser, 
atmospheric dust and rain, biological N fixation, etc.), and outputs 
(e.g., animal products and transfers, gaseous losses, leaching, etc.) in 
nutrient cycles that take place on farms. 

Nutrient cycling The process by which nutrients move from the soil to plants (and 
possibly animals) and back to the soil again, where they can be 
reused for further plant growth. 

0 (chem. sym.) 

Objective trait 

Oddments (wool) 

Oestrogenic content 

Oestrus 

Oestrus cycles 

Off-shears 

Old grass 

Oligopoly 

Olsen phosphate test 

OM (abbr.) 

On-the-drop 

0 

Oxygen. 

One that can be defined and measured in a precise way. 

Parts ofthe fleece, other than body wool, which are sold separately, 
e.g., belly, neck, pieces, locks, and crutchings. 

The level of oestrogen in a plant, which if high enough, can have a 
detrimental effect on fecundity and fertility in breeding females 
ingesting that forage, e.g., as in some clovers and lucerne. 

The regularly occurring period of sexual receptivity ('heat') in most 
female mammals during which ovulation occurs and mating can take 
place. 

The hormonally controlled cycle of activity of the reproductive 
organs in many female mammals. 

A 'sale' term for newly-shorn sheep. 

Pasture that has reached the end of its useful life and should be 
renewed ('regrassed'). May also be referred to as 'run-out' pasture. 

A market situation where a small group of producers or suppliers has 
strict control over the supply of a product or service, and thereby its 
price. 

A soil test for estimating the ability of a soil to provide plants with 
the nutrient phosphorus. 

Organic matter. 

About to give birth. 

N -46 



One-year ewe 

Open face 

Open fleece 

Operating profit 

Opportunity cost 

Oral dosing 

Organic soil 

Outcrossing 

Outrigger 

Ovary 

Over -drilling 

Overgrown (wool) 

Overhead costs 

Over-liming 

Oversow 

Overstocking 

Ovulation rate 

Ovulation 

Ovum 

A productive, aged ewe (normally older than 5 years) that is 
expected to produce (lamb/s and wool) for one year and then be 
slaughtered. Refer also to 'annual draft'. 

A term used to describe a sheep's face that has little or no wool 
growing on it, therefore reducing or negating the risk of the sheep 
becoming 'wool blind'. 

A fleece in which the wool fibres are not densely packed together, 
and which opens easily when handled. 

Gross income less variable and overhead costs. 

The value of the best alternative opportunity that has to be foregone, 
as a result of undertaking a particular course of action. I.e., what is 
given up by choosing one alternative rather than another. 

Administering drench, etc., via the mouth. 

A soil that contains more than 20% organic matter. 

Crossing strains within a breed. 

The insulated support mechanism for carrying an electrified wire 
positioned approx. 200-500mm out from the wires of a conventional 
fence. Such 'electrification' is designed to make the fence more 
'stock proof and also to discourage animals from damaging the 
fence. 

The sex gland of a female (normally two in each) that produces eggs. 
The process of releasing the eggs is called ovulation. More than one 
egg can ovulate from an ovary (at a given time) and ovulation can 
occur in both ovaries simultaneously. 

The sowing of seeds into existing vegetation (normally with a 
'direct-drill'). 

Fleece wool that is more than 12 months wool growth. It may be 
referred to as 'double fleece' if very long. 

Costs which do not vary greatly as the level of production or mixture 
of activities change. Often referred to as 'overheads' or 'fixed costs', 
they include such items as rates, rent, etc. 

Applying lime to soil in excess of the amount required to achieve the 
optimum pH for growth of a given plant species. 

The action of broadcasting seed to establish new plants, often done 
from an aeroplane, helicopter or truck. 

The grazing of livestock at an excessively high rate per unit area, 
which will result in damage to herbage or lowered stock production 
returns. 

The number of eggs shed from the ovaries at ovulation, identified 
from the number of corpora lutea on the ovaries. Normally bears a 
close relationship to the number of offspring subsequently born. 

The process of releasing an egg from an ovary into the fallopian 
tube. 

Refers to an unfertilised egg, or a fertilised egg up to 11 days after 
fertilisation. It is a cell mass that has no organs, major tissues or 
systems developed. 
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Ovum transfer 

Oxidation pond 

P (chem. sym.) 

PA (abbr.) 

Palmation 

Parameter 

Parent material 

Refer to 'MOET'. 

An open pond system for the oxidation of dairy shed or pig effluent. 

Phosphorus 

Pascal 

p 

The distinctive flattening of the top of a mature Fallow buck's 
antlers. 'Points' or 'spikes' protrude from the edges of the 'palms'. 

A statistical term for a measure or estimate. 

The material from which a soil is formed. 

Partial budget A budget drawn up to estimate the effect on whole farm operating 
profit of a proposed change affecting only part of the farm. 

Partially acidulated phosphate rocks (P APR): 
Inorganic fertilisers, which contain phosphorus (P) in both readily 
soluble and slow-release forms, totalling about 15% P. 

Pasture allowance The amount of pasture allocated to grazing livestock. Calculated by 
dividing the pre-grazing pasture mass by the number of animals per 
unit area per day, expressed as kg DM/head/d or kg DM!kg LW/d. 

Pasture conservation ·The harvesting of pasture for hay, haylage, balage or silage, to be 
utilised at a later date as supplementary feed. 

Pasture cover The average pasture mass on an area of land at any time, expressed 
as total kg DM, or more often as kg DM!ha. 

Pasture development The establishment of improved pasture species (e.g., ryegrass and 
white clover) on undeveloped land, or on previously developed 
pastures which have reverted to 'native' or low-fertility species. 

Pasture mass The amount of pasture (plant material above ground) per unit area, 
expressed as kg DM!ha, or kg 'green' DM/ha when the dead material 
in the pasture is excluded. Measured before grazing it is referred to 
as 'pre-grazing pasture mass', and after, as 'post-grazing pasture 
mass' or 'residual DM', a measure of the intensity of grazing. 
Synonymous with 'herbage mass'. 

Pasture production The amount of pasture grown, expressed as a rate of accumulation 
(kg DM/hald) or a total per unit area (kg DM/ha) over a period 
(season or year). 

Pasture utilisation The pasture utilised as a percentage of the total pasture grown, 
during a specific time period. 

PAW (abbr.) Plant-available water. 

Peat Soil formed by the accumulation ofundecomposed or partially 
decomposed plant residues. 

Pelt Sheep skin with only a very short growth of wool, or a skin ready for 
processing after the wool has been removed by the fellmonger. 
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Performance test 

Peramine 

Perinatal mortality 

A method of evaluating an animal, based on its own performance. 

An alkaloid produced by endophyte-infected ryegrass, which gives 
the plant protection (resistance) from Argentine stem weevil and 
other insect pests. 

Death of a newborn occurring at birth, or immediately before or after 
birth. 

Permanent pasture An established plant community in which the dominant species are 
perennial grasses and clovers. 

Permanent wilting point The water content of a soil at which plants wilt and do not recover. 

Permeability of soil 

Petiole 

pH of soil 

pH scale 

Phenological 

Phenotype 

Phosphate retention 

Photosynthesis 

Photothermal time 

Physiological age 

Phytochrome 

Phyto-oestrogens 

Pieces (wool) 

Pizzle stain (wool) 

Pizzle 

The ease with which water, gases or roots can pass through soil. 

The stalk that attaches a leaf to the plant. 

A measure of the acidity or alkalinity of a soil. 

A numerical scale for measuring acidity and alkalinity, ranging from 
0 (very acid) to 14 (very alkaline), with the mid-point of 7 indicating 
neutrality. 

Relating to recurring phenomena influenced by climatic conditions 
and variations, e.g., migrations of animals and birds. 

The outward expression (physical appearance and performance) of 
an animal, determined by its genetic make-up (genotype) and 
environmental effects. Phenotype can be influenced by nutrition and 
management. Refer also to 'genotype'. 

A measure of a soil's capacity to absorb phosphate anions; also 
known as anion retention capacity. 

The process by which green plants use light energy to combine 
carbon dioxide and water to produce carbohydrates. 

A method of accumulating daily temperatures and photoperiod to 
help predict phenological development in plants. 

An estimate of the stage of development of a plant, e.g., bud 
formation, tillering or flowering, rather than the age of the plant in 
days or months. 

A pigment found in the cytoplasm of plants, that is a photoreceptor 
involved in the 'timing' of a number of processes, such as flowering, 
dormancy, leaf formation and seed germination. 

A group of compounds found in some plants which, when eaten by 
livestock, are converted to oestrogenic compounds that can cause 
fertility problems (male and female), growth of the uterus, and teat 
elongation in wethers. 

Wool from around the legs and crutch which, if still attached to the 
fleece, is removed when it is 'skirted' after shearing. The longer 
pieces are termed first pieces while the shorter pieces are termed 
second pieces. 

Unscourable urine staining in wool from wether and ram bellies, and 
ewe crutchings. 

(i) The penis and surrounding sheath of a ram or wether. Pizzle rot is 
an infection of the sheath. 
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Placenta 

Plain (wool) 

(ii) The penis of a stag which is removed at slaughter, dried and 
processed, and used in traditional oriental medicine. 

The vascular organ found in the uterus during pregnancy which is 
the interface between the dam and the foetus, providing a conduit for 
oxygen and nutrients, and the removal of wastes. 

Straight-fibred wool, lacking crimp. 

Plant deficiency signs Abnormal colours, spots or stripes on plant leaves or abnormal 
growth of tissues, characteristic of inadequate concentration of 
specific nutrients within the plant. 

Plant-available water (PAW): 

Plate cooler 

Plough-pan 

Poaching (of soils) 

Podocarp 

Podzols 

Poll 

Polled 

Polyploidy 

Population density 

Population( 

Porker 

Porosity 

Porthole 

Post driver 
Posthole borer 

Post-partum anoestrus 

Posts 

Potassium chloride 

The actual amount of plant-available water in the root zone of a 
soil. 

Used to cool milk by running it between plates through which cold 
water circulates. 

A soil layer with poor permeability formed just below the depth of 
regular cultivation. 

Refer to 'pugging'. 

New Zealand native conifer trees. 

Strongly leached acid soils with a clearly defined bleached horizon. 

The area on top of a sheep's head, between and forward of the ears. 

Naturally having no horns. 

Having more than twice the normal number of chromosomes. 

The number of plants per unit area of ground, e.g., 200 plants/m2. 

A group of individual animals. 

A pig slaughtered at 27.5- 50 kg carcass weight for 'fresh' pork, as 
distinct from bacon and ham (from a 'baconer'). 

(i) The volume of pore spaces, as a percentage of the total volume of 
soil. 

(ii) Proportion (%) of light able to pass through a shelterbelt. 

Opening or doorway by which sheep leave the shearing board. 

Mechanised tool for driving posts into undisturbed ground. 
Machine (auger) used to bore a hole in the ground into which a post 
is inserted, together with soil, which is 'rammed' firm to secure. 

The number of days from parturition (birthing) to first detected 
oestrus in females. 

Strainer posts: Main support posts at either end of the fence and at 
gateways, from which the wires are strained. 
Intermediate or 'run' posts: The posts between the strainers and 
angle posts. 
Angle posts: Posts placed where a fence changes direction, stayed or 
tied back to provide the necessary support against the strain of the 
wires. 

An inorganic fertiliser containing 50% potassium (K), in a readily 
available form. 
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Potassium sulphate An inorganic fertiliser containing 42% K and 18% sulphur (S), in 
readily available forms. 

Power harrow A tractor mounted, PTO driven cultivation implement, that has sets 
of harrow tines on horizontal, powered frames which rotate back and 
forth to create a seedbed. 

Power take off (PTO) A drive-shaft protruding from the rear transmission of a tractor, used 
to power implements such as a power harrow, rotary hoe, mower, 
etc. 

Precision drill Seed drill designed to sow individual seeds at very accurate, pre
determined spacings. Also known as a precision seeder. 

Pregnancy diagnosis (PD): 
Diagnosis of pregnancy by 'scanning', manual palpation. etc. 

Pregnancy toxaemia An often fatal disease of female stock, which usually occurs prior to, 
and immediately after, parturition (birthing), often as a result of 
stress and under-nutrition. Often referred to as 'sleepy sickness', 
'twin lamb disease', or ketosis acetonaemia. 

Pre-Lamb shearing Shearing ewes during late winter or early spring, before lambing. 

Presser 

Prill 

Primary follicle 

Primary production 

Prime lambs 

Person in a shearing shed who 'presses' the wool into bales in a wool 
press. 

A small round granule of fertiliser, herbicide, etc. 

Wool follicle with an attached sudoriferous (sweat) gland and a 
small arrector pili muscle. 

An ecological term: Total biomass produced by plants in any 
managed or natural ecosystem. (Secondary production relates to the 
biomass of herbivores, such as insects and ruminant livestock.) 

Lambs ready for slaughter. This term has now replaced 'fat lambs'. 

Production function The relationship between the level of inputs and the level of output 
for some production process. 

Production index (PI) A single measure of an animal's productive ability compared to 
other animals in the herd or flock, after allowing for breed, age, and 
stage of lactation differences, based on actual performance. The term 
may also be used in the context of other measures of genetic I 
production performance. Refer also to 'production worth'. 

Production Worth (PW) A measure of a dairy cow's (or herd's) expected lifetime ability to 
convert feed into profit, relative to a zero base. A PW of 7 6 indicates 
that the cow, or herd, is expected to generate an extra $76 profit per 
year per 4.5 tonnes of dry matter (DM) consumed. See page A-15. 

Profile (of a soil) 

Progeny test 

Proprietorship 

Provisional tax 

A vertical section through the soil, exposing all 'horizons', from its 
surface to the parent material. 

The evaluation of an animal by examining the performance of its 
progeny. 

Ownership of a business. 

A tax levied on all income that does not have any tax deducted at 
source, which is based on an estimate for the current year, or on the 
previous year's income. It is meant to ensure that all income will be 
taxed in the year in which it is earned. Refer also to 'terminal tax'. 
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Pruning (forestry) 

Pseudostem 

PTO (abbr.) 

Puberty 

Pugging (of soils) 

Pulsator 

Purebred 

Quarter bred 

Quarterbred wool 

Quota 

R 1, R 2, R 3 

Race 

Radiant flux density 

Removal of immature side branches (in whorls) from the lower 
section of a tree, to allow the formation of clearwood in the 'butt 
log'. 

A 'false' stem of a grass plant made up of the closely packed base of 
leaves (leaf sheaths). Pseudostems support leaf blades and protect 
developing leaves and tillers. 

Power take off. 

The stage in an animal's life when it develops sexual maturity. 

Destruction of the surface structure of wet soils by stock or traffic. 
Synonymous with 'poaching'. 

A valve mechanism for producing cyclic pressure change (vacuum) 
in a milking machine. 

Generally accepted as an animal that can be registered with a breed 
society or association, after a stated number of generations, with no 
input from any other breed. May also be referred to as 'straightbred' 
or 'mono bred'. 

Q 

A cross obtained when an 'F2' animal is mated back to one of the 
original parents. Depending on the parent breed of interest, it may be 
called a three-quarter bred. 

Type of wool from sheep containing % - Ys Merino blood and 

Ys-% blood of a 'long wool' breed. 

Fixed amount of harvested product, which is supplied or exported, 
relative to a pre-arranged or regulated volume, e.g., export meat 
quotas, milk quotas for winter milk on 'town supply' dairy farms, etc. 

R 

Rising 1 (or Ris.l), 2 and 3 year old, etc., in relation to livestock age, 
determined by the age at next 'birthday'. 

(i) A narrow channel along which irrigation and stock-water flows. 

(ii) A narrow enclosure (in yards) through which animals walk in 
single file (e.g., drafting race), or can be held tightly. 

(iii) A fenced roadway, track, or access-way through a farm, for 
vehicles and stock. 

A measure of the amount oflight that plants are exposed to. 

N- 52 



Raking 

Ram 

Rammer 

Random breeding 

Random 

The movement of cut herbage into denser rows, in preparation for 
baling. May also apply to 'turning'. 

Entire male sheep of any age. 

Flock ram: A non-pedigree ram used in a 'commercial' flock. 
Stud ram: A pedigree (registered) ram. 

Long-handled tool used to consolidate earth around a post. 

Where any male has an equal chance of mating with each female. 

Arranged according to chance, with any bias (caused by other 
factors) removed. 

Reabsorption Refers to the process that occurs when an ovum, embryo or young 
foetus dies and is absorbed back into the dam. In sheep, this usually 
occurs in the first 60 days of pregnancy. 

Reactive phosphate rock (RPR): 

Real dollar value 

Real interest rate 

Receiver 

Recent soils 

Recipient 

Recessive gene 

Reciprocal cross 

Reclassing 

Red water 

Reference sire 

Regain 

A naturally occurring, slow-release phosphate fertiliser containing 
12-14% P. 

The value, or purchasing power, of a 'real' dollar remains constant 
over time. 'Nominal' dollar value is converted to 'real' dollar value 
by removing changes caused by inflation. 'Real' dollar values relate 
to a specified point in time (e.g., the year 2000), which may not be 
the current time. Refer also to 'nominal dollar value'. 

Interest rate after deduction of the inflation rate. Refer also to 
'nominal interest rate'. 

Someone appointed to manage the affairs of a business that has gone 
into receivership. 

Weakly weathered soils, with little profile development, but with a 
distinct topsoil. 

A female into which embryos are transplanted. Refer to 'MOET'. 

A gene that only exerts its effect when present as a pair (double 
recessive). Refer also to 'dominant gene'. 

A cross where the previous parent breeds, strains or individuals have 
been reversed, from male A x female B, to female A x male B. 

Classing of wool in a woolstore, which was not sorted according to 
type at shearing. Wool brokers charge extra for this service. 

A clinical sign observed in animals with blood, or broken down blood 
products, being passed in urine. It is observed in calves with 
leptospirosis, and sulphur compound poisoning when feeding on 
brassicas. 

A bull, ram, etc., (used as a sire), against which others can be 
compared, often in different environments. 

Proportion of moisture that is naturally absorbed by wool, expressed 
as a percentage of the 'oven dry' weight of fibre, defined for 
commercial purposes for such products as clean, scoured wool and 
yam. 
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Regrassing Sowing of pasture seeds (grasses and clovers) on land that has 
previously been sown in pasture, as distinct from 'new grassing' and 
'grassing'. 

Relative economic value (REV): 

Relative humidity 

Reliability (of index) 

Relief (of land) 

Repeatability 

Reproductive rate 

An estimate of the relative value (in money terms) of a number 
of different traits, sometimes referred to as economic weighting. 

The amount of water vapour in the air, as a percentage of the 
maximum amount of water vapour that the air can hold at a given 
temperature. 

Quantifies the degree of confidence that can be placed on a breeding 
index. Also applies to 'breeding worth' and 'production worth'. 

The slope of the land surface, and the nature of elevations and 
depressions. 

A statistical term for the chances of an event being repeated. 

The rate at which a population reproduces, normaUy expressed as a 
percentage. Refer also to 'fecundity' and 'fertility'. 

Re-seeding Sowing seeds of grassland species to improve pastures on land that has 
previously been 'grassed' or 'regrassed'. 

Reserve potassium A fraction of non-exchangeable soil potassium (and therefore not 
included in 'quick test' potassium values) which becomes plant
available within a growing season. 

Residual effects (of fertilisers): 
Responses by plants to fertilisers applied one or more years before 
the response occurs. 

Respiration (aerobic) The process by which organisms release energy through the 
oxidation of carbohydrates and the production of carbon dioxide and 
water. 

Respiration (of plants) Chemical oxidation in the plant, which breaks down carbohydrates 
and fats to produce energy for all plant processes, e.g., growth, 
reproduction. 

Retention time The rate of disappearance of feed/digesta from the rumen by 
digestion and passage down the digestive tract, measured in hours. 
Also used to define the rate of passage of an indigestible feed 
component from the rumen. 

Rhizobia inoculation Application of nitrogen-fixing bacteria to legume seed as a fresh 
'slurry', immediately before sowing, or as part of the 'seed coating' 
process which encases the seed and rhizobia in a peat and fertiliser 
based 'coat'. 

Rhizobium bacteria Bacteria living symbiotically with higher plants (such as legumes), 
and capable of converting atmospheric nitrogen (N) into plant
available forms ofN. Refer also to 'seed coating'. 

Rhizome An underground, horizontal stem that propagates plants at its nodes. 

RHS (abbr.) Rectangular hollow section steel. 

Ribby pelts Pelts off wrinkly sheep (such as Merinos) that are of restricted 
usefulness for leather manufacture. 
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Ridger 

Rig 

Rill erosion 

Rising 

Risk 

RM (abbr.) 

RMT(abbr.) 

Roar 

Roller drill 

Root nodules 

Rotation (of crops) 

Rotational grazing 

Round wood 

Rouseabout (Rousie) 

RSJ (abbr.) 

Ruminant 

Run 

Run-off 

Run-out pasture 

A seed drill used to sow brassicas, especially swedes. It places the 
seed close to the top of formed ridges of soil. 

A male that has only one descended testicle, with the other retained 
in the pelvic cavity. It may or may not be fertile. 

Erosion which forms numerous small, shallow gullies (rills) on the 
soil surface. 

Referto'Rl'. 

The threat posed by an uncertain outcome. 

Relative maturity 

Rapid Mastitis Test. See CMT. 

Characteristic sound made by male deer during the mating season. 
May also be used to refer to the mating season (the rut) of deer. 

A calibrated device for sowing seed (with fertiliser) that is mounted 
above a 'V' ringed steel roller (similar to a 'Cambridge roller'). The 
seed, etc., is 'sown' into the shallow grooves created by the roller 
and covered by following harrows. Roller drills are favoured for 
many situations where it is imperative the seed is sown at a uniform 
depth, and not too deep. 

Growths on the roots oflegume plants containing rhizobium 
bacteria. Nodules which are actively fixing nitrogen are usually pink 
inside. 

The growing of different crops in a repeated sequence. 

The practice of imposing a regular sequence of grazing, by moving 
animals at regular intervals from a grazed paddock to an ungrazed 
paddock, until all available land has been used and the cycle 
recommences. Refer also to 'mob stocking'. 

Generally-used to denote small logs used for posts and poles. 

General-hand working in a shearing shed. 

Rolled steel joist. 

An animal with a four-part stomach consisting of a rumen, 
reticulum, omasum and abomasum. The largest part is the rumen 
from which forage is regurgitated (cud) for further chewing. Cattle, 
sheep, goats and deer are ruminants. 

(i) A term used for an 'extensive' grazing property, usually in the 
South Island high country. May also be referred to as a 'station', if it 
includes a homestead. 
(ii) Period of time (normally 2 hours) between rest breaks when 
shearing. 

(i) An area of land (owned or leased) separated from a main farm, used 
to provide additional forage for conservation or grazing. They are 
common in the dairy industry, for grazing young stock and for winter 
grazing of the main herd. 
(ii) Excess rainfall or irrigation water, which does not penetrate the 
soil-surface of the ground and flows off the land, possibly to waste. 

Pasture where most of the sown species have died and been replaced 
by less desirable species. Refer also to 'old grass'. 
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Run with bull/ram/stag (RWB, RWR, RWS): 
Females that have been 'run' with a sire (i.e., given the chance to 
mate), but for which there is no guarantee of pregnancy. 

Rut Term used to describe the (autumn) mating season for deer. 

RWB/RWR/RWS (abbr.): 
Run with bull/ram/stag. 

Ryegrass staggers (RGS) Lack of co-ordination in animals that have ingested a toxin ('Lolitrem 
B') found in the base and old leaves of endophyte-infected ryegrass 
plants. 

S ( chem. sym.) 

Sale by sample 

Saline soils 

Sandy soil 

Saturate (soil) 

Sawlogs 

Saxon 

Scanning percentage 

Schedule (meat) 

Scouring (wool) 

Screen (animals) 

Scurs 

SD (abbr.) 

SE (abbr.) 

Se (chem. sym.) 

Sebaceous gland 

Second cut (wool) 

Second shear wool 

s 

Sulphur. 

Method of displaying wool to be sold by auction, where a 
representative sub-sample is withdrawn mechanically from the bales 
and displayed in a cardboard box for buyers to physically evaluate. 

Salt-affected soils .. 

A soil whose texture is dominated by the sand fraction. 

To fill to capacity, i.e., to fill all the soil pore spaces with water, or to 
fill all the exchange capacity with a particular cation species. 

Logs suitable for sawing into timber. 

Strain of fine-wool Merino. 

Number of foetal lambs, fawns, calves, etc., counted per 100 females 
'scanned'. 

The price offered by meat processing companies for various weights 
and grades of carcasses. 

The process by which wool is cleansed of grease and soluble 
impurities. 

To select, from a large population, those animals that have superior 
specifications or production, to form an elite or nucleus group for 
breeding. 

Small or rudimentary horns found in some females of horned breeds. 

Selection differential or standard deviation. 

Standard error or starch equivalent. 

Selenium. 

Gland attached to all primary, and some secondary, wool follicles, 
which secretes wool wax. 

Wool that is cut twice during shearing, when the first cut was above 
the base of the staple. The short pieces are of little value. 

Wool from sheep shorn more frequently than once every eight 
months. 
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Seed-bed 

Seed coating 

Soil that has been cultivated to provide conditions suitable for seed 
germination, emergence and growth. 

The encasement of seed with products that will enhance the 
seedlings' survival (often a peat base, with fertilisers and lime) and 
will protect (for a limited time) N-fixing rhizobia bacteria that 
legume seed has been inoculated with. Also known as 'seed 
pelleting'. 

Seed quality (by sample)Relates to purity, germination and sometimes, 1 000 seed weight. 
New regulations may also include seed vigour. 

Seed vigour Property of a high-germinating seed line which determines its ability 
to cope with environmental stresses after sowing, and/or storage. 

Seedling vigour Related to seed vigour and seedling size, it is indicated by rate of 
field emergence and seedling growth rate. 

Selection differential 

Senescence (of plants) 

Serum 

Set-stocking 

Sex linked 

Shearing 

Shearing board 

Shearing gang 

Shearing shed 

Shearing stand 

Shedding out 

Shed-hands 

Shed-up: 

Sheet erosion 

Shelter (trees, etc.) 

Shn (abbr.) 

Short cycling 

Shrinkage (CW) 

The difference between the mean of the selected parents, and the 
mean of the population from which they came. 

The process of ageing and death, resulting in unpalatable dying and 
dead material in the base of a sward. 

The watery fluid remaining when the red and white cells are 
removed from blood. 

Grazing system in which stock remain in a particular area (paddock or 
block) for a prolonged period. 

Traits that are carried on the sex chromosomes. 

Cutting the wool/fibre off sheep or goats. 

Area in the woolshed where sheep are shorn. A raised board is 
elevated above the rest of the wool-handling area. A flat board is on 
the same level as the wool-handling area. 

Group of people employed to shear, sort, and bale a wool clip. 

Building in which sheep are shorn. More often referred to as a 
'woolshed'. 

One set of shearing equipment (for one shearer), on a shearing board. 

To remove ewes from a paddock that have yet to lamb, leaving 
behind those that have recently lambed. This may be done 
progressively, utilising the ewes' mothering instincts (to remain with 
her lamb/s) and the young lambs' inability to 'travel'. 

Persons, other than shearers, working in a shearing shed. 

Filling the 'night pen' of a woolshed with dry sheep, in preparation 
for the next day's shearing or crutching. 

Small amounts of soil eroded fairly uniformly from the soil surface. 

The presence of trees or other vegetation for breaking the force of 
wind. 

Shorn. 

When an animal comes 'on heat' at shorter than the usual interval. 

Loss of carcass weight ('drip loss' and moisture) between 'hot 
carcass weight' at slaughter, and 'boning' and 'cutting' after chilling. 
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Siblings (sibs) 

Sight glass 

Progeny of the same parents, but not necessarily born at the same 
time. Full 'sibs' have both parents in common, while 'half-sibs' have 
only one parent in common. 

The glass through which milk passes on the way to the milk-line. 
Shows when milk flow is finished. 

Silage (ensilage) Pasture, lucerne, barley, oats, etc., conserved for supplementary feed 
by mowing, compacting and anaerobic preservation (ensiling) in a 
plastic covered stack or pit. 

Silent oestrus (silent heat): 

Silt 

Silting 

Silty 

Sire 

Sire proving scheme 

Skirting 

Slink (lamb) 

Slipe wool 

Sliver 

Slow-release fertilisers 

SMP (abbr.) 

SNF (abbr.) 

Snow-raking 

Sod seeding 

Sodium molybdate 

Sodium selenate priUs 

Softwoods 

Soil association 

When an animal ovulates without appearing to come on heat. In 
cows, it is most likely to occur within 40 days of calving or if it is 
being suckled. 

Fine, mineral soil particles, and also a soil textural class. 

The deposition of water-borne soil particles in a stream or lake, or on 
flooded land. 

Descriptive of a soil textural class, in which silt particles play a 
dominant role, e.g., silty clay- a soil with relatively large amounts of 
silt and clay, but little sand. 

A male parent. 

Breeding programmes to progeny test young males with potentially 
high genetic merit as sires. 

Removing oddments from a fleece after shearing. 

Dead lamb (born dead, or died soon after birth) that is processed 
mainly for its skin. 

Wool recovered from pelts in an abattoir. 

Continuous length of carded wool. 

Fertilisers which release their nutrients, in plant-available forms, 
over an extended period of time, e.g., reactive phosphate rock and 
elemental sulphur. 

Skim milk powder 

'Solids not fat' in milk 

Rescuing snow-bound sheep. 

'Direct-drilling' of seed into uncultivated turf (sod). 

A trace element fertiliser additive containing 39% molybdenum. 

A trace element fertiliser additive containing 1% selenium. 

Wood derived from trees classified botanically as Gymnospermae. 
Species include Abies, Agathis, Araucaria, Cedrus, Chamaecyparis, 
Cupressus, Dacrydium, Juniperus, Larix, Phylocladus, Picea, Pinus, 
Podocarpus, Pseudotsuga, Sequioa, Thuja, Tsuga, etc. Softwood 
trees generally have narrow, needle-like leaves, and usually bear 
cones, hence the term conifer is commonly used. Wood from 
softwood trees is generally less hard than that from hardwood trees. 

A mapping unit on a soil map in which two or more taxonomic units 
occur together in a characteristic pattern, but cannot be mapped 
separately because of the scale of the map. 
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Soil cap 

Soil complex 
A dense, structureless layer at the surface of a soil. 

A mapping unit in which two or more taxonomic units are 
distributed in an unpredictable way within the unit. 

Soil creep (wind erosion): 
The process whereby sand-sized particles of soil are rolled across the 
soil surface by the wind. 

Soil fertility The presence in the soil of the requirements for plant growth, including 
minerals and trace elements. 

Soil horizon A roughly horizontal layer of soil which differs in appearance and 
properties from the soil above and below it. 

Soil mapping units Apparently uniform areas on a soil map which may contain either 
more than a single taxonomic unit, or subdivisions of soil series 
known as soil types or soil phases. 

Soil phase A subdivision of a soil series. 
Soil series A member of a sub-group of soils which, in turn, is a member of a 

group. Members of a soil series are essentially alike in all major 
profile characteristics. 

Soil solution The water in a soil and the materials dissolved in it. 
Soil structure The term used to describe the agglomeration of the individual soil 

particles (sand, slit and clay) into aggregates. 

Soil test Chemical procedure for estimating the ability of a soil to supply 
nutrients in plant-available forms. 

Soil test levels The amount of a plant nutrient chemically extracted from a soil 
sample. 

Soil texture The relative proportions of solid primary particles (sand, silt and 
clay) in a soil. 

Soil type The geological description of the soil. Often used by non-scientists as a 
general description of soil qualities and usages. 

Soil water budgeting A method of estimating irrigation requirements from calculations of 
gains and losses of water from a soil, and a knowledge of the soil's 
water holding capacity. 

Soil water deficit The difference between the actual amount of water in a soil and the 
water-holding capacity of the soil. 

Solids not fat (SNF) The protein, sugar (lactose), and ash (minerals) in milk. 

Solvency Being able to pay debts as they are incurred. 
Somatic cell count ·Counts the white blood cells in milk, to give an indication of sub

clinical mastitis. Somatic cells are part of the cow's natural defence 
mechanism, therefore cell counts rise when the udder becomes 
infected. 

Sonic tester Instrument which measures the average fibre diameter of wool, on 
the basis of measuring the frequency of an air current generated by 
sound waves, after it has passed through a small sample of wool 
packed in a constant volume chamber. 
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Sorption 

Sound (wool) 

Sow 

Specification (wool) 

Spikelet 

Spiker (deer) 

Spinner (wool) 

Spot price 

Spottie (deer) 

Spring (wool) 

Springing 

SS (abbr.) 

Stag 

Stallion 

Stand (shearing) 

Standard 

A combination of two processes (adsorption and absorption) by 
which ions are removed from the soil solution, by reacting with soil 
particles. 

Wool without a tensile weakness. 

Female pig that has had at least one litter. 

Description of a wool consignment, by bale number, which should 
be delivered to the wool broker with (or before) the wool. 

The separate flower clusters in grasses. 

Yearling male deer that has grown its first 'antlers', normally in the 
form of two, single point 'spikes'. 

Manufacturer who produces worsted yarn. Also, wool suited to the 
production of super-worsted yarn. 

The price for a product for immediate delivery; cash price. 

Newly born or young deer up to approx. three months of age that still 
has its spotted 'birth' coat. 

The ability of wool to regain shape after compression. Refer also 
'bulk' and 'medullated fibre'. 

An animal starting to show udder development, prior to parturition. 

Stainless steel. 

Entire male Red deer. 

Entire, mature, male horse. 

Area immediately surrounding an individual shearing machine. 

A metal, pre-drilled post used for fencing, through which wires are 
threaded and strained. 

Standard deviation (SD) A statistical term that describes the variation around a mean value. 

Standard plate count This is used to measure the numbers of bacteria found in a sample 

Staple 

Staple length (wool) 

Station 

Stay-block 

Stay (post) 

Std (abbr.) 

from the bulk milk in the vat. It is usually indicates the cleanliness of 
the milking plant. 

Naturally formed cluster of fibres in a fleece. Staples are joined by 
crossfibres (binders), which bind the fleece together. 

The length of wool fibres in a 'staple'. 

A large farm with a homestead (and other buildings), sometimes 
farmed extensively, normally with any combination of sheep, beef or 
deer. 

The wooden or concrete block dug into the ground to bear the 
pressure exerted by the strainer or angle post, through the 'stay'. 
Also known as a 'breast-plate'. 

The wooden, steel or concrete 'post' that is placed between a strainer 
or angle post and its anchor (either a secondary horizontal strainer, 
or stay-block). 

Standard. 
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Steady state 

Steely (wool) 

Steep hill country 

Steer (Str) 

Stimulation 

Stock-proof 

Stock unit (SU) 

Stocking 

Stocking density 

Stocking rate (SR) 

Stockmanship 

Stolon 

Stomata 

Store (livestock) 

Str (abbr.) 

Straightbred 

Strain 

Stringer 

Strip-grazing 

describes a constant or unchanging situation, e.g., 'steady state 
nutrition' refers to a constant nutrition level from one period to the 
next, and 'steady state stock reconciliation' refers to a programme 
where the closing stock numbers are the same as the opening 
numbers. 

Coarse, harsh-feeling wool, with a shiny appearance that lacks 
crimp. Sometimes associated with copper deficiency. 

Land with 33% of the slopes greater that 35°. 

Castrated male cattle beast of any age. Synonymous with ox and 
bullock, although the latter are applied only to fully grown cattle. 

Activation of the cow's milk release or 'let-down', by washing or 
massaging the udder before milking. 

Describes a fence which effectively restrains stock, preventing exit 
or entry. 

See page A-179. 

The different management processes of grazing livestock. Refer also 
to 'mob stocking', 'rotational grazing' and 'set-stocking'. 

The number of animals per unit area ofland at a point in time. 

The number of animals carried or run on a defined area of land. 
Often referred to as 'carrying capacity', and normally expressed as 
SU/ha. 

The natural ability and 'performance' of a stockman in handling 
livestock, judged by how well the stock 'do' and how they react 
when being handled. 

A stem that grows horizontally along the ground surface and may 
form adventitious roots at the nodes. 

Small openings on the surface of leaves and some stems, through 
which gases pass. 

Term used to describe animals destined for 'finishing', whose skeletal 
development has not been impaired, but whose muscular tissue is 
below potential and 'fat' tissue is undeveloped. The 'finishing' process 
involves some growth ofbone, more of muscle, and rapid deposition of 
fat. 'Store' condition animals are often sold off (breeding) country that 
does not have the potential to finish them, to specialist 'finishing' 
operations on easier, more productive country. 

Steer. 

Synonymous with 'purebred' and 'monobred'. 

The tension put on the wires in a fence. 

Main weight-bearing truss in a bridge. Usually made of timber. 

The process of grazing pastures or forage crops in strips, with the use 
of temporary electric fencing. Strip-grazing is commonly used to ration 
feed in periods where pasture growth is insufficient to meet animal 
requirements. Synonymous with 'break-feeding'. 
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Strong (wool) 

Strong wool 

Stubble 

Stubble mulch 

Stud 

Stud (animal) 

Style 

SU (abbr.) 

Subjective trait 

Submission rate (SR) 

Subsoil 

Subsoiling 

Subsurface drains 

Sucker 

Suint 

Sulphate sulphur 

Super (abbr.) 

Wool with a coarse fibre diameter for its type. Descriptive 
graduation between coarse and fine wool within a specific type is 
extra-strong, strong, coarse, medium, fine, extra-fine. 

Wool with very coarse fibre diameter (high micron, normally greater 
than 30,u). 

That part of a crop left above ground after harvesting. 

Crop stubble or residues left on the soil surface before or during 
seed-bed preparation. 

A term used to describe an animal breeding operation whose animals 
are registered with an official breed association, and have a complete 
record of breeding ancestry (pedigree). 

An animal that is registered and has a pedigree and/or performance 
record. 

Combined subjective assessment of the degree of excellence (or 
fault) of wool within a breed. Involves consideration of staple 
formation (the extent of crimp clarity and staple tippiness), freedom 
from unscourable discolouration, and extent of vegetable matter 
(VM) contamination. Graded as super, good, average, and inferior or 
by letters such as A, BB, B, C, and D. 

Stock unit. 

A trait that cannot be defined or expressed in a precise way. 

Percentage of dairy cows in the herd inseminated or mated during a 
given period, say the first 28 days of the breeding programme. 

Either soil below the B-horizon, below the cultivated layer, or below 
the root zone. 

Breaking compact subsoils with a chisel-like plough or soil aerator, 
which does not invert the soil. 

Clay or slotted plastic pipes buried in the soil, or 'tunnels' ('mole 
drainage') formed in heavy soils to assist in the removal of excess 
water. 

Young pig of either sex still suckling its dam. 

Natural water-soluble impurity of wool, secreted from the 
sudoriferous or sweat gland attached to the wool follicle. 

An inorganic, soluble form ofS. 

Superphosphate fertilizer. 

Superphosphate (single) Rapid-release inorganic fertiliser that is about 9% P and 12% S. 

Supplementary feed Any animal feed used to supplement a normal supply of pasture, 
which is often in the form of conserved hay, balage or silage, fodder 
crops (greenfeeds and brassica crops), or concentrates such as grain 
or meals. 

Surface soil 

Swayback 

Symbiosis 

The uppermost layer of soil. 

A disease resulting in lack of coordination in livestock, and caused by 
copper deficiency. 

An association between two dissimilar organisms in which both 
organisms benefit, e.g. rhyzobia bacteria and legumes. 
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Synthetic breed 

Tail paint 

Tailing percentage 

Tassel 

Taxonomic units 

TB or Tb (abbr.) 

Teaser 

Teat spray 

Teat 

Tedding 

Tender (wool) 

Tension 

Tension meter 

Terminal sire 

Texture (soil) 

Thermal time 

Thyroid gland 

Tie-back (tie-wire) 

Tie-down 

Tile drain 

A stabilised breed created from interbred 'composite animals' (e.g., 
Coopworths evolved from a 'two breed' composite and the Kelso 
from a 'four breed' composite). 

T 

Special paint applied to the base of a cows' tail and used to assist in 
the detection of cows that are displaying signs of oestrus (allowing 
other cows or vasectomised bulls to 'mount' and rub off the tail 
paint). 
Number of lambs tailed/docked per 100 ewes mated, or sometimes, 
per 1 00 ewes tallied at tailing. 

A branched, drooping panicle possessing male spikelets. 

Any level in a soil classification, from orders to soil series, which 
have clearly defined profile characteristics. 

Tuberculosis 

A vasectomised male that behaves as an entire male, but is not 
fertile. Used in 'heat' detection and also to stimulate oestrus in 
breeding females prior to the mating period. 

A sanitiser (disinfectant) sprayed on cows' teats after milking to 
minimise the spread of mastitis. 

Teat canal: The canal down which the milk flows. 
Teat sinus: The opening on the end of the teat. 

The process of aerating cut forage (hay) to facilitate drying. 

Wool with a tensile weakness. A less severe form of 'break'. 

The strain put on each wire in a fence. 

A device to measure the strain in a fence. 

A sire whose progeny are all destined for slaughter. Use of terminal 
sires often involves capitalising on 'heterosis'. 

The relative proportions of solid primary particles (sand, silt and 
clay) in a soil. 

A method of accumulating daily temperatures to help predict 
phenological development in plants. 

A gland located under the jaw-bone of mammals, producing 
hormones that influence the animal's metabolic rate, cell 
differentiation, and the growth and development of the foetus. 

The wire connection between the 'dead man' and a post. 

An anchoring system (using a 'dead man' or 'foot') to prevent a 
strainer or angle post from being pulled over or out of the ground, as 
a result of the tension on the fence wires. 

Clay pipes placed in the subsoil to remove excess water from the 
soil, and often used in conjunction with 'mole drainage'. 
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Tiller 

Tillering 

Tine 

Tine harrows 

Tippy 

Top (wool) 

TOP (abbr.) 

Topdressing 

Topknot (wool) 

Topsoil 

Town supply 

Toxic 

Trace elements 

Trait 

Trample 

Translocation 

Transpiration 

Trifoliate 

Triple superphosphate 

Tuber 

Tunnel erosion 

Tupping 

Turning 

Two-tooth (2th) 

Two-year ewe 

Type (wool) 

New shoot on a grass plant, normally with only three green leaves. 

The emergence of tillers. 

(i) A point or branch off the main beams of a deer's antlers. 

(ii) A 'sprung steel' (often pointed) prong of a tool or implement, e.g., 
hay-rake tines, grubber tines, etc. 

A cultivation implement (made in a range of weights), consisting of 
sets of vertical tines on frames that consolidate the soil and produce a 
fine tilth. 

Wool with a very pointed tip to the staple. 

Combed sliver. Mid-stage in the production of worsted yam. 

'Traits other than production', recorded for animal performance. 

The application of fertilizer. 

Wool shorn from the top of a sheep's head. 

The uppermost layer of soil, and often the layer which is cultivated. 

The term for dairy farms that supply milk for the domestic market 
every day of the year, and whose 'winter milk' supply is subject to a 
'quota' system. 

Poisonous. 

Micronutrients. 

Inheritable characteristic. 

Damage or destroy by walking or treading on. 

The movement of inorganic salts and organic compounds within 
plants. 

The evaporation of water vapour from leaves. 

Describes a leaf that has three leaflets. 

An inorganic fertilizer containing about 18% phosphorus and 1% 
sulphur, in readily available forms. 

An underground stem modified for storage, e.g., potato tuber. 

Subsurface erosion, caused by water flowing over an impermeable 
horizon within the soil, and resulting in the formation of tunnels in 
the soil. 

The act of mating, or the period of mating for sheep. 

The inversion of a swath or window of cut herbage to facilitate 
drying (refer also Raking). 

A sheep or goat that has its first pair of adult incisor teeth (at 
approximately 12-18 months of age), until approx. one year later 
when it will become a four-tooth. Refer also to 'aging of sheep'. 

A productive, aged ewe (normally older than 5 years) that is 
expected to produce (lamb/sand wool) for each of the next two years 
and then be slaughtered. Refer also to 'annual draft'. 

Relates to suitability of wool for a particular end-use, or the wool of a 
specific breed of sheep. 
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Undersown 

Unsound (wool) 

Urea 

Ute (abbr.) 

Uterus 

Variable costs 

u 

The description given to a crop or pasture established 'under' another 
of taller structure, e.g., wheat undersown with white clover; lucerne 
established under a cover crop of barley. 

Wool with a tensile weakness. Incorporates wool that is 'tender' and 
also wool that has a 'break'. 

An inorganic fertilizer containing 46% N in a readily available form. 

Utility vehicle with a cab and a deck. 

The female reproductive organ in which the foetus develops during 
pregnancy. 

v 

Costs that change according to the relative size of the activity (e.g., 
with crops, these include fuel, fertiliser, seed, etc.) and are those 
incorporated in a gross margin. Also may be referred to as direct 
costs. 

Vasectomised ram/bull Refer to 'teaser'. 

Vealer A seldom-used term for a young beef animal, normally in relation to 
slaughter, and at light carcass weights ofless than 160 kg. 

Vegetable matter (VM) Seeds and other plant material contaminating wool. 

Velvet (antler) 

V emalisation 

Vetted 'in calf, etc. 

Virgin wool 

Vitamin Bl2 

Vitamins 

Vol. (abbr.) 

Volatilisation 

Volt 

The term used for the immature, vascular growth of deer antler, 
characterised by its soft, 'velvet-'like' skin. This is shed once the 
calcification process is complete and the antlers have 'hardened off. 
Velvet is harvested prior to the onset of-calcification, then dried and 
processed for use in traditional oriental medicine. 

The induction of flowering, by cold treatment or sufficiently low 
winter temperatures. 

A breeding female that is 'guaranteed' to be pregnant at the time of 
an examination by a veterinarian. 

Refer to 'new wool'. 

A vitamin (cobalamin) containing cobalt, produced in the liver. 

Organic substances required in relatively small amounts in the diet 
of stock. 

Volume. 

The process by which a substance changes from liquid to a gas. 

Unit of electrical pressure which causes current to flow. 

Voltage = current x resistance 
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Volumetric water content: 

WN 
W/W 

The volume of water in a soil, as a percentage of the volume of soil. 

Weight for volume 

Weight for weight 

w 

Wages of management (WOM): 
The money which could be considered a fair reward for physical 
labour and managerial decision-making in a business. 

Warp Threads stretched lengthwise in a loom, to be crossed by other 
threads (weft). 

Water erosion 

Water-table 

Watt 

Wax (wool) 

Weaner (Wnr) 

Weaning 

Weathering 

Wet/ dry 

Wether (wthr) 

White muscle disease 
Whole farm budget 

Whole farm planning 

Wigging 

Wild flooding 

Loss of soil when rainfall or irrigation rates exceed infiltration rates, 
and excess water flows over the soil surface, removing particles of 
soil. 

The level below which a soil is saturated with water, or the level of 
'free' water in the soil. 

Unit of power, both electrical and mechanical. 

Natural impurity of wool, secreted from the sebaceous gland 
attached to the wool follicle. 

A young animal that has been weaned (off milk) and separated from 
its mother. 

Normally refers to the process of separating dams from their 
progeny, or the cessation of milk feeding of young animals that are 
being 'hand reared'. 

The physical and chemical changes, caused by atmospheric forces, 
which occur to rock materials at or near to the earth's surface. 

The term used for a female breeding animal that has given birth, but 
failed to rear her progeny to marking/tailing/tagging (or weaning), 
maybe because it was born dead or died before these inspections. Refer 
also to 'dry I dry'. 

Castrated male sheep or goat of any age. 

Muscle disease associated with selenium deficiency. 
Budget showing the operating revenue and expenditure for the 
'whole farm plan', as distinct from 'partial budget' planning. 

Management planning for the mix of physical and financial activities 
involved in the 'whole farm' business. 

The shearing of wool from the head of sheep, which is sometimes 
also done in conjunction with crutching. The wool is referred to as 
eye clips and topknots (or wigs). The objective is to prevent 'wool 
blindness' in woolly-headed sheep. 

A form of irrigation, in which water flowing in a contour ditch is 
periodically allowed to flood the land below. 
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Wilting point 

Wind erosion 

Windrowing 

Winged subsoiler 

Winter-saved pasture 

Wire 

Wither 

WOM (abbr.) 

Woodlot 

Wool blind 

Wool broker 

Wool buyer 

Wool classer 

Wool grease 

Wool merchant 

Wool puller 

Wool rot 

Wool table 

Woollen yarn 

Woolpack 

Wool scour 

Woolshed 

Working capital 
WP 

WSP 

The point at which a plant's ability to take up water is exceeded by 
the rate at which it is transpiring, and so it loses leaf turgidity. 

Occurs when soil particles are blown from the soil surface. 

Cutting and arranging seed, hay or silage crops in rows, to facilitate 
drying or wilting, and harvesting. 

A cultivation implement consisting of a vertical blade with 
horizontal attachments at the lower end, used for breaking up 
compacted subsoil, without inverting the soil. 

Pasture that has not been grazed during the winter and has been 
saved for early spring use. 

'Plain' wire is normally galvanised and for most farm fencing is 
either of the following types: 

High tensile: Very strong, 2.5 mm diameter (12Yz gauge). 
Low-medium tensile 'No.8': 4 mm diameter (8 gauge). 
Refer also to 'barbed wire'. 

The highest part of the back of a beast, behind the neck between the 
shoulders. 
Wages of management. 

Small stand of trees. 

The ultimate stage of the impaired vision of a sheep with a woolly 
head, when wool growth around the eyes prevents normal sight. The 
problem is avoided or overcome by 'eye-wigging'. 

A business which prepares and offers wool for sale on a fee or 
commission basis, on behalf of the producer. 

Person who buys wool on behalf of a processor, either privately from 
a grower by direct treaty, or at auction through a wool broker, and 
arranges shipment to the processor. 

Person trained to group together wools of similar types. 

Natural impurities of wool (wax and suint) secreted by glands 
attached to the wool follicle. Also called yolk. 

Person or firm trading in wool. 

Person who removes and sorts the wool from sheep-skins that have 
been limed. 

Refer to 'fleece rot'. 

Slatted table in a woolshed, on which fleece wool is skirted and 
classed. 

Soft, fluffy, spun thread in which fibres lie in all directions. 

Jute, polypropylene or nylon bag of regulated dimensions for baling 
wool in a woolshed or wool store. 

Plant where wool is scoured. 

Building in which sheep are shorn and their wool baled. Refer to 
'shearing shed'. 

Capital needed for the day-to-day operation of a farm. 
Wettable powder 

Winter saved pasture 
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Wthr 

Yarding 
Yam 

Yearling (ylg) 

Yield 

Yolk 

ylg (abbr.) 

Zinc sulphate 

Zn ( chem. sym.) 

Zonal soils 

Zygote 

Wether 

y 

The process of moving stock into handling facilities (yards). 
A spun thread, especially of the kind prepared for weaving, knitting 
or carpet manufacture. 
An animal that is one year old. Prior to this, it may have been 
referred to as a 'Rising yearling'. 

Proportion of useable fibre present in a quantity of greasy wool, 
expressed as a percentage. 

Natural impurities of wool (wax and suint), secreted by glands 
attached to the wool follicle. 

Yearling 

z 

A trace element fertiliser additive, containing 23% Zn. 

Zinc 

Soils in which climate and vegetation are the most important of the 
soil-forming factors. 

The product of the union of two 'gametes' (reproductive cells). 
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Note: 
Before reading this section, please refer to the 'disclaimer' in the Preface of this Manual. 
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APPENDIX 15.1 

PASTURE TIME OF SOWING, AND COMPATIBILITY OF 
SEED MIX- FURTHER INFORMATION 
(Contributed by D. Moot, Plant Science Group, Lincoln University) 

When seeds of different species are sown together, and experience the same soil conditions, 
emergence and seedling establishment will differ. Assuming adequate moisture for 
germination, these differences can be estimated. 

The speed of seedling emergence and size or vigour can be estimated by calculating the 
time to emergence in heat sums, or thermal time (Tt) and examining seedling weight a set 
number of days after sowing. In its simplest form, Tt is calculated from the average daily 
temperature and subtracting a base temperature for the plant (Tb) as shown below: 

Tt(°Cd)=( Tmax+ Tmin 
2 )-Tb 

The daily maximum and minimum temperatures are 'T max' and 'T min'. 
Using this concept a single value for predicting emergence can be calculated. This is based 

on the actual temperature a soil experiences and is independent of location of sowing (i.e., 
Northland or Southland). The heat units are calculated daily and then summed for the period 
from sowing to emergence. 

For temperate pasture species a Tb of zero can be used to enable comparisons between species 
(see Table 15.1). 

Table 15.1: Thermal Time (°Cd) Required for 50 % of Seedlings to Emerge, and Seedling 
Weight 57 Days After Sowing (DAS) for Herbage Species 
(Adapted from Moot et al. 2000). 

Perennial ryegrass 
Italian ryegrass 
Tall fescue 
Timothy 
"W ana" cocksfoot 
White clover 
Red clover 
Subterranean clover 

Emergence 
or Thermal Time (°Cd) 

160 
145 
190 
230 
250 
150 
120 
120 

Shoot Dry Weight (mg) 
(57 DAS) 

176 
379 
91 
36 
35 
15 
49 

209 

For example, 'fast' emerging species such as perennial and Italian ryegrass required about 
150 °Cd to emerge. This is the equivalent of 15 days if the average temperature was 10°C. In 
contrast, 'slow' emerging species such as timothy and cocksfoot required about 240°Cd or 24 
days with an average of 10°C. Clearly, the slow emerging species are at a considerable 
disadvantage for subsequent growth in any pasture mix. 

Even rapid emergence does not guarantee successful establishment. The small seeded 
white clover emerged at a similar time to the ryegrasses (150°Cd) but at 57 DAS, each plant 
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was only 15 mg DWT compared with 176 and 379 mg for perennial and Italian ryegrass 
respectively. 

It is the combination of thermal time requirements for emergence and seedling growth 
rates that should form the basis for recommendations on time of sowing and the compatibility 
of species within a mixture. Predictably late autumn sown pasture mixtures tend to rapidly 
become rye grass dominant, have an increased weed content, and poor establishment of any 
white clover, timothy or cocksfoot in the mix. Obviously adding hybrid or Italian-type 
ryegrasses, that require less thermal time to emerge and produce heavier seedlings, will 
further reduce the survival of the slower establishing species. 
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APPENDIX 15.2 

PASTURE GRASSES -- FURTHER INFORMATION 

The information and tables about pasture grasses (pages 0-5 to 0-22) were contributed by 
Cropmark Seeds Ltd, Christchurch (as at January 2001). The information contained in the 
tables was originally provided by a range of New Zealand seed companies. 

Appendix 15.2.1: Ryegrasses- Further Information 

Note: See also Appendix 15. 2. 2 (page 0-11 ), "Annual and Short-term Ryegrasses - Further 
Information". 

Ploidy and Heading Date 
Tetraploids have larger seed size requiring higher sowing rates, require more careful grazing 
management to prevent overgrazing, and may also require higher fertility and adequate 
moisture to perform well. 

Newer later heading cultivars tend to produce higher late spring quality, and often have 
greater winter activity than some of the older, early heading cultivars. They often have higher 
tiller densities, and sowing rates may be reduced 2 - 3 kg/ha from what is considered normal. 

Endophyte 
Perennial ryegrass plants may contain an internally growing fungus called endophyte. 
Different strains of endophyte are available in many of the cultivars. The general 
classification used here is that of Feral, Low, or Novel. The Feral strain implies that the 
cultivar contains a wild type endophyte which will help resist insect attack (e.g., Argentine 
stem weevil, Black beetle), and help to prevent over-grazing but may, particularly in dry 
summer conditions, cause ryerass staggers and reduce animal growth rates. Low endophyte 
implies low or nil endophyte infection levels in the seed and its use is best suited to areas of 
low insect predation generally associated with high summer moisture. Novel endophyte 
strains are now being developed which generally imply nil Lolitrem B alkaloid levels, thus 
preventing ryegrass staggers, but with variable responses to insect predation dependent upon 
the strain of novel endophyte being used and the reaction of the grass cultivar to it. Endophyte 
levels in seed generally decline in seed lines stored for more than a year nnder normal 
ambient conditions. Seed lines can be tested by seed analysts for current endophyte 
concentration. 

Varieties I Cultivars 
See Table 15.2 (pages 0-6 to 0-1 0) for further information about individual varieties I 
cultivars of perennial and mid-term rye grasses. See Table 15.3 (pages 0-12 to 0-15) for 
annual and short-term ryegrasses. 
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Table 15.2: Characteristics of Ryegrass Varieties I Cultivars 
(Source: Cropmark Seeds Ltd.) 

Minimum Soil Seasonal Persistence 
Annual Fertility Growth in Years 
Rainfall Peaks 
(approx. (Days to 

CuUivar 
mm) Heading, 

ref. to Nui) 

Matrix d F, 500 Med- Autumn 5+ 
L high and 

spring 
(+23) 

Grasslands d F, 500 Med- Autumn 5+ 
Impact L, high and 

N late spring 
(+21) 

Dobson d F 600 Med- Autumn 5+ 
high and 

spring (+7) 
Banks d F, 500 Med- Autumn 5+ 

L high and 
spring (+3) 

Comments 

Matrix is a highly palatable perennial variety with very high 
annual yields, strong winter activity and late heading for 
improved quality. A very dense type. Has very good overall 
disease resistance particularly to rusts and net blotch. A general 
purpose type. 
A perennial hybrid, heading three weeks later than Nui with 
good tiller density and high winter yields. High digestibility in 
late spring. Very high resistance to crown rust, moderate 
resistance to stem rust. Good persistence. Suitable for sheep, 
cattle and dairy grazing systems. 
Heads seven days later than Nui. Yields well in summer and 
autumn. Good for dairy use and suited to summer moist areas. 

Banks is an upright variety with long narrow leaves. More 
suited to dairy rotational grazing systems. Good disease 
tolerance. 

Ploidy: d =diploid, t =tetraploid Endophyte Status: F = high feral, L = low, N =novel 
(types available) 
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Table 15.2 (continued): Characteristics of Ryegrass Varieties I Cultivars 

Minimum Soil 
Annual Fertility 
Rainfall 
(approx. 

mm) 
Cultivar 

Bronsyn d F, 600 Med-
N high 

Aires HD. d F, 500 Med-
N high 

Grasslands d F, 550 Med-
Samson N high 

Grasslands d F, 600 Med-
Nui L high 

Yatsyn I d F, 500 Med-
L high 

Ploidy: d = diploid, t =tetraploid 

Seasonal Persistence Comments 
Growth in Years 
Peaks 

(Days to 
Heading, 

rel. toNui) 

Autumn and 5+ Bronsyn has very high summer and autumn yields and is less 
Spring (0) prone to summer root pulling than many other varieties. Good 

resistance to crown and stem rust. Well suited to dairy 
rotational grazing ~stems. 

Autumn and 5+ Aires H.D. is selected for improved summer quality and 
spring (0) digestibility and has low aftermath heading. A dense, fine 

leaved, general utility ryegrass. Lower disease tolerance. Good 
lamb growth rate data from trials. 

Autumn and 5+ A medium tiller sized, semi-erect variety with excellent 
spring (+3) resistance to crown rust. Good summer-autumn production. A 

good general purpose variety. 
Autumn and 5+ An older, large-tillered public ryegrass, available with variable 

spring (0) endophyte levels. Best used in summer-moist or irrigated areas. 
Susceptible to crown and stem rust leading to animal 
unacceptability. Yields less than some newer varieties. 

Autumn and 5+ Yatsynl is a strong spring producing ryegrass with good 
spring (0) summer activity. Less active in winter than many of the newer 

strains. Very susceptible to stem rust. Moderate resistance to 
crown rust. 

Endophyte Status: F = high feral, 
(types available) 

L=low, N =novel 
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Table 15.2 (continued>: Characteristics of Ryegrass Varieties I Cultivars 

Minimum Soil 
Annual Fertility 
Rainfall 
(approx. 

Cultivar 
mm) 

Vedette d F, 600 Med-
N high 

Embassy d F, 600 Med-
L, high 
N 

Meridian d F 450 Med-
high 

Ceres d F, 450 Med-
Kingston L high 

Ploidy: d =diploid, t =tetraploid 

Seasonal Persistence Comments 
Growth in Years 
Peaks 

(Days to 
Heading, 

ref. toNui) 

Autumn and 5+ Vedette has strong winter-early spring activity. Has good 
spring(- 6) resistance to crown and stem rust. Useful under intensive 

rotational grazing on dairy farms to help overcome the early 
spring calving feed deficit period. 

Autumn and 5+ Embassy has good autumn-winter activity. An early heading, 
spring thicker stemmed, erect, less dense type. Suitable for intensive 
(- 10) rotational grazing. Good compatibility with clovers. 

Autumn and 5+ Meridian has very early heading and spring growth. May require 
early spring topping or hard grazing after flowering to maintain quality. 

(- 17) Meridian has good resistance to crown and stem rust. For 
s_pecialist early feed in summer dry, winter moist environments. 

Autumn and 5+ A fine, densely tillered type for use in dry areas under close 
spring sheep grazing. A useful general purpose type. Good drought 
(- 6) tolerance and will tolerate acidic soils. Good autumn-winter 

production. Moderate resistance to rust. Taller in height than 
G. Pacific. 

Endophyte Status: F = high feral, 
(types available) 

L =low, N =novel 



Table 15.2 (continued): Characteristics of Ryegrass Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 
(approx. (Days to 

Cultivar 
mm) Heading, 

rel. toNui) 

Ceres d F, 450 Med- Autumn 5+ A fine, densely tillered type for use in dry areas under close 
Marathon L high and spring sheep grazing especially hill country. Good drought tolerance. 

(0) Lower winter production but peaks strongly in spring through 
to early summer. Good resistance to stem rust. 

Grasslands d F, 450 Med- Autumn 5+ A fine, densely tillered ryegrass with good autumn and winter 
Pacific L, high and spring production. Good summer persistence. Medium disease 

0 
N (0) resistance. Well suited to dry, harder grazed, areas. 

Grasslands d L 450 Med- Autumn 5+ A fine densely tillered ryegrass with strong late spring growth. 
Ruanui high and spring Best used in set-stocked situations. Susceptible to disease. Only 

(+7) nil endophyte lines available, so do not use where stem weevil 
may be a problem. 

Ceres t F, 600 Med- Autumn 5+ A perennial tetraploid hybrid, produced for finishing livestock. 
Horizon L high and spring Slower than some diploid cultivars for winter growth but good 

(+4) summer activity. High palatability to grazing animals. 
Quartet t F 650 Med- Autumn 5+ Quartet is a late heading, semi-erect, tetraploid perennial with 

high and spring lower winter growth than some diploid cultivars. Good summer 
(+28) growth and low aftermath heading. High palatability to grazing 

animals. Produces high per animal and per hectare growth 
rates. 

Ploidy: d =diploid, t =tetraploid Endophyte Status: F =high feral, L = low, N=novel 
(types available) 



Table 15.2 (continued): Characteristics of Ryegrass Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 
(approx. (Days to 

Cultivar mm) Heading, 
rei. to Nui) 

Nevis t F 650 Med- Autumn and 5+ Nevis is a specialist use, early tetraploid, perennial containing 
high spring (0) feral endophyte. Medium growth habit. Moderate disease 

susceptibility. High palatability to grazing animals. 
Grasslands t 650 Med- Autumn and 3 - 5 Greenstone is a tetraploid medium-term hybrid ryegrass. Can 
Greenstone L, high spring (+4) be purchased with 'endosafe' endophyte strain which prevents 

N ryegrass staggers. Has 25 % Italian ryegrass parentage. 
Ergovaline levels similar to feral Nui which may provide 

0 tolerance to black beetle. 
Grasslands d F, 600 Med- Autumn and 3-5 A perennial early flowering hybrid which may last four to five 
Marsden L, high spring (-3) years under good moisture conditions. Selected for low leaf 

N strength and low cellulose to provide improved liveweight gain 
in animals. Has 25 % Italian ryegrass parentage. 

Grasslands d F, 600 Med- Autumn and 3-5 An early flowering hybrid type which may last four to five 
Supreme L, high spring (-3) years under good moisture conditions. Suitable for lamb 
Plus N finishing in moist or irrigated fertile areas. Has 25 % Italian 

ryegrassparentage. 

Ploidy: d = diploid, t =tetraploid Endophyte Status: F =high feral, L = low, N =novel 
(types available) 



Appendix 15.2.2: Annual and Short-term Ryegrasses 
- Further Information 
(Source: Cropmark Seeds Ltd - see page 0-5) 

Annual and short-term ryegrasses are rapidly growing cultivars which have high winter yields 
and persist from one to four years depending upon summer moisture conditions. 

Italian ryegrass is usually erect, large leaved, producing very high yields of high quality and 
requiring a winter period to form seed. W esterwolths (or W esterwolds) annual rye grass is 
used as a temporary cool season feed often between crops and will set seed from a spring 
sowing. If present, the annual rye grass endophyte strain will confer seedling resistance to 
Argentine stem weevil allowing earlier autumn sowings. This strain is not associated with 
animal health problems. Tetraploid types are larger plants which perform best under high 
fertility moist conditions. Grazing animals tend to prefer tetraploid plants which can lead to 
higher feed intake and performance. 

Italian-type hybrids usually contain a greater percentage of Italian ryegrass parentage than 
perennial ryegrass and can grow almost as much winter feed as Italian ryegrass cultivars but 
with improved persistence. 

Varieties I Cultivars 
See Table 15.3 (pages 0-12 to 0-15) for further information about individual varieties I 
cultivars. 
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Table 15.3: Characteristics of Annual and Short-term Ryegrass Varieties I Cultivars 
(Source: Cropmark Seeds Ltd - see page 0-5) 

Minimum Soil 
Annual Fertility 
Rainfall 

Cultivar (approx. 
mm) 

Prime d 600 Med-
high 

Exalt a d 600 Med-
high 

Ceres d 600 Med-
Crusader high 

Concord d L 600 Med-
high 

Cor dura d L 600 Med-
high 

Ploidy: d = diploid, t =tetraploid 

Seasonal Persistence Comments 
Growth in Years 
Peaks 

Autumn 1 - 2 Prime is a densely tillered, upright, later heading Italian ryegrass 
and cultivar with strong autumn, winter and spring growth. Recovers 

spring rapidly from close grazing. Produces high quality feed but will not 
persist under very dry summer conditions. Excellent disease 
resistance. 

Autumn 1 - 2 Exalta is a medium stemmed, upright Italian ryegrass cultivar with 
and strong mid to end of winter growth. Has high soluble carbohydrate 

spring levels. Best used under rotational grazing systems. 
Autumn 1 - 2 Crusader is a leafy densely tillered Italian ryegrass flowering ten 

and days after Concord, with high autumn and winter yields. Fast 
spring establishment and good resistance to crown and stem rust. Low 

aftermath heading to provide better summer quality. 
Autumn 1 - 2 Concord is an Italian rye grass with a heading date 14 days later 

and than Nui (page 0-7). It is fast establishing and has strong autumn-
spring mid winter growth, and will continue into a second year if moisture 

is not limiting. 
Autumn 1-2 Cordura is an Italian ryegrass with a heading date 21 days later than 

and Nui (page 0-7). It is a dense, upright, broad-leaved cultivar with 
spring slightly better _Qersistence in dry sunm1ers than Concord. 

Endophyte Status: F =high feral, 
(types available) 

L =low, N =novel 
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Table 15.3 (continued): Characteristics of Annual and Short-term Ryegrass Varieties I Cultivars 

Minimum Soil 
Annual Fertility 
Rainfall 

Cultivar (approx. 
mm) 

Tabu d L 600 Med-
high 

Flanker d L 600 Med-
high 

Mar bella d L 600 Med-
Sud high 

Dargle d L 600 Med-
high 

Ceres d L 600 Med-
Pro grow high 

Ceres d F, 600 Med-
Geyser L high 

Ploidy: d = diploid, t = tetraploid 

Seasonal Persistence Comments 
Growth in Years 
Peaks 

Autumn 1 - 2 A selection out of Flanker. Very quick establishment with large 
and upright strong tillers and very leafY. A high yielding cultivar with 

spring good yields in autumn - mid summer over many regions. Good 
disease resistance. Good production into the summer period if 
conditions are favourable. 

Autumn 1 - 2 Flanker is an Italian rye grass which has shown consistently good 
and yields in the North Island, particularly in autumn and summer. 

spring Shows good_Q_ersistence if summer moisture is adequate. 
Autumn 1-2 An Italian ryegrass selection from Corvette showing similar high 

and spring yields and slightly better summer persistence. Winter 
spring yields are not as high as Concord. Has low aftermath heading and 

shows good persistence if summer moisture is adequate. 
Autumn 1 - 2 A South African bred cultivar, early heading type, intermediate to 

and upright growth habit, with autumn-winter activity. Best used as a 
spring winter feed option. 

Autumn 1 A Westerwolds annual ryegrass which will not generally persist 
and after heading. High autumn-early winter yields. Can be summer 

spring sown as it contains the annual ryegrass endophyte conferring 
seedling resistance to stem weevil. 

Autumn 2-3 A hydrid cross (Italian ryegrass x Perennial ryegrass). Has feral 
and endophyte and will last one year longer than Concord (page 0-12) 

spring but with lower winter growth initially. Good rust resistance. 

Endophyte Status: F =high feral, 
(types available) 

L =low, N =novel 
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Table 15.3 (continued): Characteristics of Annual and Short-term Ryegrass Varieties I Cultivars 

Minimum Soil 
Annual Fertility 
Rainfall 

Cultivar (approx. 
mm) 

Maverick d L, 600 Med-
Gold N high 

Andy t L 600 Med-
high 

Grasslands t L 600 Med-
Tama high 

Gromore t L 600 Med-
plus high 
Grasslands t L 600 Med-
Moat a high 

Ploidy: d = diploid, t = tetraploid 

Seasonal Persistence Comments 
Growth in Years 
Peaks 

Autumn and 2-4 A hydrid cross (Italian ryegrass x Perennial ryegrass). Flowers 
spring 14 days later than Nui (page 0-7). Maverick Gold has stronger 

winter growth than a perennial ryegrass. It will generally not 
out-yield true Italian ryegrass cultivars in winter but has much 
better summer growth and persistence. 

Winter to 1 A newer tetraploid Westerwolds cultivar with very large 
early spring upright leafy tillers. Andy has very quick establishment and 

very strong winter and early spring growth. Has low seed 
dormancy and fits well between crop cycles. Will not tolerate 
summer dry conditions. Very palatable and high quality. 

Winter to 1 An older public tetraploid Westerwolds cultivar. Tama has 
early spring very quick establishment and very strong winter and early 

spring growth. Suitable for up to three to four grazings before 
running to seed. Will not tolerate summer dry conditions. 
Being superseded by newer cultivars for yield. 

Winter to 1 Also known as Magnum in Europe. Dutch bred Westerwolds 
early spring tetraploid. Quick establishment 
Winter to 1 An older public tetraploid Italian type with strong 

early spring establishment and good winter activity. Will not tolerate drier 
summer conditions. With summer moisture may produce in a 
second year. 

Endophyte Status: F =high feral, 
(types available) 

L =low, N =novel 
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Table 15.3 (continued): Characteristics of Annual and Short-term Ryegrass Varieties I Cultivars 

Minimum 
Annual 
Rainfall 

Cultivar (approx. 
mm) 

Ceres t L 600 
Galaxy 

Grassland t L 600 
Moat a 

Feast t 600 

Ploidy: d =diploid, t =tetraploid 

Soil Seasonal Persistence Comments 
Fertility Growth in Years 

Peaks 

Med- Spring and 2-3 A tetraploid (Italian ryegrass x hybrid ryegrass) which 
high summer displays significantly lower winter growth than most 

improved Italian ryegrasses but has improved summer 
growth and low aftermath heading. Good frost tolerance. 
Best used in cold but summer moist areas. Good for 
spring sowing. 

Med- Winter to 1 An older public tetraploid Italian type with strong 
High early spring establishment and good winter activity. Will not tolerate 

drier summer conditions. With summer moisture may 
produce in a second year. 

Med- Winter and 1 Feast is a newer or tetraploid Italian ryegrass selection 
high spring from Concord with a similar heading date. Very high 

quality and animal acceptability. 

Endophyte Status: F =high feral, 
(types available) 

L =low, N =novel 
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Appendix 15.2.3: Cocksfoot - Further Information 
(Source: Cropmark Seeds Ltd- see page 0-5.) 

Table 15.4: Characteristics of Cocksfoot Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar (approx.) 
Grasslands 400mm Low- Mid-spring 5+ A high yielding, G. Kara x G. Wana cultivar with semi-erect to erect 

Vision high to summer growth habit, good winter activity and mid-season flowering. Vision has 
a finer stem and leaf form than Kara but is not excessively dense 
allowing good compatability with other grasses and clovers. Improved 
disease resistance. Well suited to rotational grazing or set stocking. 

Grasslands 400mm Low- Mid-spring 5+ Kara is a winter active, erect, mid-season flowering, non aggressive 
Kara high to summer cultivar well suited to cattle rotational grazing. Kara is not excessively 

dense, allowing good compatability with other grasses and clovers. 
Saborto 400mm Low- Mid-spring 5+ Saborto is a semi-erect mid-season flowering cultivar with moderate 

high to summer winter growth. Susceptible to Cercosporidium (leaf streak) fungus in 
winter - early spring. 

Grasslands 400mm Low- Mid-spring 5+ A mid-season flowering, prostrate growth habit, dense aggressive cultivar 
Wana high to summer with good tolerance to over-grazing and predation by insect pests. A 

useful sheep grazing type. 
Grasslands 400mm Low- Mid-spring 5+ Tekapo is an early flowering, prostrate growth habit, fine-leaved cultivar. 

Tekapo high to summer Susceptible to stripe rust and leaf streak. A sheep grazing, set stocking 
system is recommended. 

Ella 400mm Low- Mid-spring 5+ Ella is a winter-dormant, but summer active, very fine-leaved cultivar 
high to summer with high leaf I stem ratio in summer. Less aggressive type with good 

compatability with ryegrass. Moderate disease resistance. 



Appendix 15.2.4: Tall Fescue- Further Information (Source: Cropmark Seeds Ltd- see page 0-5) 

Table 15.5: Characteristics of Tall Fescure Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 

Cultivar Rainfall Peaks 

Lunibelle approx. Med- Spring to 5+ Lunibelle is a softer-leaved, erect, early-flowering, tall fescue with 
400mm high autumn improved autumn - early winter growth with good resistance to leaf 

diseases. Has lower leaf tensile strength and produces feed high in 
digestibility, metabolisable energy levels and animal acceptability. Best 
suited to rotational grazing. Set-stock for short periods. 

Grasslands approx. Med- Spring to 5+ Grasslands Advance is a broad-leaved, erect, early-flowering cultivar which 
Advance 400mm high summer has a significant yield advantage in winter and spring over Au Triumph. 

0 Selected for high seedling vigour. Best suited to rotational grazing. Set-
stock for short periods. 

Vulcan approx. Med- Spring to 5+ Vulcan is an early-flowering, semi-erect, medium leaf width, shorter, very 
400mm high summer dense type with very soft leaves. Very good resistance to rust. A very 

useful sheep I cattle finishing feed. Can be set-stocked for longer periods 
than the traditional tall fescue cultivars. 

Au approx. Med- Spring to 5+ Au Triumph is a very early-flowering broad-leaved cultivar with high early 
Triumph 400mm high summer spring and summer activity. Once the seed head is removed this cultivar 

stays very leafy through the late spring and summer period. Best suited to 
rotational grazing. Set-stock for short periods. 

Dovey approx. Med- Spring to 5+ Dovey is a very early-flowering broad-leaved, erect, cultivar with very 
400mm high summer quick seedling establishment and high summer yields. 

Grasslands approx. Med- Winter 5+ Grasslands Flecha is a very early-flowering (three weeks earlier than G. 
Flecha 400mm high and Advance), erect cultivar selected for soft leaves, improved winter activity 

spring and early spring growth. It is summer dormant. 
Ceres approx. Low- Summer 5+ A mid-season flowering, fine-leaved, semi-erect, rhizomatous cultivar most 
Torpedo 400mm high suited to sheep grazing systems on lighter, drought-prone, soils. 
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Appendix 15.2.5: Brome Grasses- Further Information 
(Source: Cropmark Seeds Ltd - see page 0-5) 

Table 15.6: Characteristics of Brome Grass Varieties I Species 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 

Cultivar I Rainfall Peaks 
Species (approx.) 

Grasslands 600mm High- Winter to 2-4 A large leaved, short lived, erect, winter active, drought tolerant 
Matua very high autumn cultivar with palatable flower heads. Susceptible to Hessian fly so 
prairie grass unsuitable for more Northern areas. Low tolerance of water-logging, 
(Bromus pugging, or acid conditions. Soil pH of 5.5 or higher required. Seed 
willdenowii) needs treatment with fungicide for head smut disease. Rotational 

graze. 
Ceres Atom 600 mrn High- Winter to 2-4 A more densely tillered, erect, winter active, droughttolerant prairie 
prairie grass very high autumn grass cultivar. Seed needs treatment with fungicide for head smut 
(Bromus disease. Rotational graze. 
willdenowii) 
Grasslands 500mm Medium- Winter 3+ A finer tillered, winter active, drought tolerant, prostrate grass which 
Gala high and tolerates close grazing. Resistant to head smut. Persists on free-
grazing brome summer draining lighter soils but will not tolerate pugging and water-logged 
(Bromus conditions. Susceptible to Hessian fly, so unsuitable for more 
stamineous) Northern areas. 
Bareno 500 mrn High Spring- 3+ A medium tillered, drought tolerant, low winter growth cultivar with 
pasture brome summer high summer activity. Resistant to head smut. Tolerates higher rainfall 
(Bromus than other brome grass species. May be set-stocked or rotationally 
valdivianus) grazed. 



Table 15.6 (continued): Characteristics of Brome Grass Varieties I Species 

Minimum Soil Seasonal Persistence Comments 
Cultivar I Annual Fertility Growth in Years 
Species Rainfall Peaks 

(approx.) 

Grasslands 500mm Medium- Spring- 2-4 A tall, erect, broad leaved, short-lived, winter dormant, summer 
Hakari high summer active brome. Susceptible to head smut so use treated seed. 
upland brome 
(Bromus 
sitchensis) 
Grasslands 500mm Low to Summer 3+ A rhizomatous, erect, laxly tillered, broad leaved, winter dormant, 
Tiki medium summer active brome. Tolerates severe grazing. Good for high 
smooth brome country with cool winters and hot summers. Use fungicide treated, 
(Bromus de-awned seed. 
inermis) 0 
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Appendix 15.2.6: Phalaris - Further Information 
(Source: Cropmark Seeds Ltd- see page 0-5) 

Table 15.7: Characteristics of Phalaris Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar (approx.) 

Ceres 400mm Medium- Autumn to 3+ A dense, fine leaved Australian type with good winter activity. 
Persister high early 

summer 
Grasslands 400mm Medium- Autumn to 3+ Maru is semi-dormant in summer but produces well in winter. Does 
Maru high early best in heavy soils. Tolerates wet soils. 

summer 
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Appendix 15.2. 7: Timothy- Further Information 
(Source: Cropmark Seeds Ltd- see page 0-5) 

Timothy has low drought tolerance and is very susceptible to Argentine stem weevil. Will withstand heavy winter stock treading. 

Table 15.8: Characteristics of Timothy Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar (approx.) 

Grasslands 800mm High Spring to early 3+ Flowers three weeks earlier than G. Kahu. Similar to Kahu in 
Charlton summer terms ofyield. 

Ceres 800mm High Spring to early 3+ Flowers three weeks earlier than G. Kahu. A prostrate, more 
Viking summer densely tillered type. Well adapted for closer grazing. 

Editor's Note: Another cultivar, "Grasslands Kahu", is available for purchase by farmers. 
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Appendix 15.2.8: Yorkshire Fog 
(Source: Cropmark Seeds Ltd - see page 0-5) 

A perennial grass good for wet soils, and tolerates acidic, infertile, low phosphate soils and soils high in aluminium. Will grow in soils with a 
pH as low as 4.5. Commonly used for erosion control and for forestry re-vegetation as well as pasture. The species contains flavanoids and 
condensed tannins at a low level which may help to prevent bloat and aid digestion. In pastures it must be managed to prevent excessive seed 
head and dead material build up. 

Table 15.9: Characteristics of Yorkshire Fog Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar (approx.) 

Massey 500mm Low- Mid-spring to 3+ An older cultivar 
Basyn high mid--autumn 

Melita 500mm Low- Mid-spring to 3+ Melita has higher persistence and summer yields than 
high mid- autumn Massey Basyn. Melita has improved rust resistance. 

Ceres 500mm Low- Mid-spring to 3+ 
Forester high mid--autumn 



Appendix 15.3 

CLOVERS AND OTHER LEGUMES --FURTHER INFORMATION 

The information and tables about clovers and other legumes (pages 0-23 to 0-31) were 
contributed by Cropmark Seeds Ltd, Christchurch (as at January 2001). The information 
contained in the tables was originally provided by a range of New Zealand seed companies. 

Appendix 15.3.1: White Clovers- Further Information 

General 
A perennial legume used in pasture mixes to fix nitrogen and to provide high quality forage. 
Best used on moderate to highly fertile soils. Spreads predominantly by stolons and by 
forming roots at the stolon nodes to form new plants. Regeneration by seed under lax grazing 
also occurs. Lax infrequent grazing is recommended for the large leaved types and close 
frequent grazing for the small leaved types. White clover is susceptible to shading during 
development so do not let newly sown pastures become too rank. If clover root weevil is a 
problem consider using higher sowing rates and additionally add chicory and red clover to the 
mix. Consider also mixing large leaved with medium leaved varieties in the mix, or medium 
and small leaved varieties where this management is required. 

Varieties I Cultivars 
See Table 15.10 (pages 0-24 and 25) for further information about individual varieties I 
cultivars of white clover. 

0-23 
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Table 15.10: Characteristics of White Clover Varieties I Cultivars 
(Source: Cropmark Seeds Ltd - see page 0-23) 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar (approx. 
mm) 

A ran 600 Medium Spring to 3+ Very large leaved type. Very high summer and autumn yield. Rapid 
-high mid- establishment. Suited to dairy and rotational grazing systems. Has higher 

autumn forage levels of cyanogenic cyanide which may provide some resistance 
to slug damage and aid persistence. Susceptible to sclerotinia. 

Will Ladino 600 Medium Spring to 3+ Very large leaved, very upright, strongly tap-rooted Ladino type. High 
-high mid- summer yield. Heat tolerant. Very good tolerance to root knot nematode 

autumn and tolerance to stem nematode. Best suited to summer moist or irrigated 
dairy or beef rotational graiing systems. 

Grasslands 600 Medium Spring to 3+ Large leaved type. High yields annually with improved spring-autumn 
Kopuii -high mid- growth. Good for dairy or rotational beef systems. 

autumn 
Grasslands 600 Medium Spring to 3+ Medium to large leaved type. Bred in Northland for winter growth and 
Challenge -high mid- improved disease resistance. Good for high fertility dairy or rotational 

autumn beef systems. 
Grasslands 600 Medium Spring to 3+ Large leaved, upright type. High yielding with improved winter growth. 
Kopu -high mid- Good for high fertility dairy or rotational sheep/beef systems. Some 

autumn tolerance to stem nematode. 
Grasslands 500 Medium Spring to 3+ Medium -large leaved type. Older cultivar released in 1975 with 
Pit au -high mid- improved winter growth. Now superseded. Good for dairy use. 

autumn 
Grasslands 500 Medium- Early 3+ Medium - large leaved type. A newer cultivar with high winter yields and 
Sustain high spring to higher stolon density than that found in other larger leaved types. Useful 

mid- for high fertility dairy, beef, sheep systems. 
autumn 



Table 15.10 (continued): Characteristics of White Clover Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar (approx. 
mm) 

Grasslands 500 Medium Spring to 3+ Medium - large leaved type. Early flowering. High stolon density and 
NuSiral -high mid- thickness for improved persistence. A new cultivar bred in Australia for 

autumn improved tolerance of hot dry conditions. Cun-ently (2002) being tested in 
NZ trials. Early indications are for high spring & summer yields. 

Grasslands 500 Low Spring to 3+ Medium leaved type. Bred for improved persistence. Has superior spring 
Demand - high mid- to summer yield compared to Huia and long, more densely branched 

autumn stolons. Has good tolerance of most leaf diseases. A general purpose type 
for dairy, sheep, cattle and deer. Performs well under cool moist 

0 conditions as well as in northern regions. 
Grasslands 500 Low- Spring to 3+ Medium leaved type. Huia was first produced in 1957. Now superseded. A 
Huia medium mid- sheep I beef type. 

autumn 
Grasslands 600 Low Early 3+ A small-medium leaved type. Early flowering. Bred in Northland for 
Prestige -high spring to improved winter activity in warmer climates. High stolon density. Good 

mid- field tolerance to clover flea, stem nematode, and pepper spot. High levels 
autumn of Nitrogen fixation. Performs well under dry, close grazed, hill sheep I 

beef I deer conditions. Good for summer dry dairy. 
Grasslands 600 Low Late Sp. 3+ Small leaved, very high stolon density, prostrate type. Well adapted to 
Tahora to mid- moist hill country set stocked systems. 

autumn 
Prop 500 Low- Spring to 3+ Small leaved, very high stolon density, prostrate type. Flowers 20 days 

medium mid- earlier than Tahora or Huia. Can set seed in spring or early summer before 
autumn conditions become dry allowing the possibility of re-establishment from 

seed. Good resistance to stem nematode and sclerotinia. Good for summer 
dry hill country. 
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Appendix 15.3.2: Red Clovers - F!Urther Information 
(Source: Cropmark Seeds Ltd- see page 0-23) 

A short-lived tap-rooted legume used in pasture mixes to provide high quality summer forage. Flowers later than white clover. May persist 
2-4 years in mixed pastures and up to 5 years under favourable conditions. Performs best under low stocking rates, long summer rotations, or 
hay production. Red clovers contain phyto-oestrogens so should not be fed as a pure sward to breeding stock immediately prior to and during 
mating. Highly preferred by deer. Tetraploid types usually have larger leaves but their larger florets cause difficulty with pollination, leading 
to poorer seed set and poor re-establishment. Spreading types need lax grazing to allow development of daughter plants from horizontal 
stems. Mixes well with specialist herbs, such as a winter-active chicory. 

Table 15.11: Characteristics of Red Clover Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar (approx. 
mm) 

Grasslands 600 Medium Autumn 3-6 Colenso is an early flowering, diploid, more persistent, broad red type 
Colenso -high & spring with good winter activity and good stem density. Medium-low phyto-

oestrogen levels. Use in most pasture mixes but also a good companion to 
brome grasses. Shows good heat tolerance. 

Grasslands 600 Medium Spring to 2-3 Also known as "Broad Red" or "NZ Cow Grass". Early flowering diploid 
Hamua -high autumn dairy pasture type. Higher phyto-oestrogen levels. Low stem density. Less 

persistent than other red clovers. 
Grasslands 600 Medium Spring to 3-7 Very early flowering, diploid, hay or pasture type. Very erect. Medium-
Sensation -high autumn low phyto-oestrogen levels. 
Astred 500 Low to Spring to 3-7 Early flowering, diploid, spreading, prostrate type. Lower phyto-

high autumn oestrogen levels. Good winter activity. 
Pacl9 650 Medium Spring to 3-7 Early flowering, tetraploid, hay type. Higher phyto-oestrogen levels. A 

to high autumn slightly more persistent cultivar. 



Table 15.11 (continued): Characteristics of Red Clover Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar (approx. 
mm) 

Grasslands 600 Low to Late 2-3 Late flowering, diploid, dense, semi-prostrate type. Also known as 
Turoa high spring to "Montgomery Red". Spring growth occurs 3 weeks later than Colenso. 

autumn Higher phyto-oestrogen levels. 
Grasslands 650 Medium Late 3-6 Late flowering, tetraploid, re-selection of Pawera. G27 has 40% lower 
G27 -high spring to levels of formononetin (a phyto-oestrogen) than Pawera, is more prostrate 

autumn and has smaller leaves and shorter stems than Pawera. Can be close 
grazed. Susceptible to leaf pepper spot. 

Grasslands 650 Medium Late 3-6 Late flowering, tetraploid, erect, grazing or hay type. Higher phyto-
0 Pawera -high spring to oestrogen levels. Sow at 10-12 kg/ha if used solely for hay production. 

autumn Winter dormant. Good drought tolerance. 
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Appendix 15.3.3: Subterranean Clover- Further Information 
(Source: Cropmark Seeds Ltd- see page 0-23) 

Annuals, mostly suited to acid soils, and which regenerate from seed. Seed is buried under the solid surface and regenerates with autumn 
rains. Use in areas of low rainfall with dry summers. Late varieties give better spring growth. In the first year after establishment maximise 
re-seeding by de-stocking at flowering until growth has dried off. After germination de-stock until lateral roots are running. 

Table 15.12: Characteristics of Subterranean Clover Varieties I Cultivars 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar (approx. 
mm) 

Denmark 600+ Low to Spring & 1 Denmark is a cool season active, late heading, low oestrogen type. Has 
medium autumn low levels of hard seed. Has resistance to clover scorch, phytopthora root 

rot and pythium. 
Goulburn 550+ Low to Spring & 1 Cool season active, late heading, low oestrogen, prostrate type. Produces 

medium autumn a very high seed yield and has high levels of hard seed to aid persistence. 
Resistant to clover scorch, leaf rust and phytopthora root rot. 

Leur a 650+ Low to Spring & 1 Leura is a cool season active, late heading, low oestrogen type. Has low 
medium autumn levels of hard seed. Has resistance to leaf rust, clover scorch, powdery 

mildew, phytopthora root rot and clandestina. 
Mt Barker 550+ Low to Spring & 1 Mount Barker is mid to late maturity, with very low hard seed levels. 

medium autumn Now outclassed by newer varieties. Susceptible to phytopthora root rot. 



0 

Appendix 15.3.4: Other Legumes - Further Information 
(Source: Cropmark Seeds Ltd - see page 0-23) 

Seed is best shallow-sown and must be inoculated with specific rhizobia! strains for successful establishment. Generally they provide very 
high feed quality. The lotus species are perennial and contain condensed tannins which can significantly improve stock performance. 

Table 15.13: Characteristics of Other Legume Varieties I Species 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar I (approx. 
Species mm) 

Grasslands 500 Low to Spring to 5+ A drought tolerant tap-rooted legume best suited to free draining soils. 
Goldie high mid- Tolerates acid soils. A very high M.E. value feed for stock finishing 
birdsfoot autumn and for dairy cows. Highly preferred by deer. The leaves contain 
trefoil condensed tannins that protect protein in the rumen and prevent bloat, 
(Lotus reduce dags and flystrike on sheep and help control internal parasites. 
corniculatus) Ideally sown alone as a special purpose feed. Usefully mixed with 

Maku to aid forest tree growth. Very competitive against Hieracium in 
high country under controlled grazing. 

Grasslands 600 Medium Summer 5+ A diploid L. pedunculatus. A rhizomatous perennial legume which will 
Sunrise Lotus to high to tolerate acid and low fertility soils where clover is unsuccessful. Non 
(Lotus autumn bloating and contains condensed tannins. More prostrate and tolerant of 
pedunculatus) hard grazing than Maku lotus. 
Grasslands 800 Low to Summer 5+ A tetraploid L. pedunculatus. A rhizomatous perennial legume, with an 
Maku Lotus high erect habit and is best used in wet infertile soils. Will tolerate a pH as 
(Lotus low as 4.2 and is shade tolerant. Contains condensed tannins. Good for 
pedunculatus) swampy areas under lax infrequent grazing. 
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Table 15.13 (continued): Characteristics of Other Legume Varieties I Species 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 

Cultivar I Rainfall Pe{Jrks 
Species (approx. 

mm) 
En dura 500 Medium Spring to 5+ A very slow establishing, strongly rhizomatous, tap rooted, perennial 
Caucasian to high summer legume. Once established, Caucasian clover offers strong spring and 
clover summer growth and is very tolerant of grass grub attack. Winter 
(Trifolium dormant. Under drought conditions it becomes dormant to persist. 
ambiguum) 
Grasslands 700 Low to Spring 5+ A prostrate, small leaf size variety, spreading by stolons or by re-
Onward medium seeding. Tolerates low phosphate, wet, or saline soils better than white 
strawberry clover. Useful under set-stocked conditions. Often used near coastlines 
clover or river estuaries. Lower seedling vigour than white clover. Low phyto-
(Trifolium oestrogen levels. 
fragiferum) 
Alsike clover 600 Low to Spring to 2+ A lower yielding species generally used in tussock hill country under 
(Trifolium medium autumn wet, cold, acid, and low fertility soil conditions. It will tolerate hot dry 
hybridum) conditions under lax grazing. Persists under very cold conditions. 
Leeton Persian 600+ Medium Early 1 A thick fleshy, hollow stemmed, soft seeded, highly productive annual 
clover to high autumn legume. Suits moderate to high rainfall areas or where irrigated. 
(Trifolium to late Performs best with mild winters. Tolerates wet acid soils. 
resupinatum spring 
ssp majus) 



Table 15.13 (continued): Characteristics of Other Legume Varieties I Species 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 
(approx. 

Cultivar I mm) 
Species 

Bolta Balansa 600 Medium Winter 1 A self regenerating annual that survives by producing large amounts of 
clover to high to spring hard seed. Bolta is hollow stemmed, semi-prostrate, with low levels of 
(Trifolium formononetin. Most growth occurs in the cooler months through to 
balansae) spring. Tolerant to water-logging. Good for hay. 

Grasslands 600 Low to Spring 1 A winter hardy legume with prolific spring growth. Used to improve the 
Vetch Blend high quality of cereal green feeds and silage, as a forestry ground cover, or as 

0 (Viccia villosa a green manure crop. Tolerates acid to alkaline soils. Persists through 
& Viccia soil seed-bank build-up. 
benl;halensis) 



APPENDIX 15.4 

FORAGE HERBS -- FURTHER INFORMATION 

The information and tables about forage herbs were contributed by Cropmark Seeds Ltd, 
Christchurch (as at January 2001 ). The information contained in the tables was originally 
provided by a range of New Zealand seed companies. 

General 
Forage Herbs are generally used as an additive to pasture mixes, but may be used to provide 
specialised summer- autumn finishing feeds in mixtures with grasses such as timothy. They 
are generally deeper rooted and heat tolerant and can provide high quality beneficial feed to 
the grazing animal. 

Chicory: Chicory is a summer active, highly palatable perennial herb which is regarded as a 
valuable addition to most pasture seed mixes. Chicory has broad leaves and a long thick tap
root with an exposed crown. The crown regenerates shoots which in tum develop their own 
roots. This crown can be damaged by heavy winter treading and over-grazing. Chicory will 
tolerate a wide soil pH range but grows best in a range of pH 5.5-6.0. Chicory is often used to 
help prevent summer root-pulling of ryegrass based pastures. Chicory is best shallow sown 
and when soil conditions are warm. When used in finishing mixtures chicory should always 
be sown with a suitable legume such as red and white clover or lotus. 

Plantain:Plantain is a palatable, mineral rich perennial herb with a deep fibrous root system 
enabling good heat and drought tolerance, and which is generally recommended for use in 
lower fertility dry land pasture mixes. It is slightly tolerant to grass grub damage, will tolerate 
low phosphorus and potassium soils and grows within a broad soil pH range of 4.2- 7.8. It 
will not tolerate swampy soils. Often used with chicory for use in deer mixtures. It has nearly 
twice the uptake of Selenium and triple that of Copper compared to rye grass and provides 
higher levels of Calcium, Sodium and Zinc in the diet to the grazing animal. 

Varieties I Cultivars 
See Table 15.14 (over page) for further information about specific varieties I species of herbs. 
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Table 15.14: Characteristics of Forage Herb Varieties I Species 
(Source: Cropmark Seeds Ltd- see page 0-32) 

Minimum Soil Seasonal Persistence Comments 
Annual Fertility Growth in Years 
Rainfall Peaks 

Cultivar I (approx. 
Species mm) 
Chico 500 Medium Early 3 A cool season active chicory with very high summer yield potential. Has 
chicory -high spring to an upright growth habit and wide leaves. Noted for fast establishment and 

mid- widely used in areas prone to occasional summer dry to provide highly 
autumn digestible feed. Lower growing point than Grouse. 

Grasslands 500 Medium Spring to 3 A winter dormant but summer active cultivar. Can produce very high 
Puna -high Autumn summer yields of high digestibility. Is broad leaved and drought tolerant. 
chicory 
Grouse 500 Medium Mid- 3 A very upright, cool season active chicory with high summer yields. 
chicory -high spring to Grows well into late autumn if soil moisture is sufficient. Displays large 

late uniform sized leaves. 
autumn 

Tonic 500 Low to Flattened 3 A summer active cultivar displaying strong autumn to winter growth. It is 
plantain high growth very erect, with a very large leaf size and medium tiller numbers. Shows 

curve rapid establishment. Highly preferred by cattle, but is also acceptable to 
other grazing animals. 

Grasslands 500 Low to Spring to 3 A summer active, but winter dormant cultivar with a semi-erect growth 
Lance lot medium autumn habit, medium to large leaves and high tiller numbers. Freely produces 
plantain seed heads throughout summer to autumn which if allowed to progress to 

the dry seed stalk stage will become unpalatable. 



APPENDIX 15.5 

PASTURE GROWTH RATES FOR NEW ZEALAND SITES 
-FURTHER INFORMATION 
(Contributed by D. Moot, Plant Science Group, Lincoln University) 

The following sections contain details of some sites used to measure pasture growth rates. 
The growth rate data itself can be found in Section 3.11.2.2, pages C-51 to 57. 

Appendix 15.5.1: North Island Sites- Further Information 
(see pages C-52 & 53) 

Dargaville 
The trial site at Dargaville was 20 m above sea level on the Kaipara Flats, where the soil is a 
gley estuarine (Kaipara clay). In general, the Kaipara clay holds water near or on the surface, 
preventing substantial drying out in summer, but in winter waterlogging can reduce potential 
pasture growth. 

Pasture production was measured from 1949 - 1961 on a pasture that was originally 23 
years old. Pasture species consisted mainly of perennial rye grass, paspalum, poa and white 
clover. The paspalum is a sub-tropical drought-resistant species that allows summer 
production while the temperate ryegrass, poa species and white clover enable winter 
production where there is no waterlogging. 

Annual fertiliser applications were made of 3 70 kg/ha serpentine superphosphate and 630 
kg/ha lime. Pasture was rotationally grazed by 1. 7 dairy cows/ha. 

The climate has heavy winter rainfall, averaging 135 mm in May, 140 mm in June, and 
130 mm in July. Rainfall drops to an average of76 mm in December and 69 mm in March. 
Average temperatures in summer and winter are very warm in relation to New Zealand's 
climate. In general, the Northland region is moist and warm with a moderately high mean 
annual rainfall (1220 mm). Rainfall is light in summer and heavy in winter when the water 
vapour pressure, air temperature, and relative humidity are higher than anywhere in New 
Zealand. 

In January (18.5°C) and February (19.2°C) summer temperatures peak but they only drop 
to 1 0.3°C in July and ll.0°C in August. 

On average, annual pasture production was 15% in winter, 30% in spring, 33% in 
summer and 22 % in autumn. 

Helensville 
The Helensville trial site was at the South Head of the Kaipara Harbour (Otakinini) about 
12 km north ofHelensville, on a Red Hill sandy clay complex soil. 

Pasture production was measured from 1964 - 1973 on an area that had been in pasture for 
30+ years. Pasture species consisted mainly of perennial ryegrass, white and subterranean 
clovers with some paspalum, cocksfoot, browntop, sweet vernal and ratstail. 

Annual fertiliser applications were made of300- 500 kg superphosphate/ha. 
Pasture was continuously grazed with a mean rate of28 wether hoggets/ha. Cuts were 

made at 14-day intervals unless summer drought or winter cold curtailed grmvth. 
The climate has heavy winter rainfall, averaging 137 mm in May, 145 mm in June and 

140 mm in July and August. Rainfall drops to 71 mm in January. Average temperatures in 
summer and winter are very warm in relation to New Zealand's climate. In January (17.8°C) 
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and February (18.9°C) summer temperatures peak but they only drop to 10.1 °C in July and 
10.9°C in August. 

On average, annual production was 14% in winter, 37% in spring, 24% in summer and 
25% in autumn. Winter growth is generally stable and significant because of the warm 
temperatures. 

In general, the Otakinini pastures are exposed to windy conditions and have low moisture 
retention. Coupled with moderately high populations of black beetle, these conditions can 
intensify summer drought. 

Rukuhia (Hamilton) 
The trial site at Rukuhia was 66 m above sea level on a volcanic ash soil (Hamilton clay 
loam). 

Pasture production was measured from 1954 - 1970 on a pasture that was originally four 
years old. Pasture species included perennial ryegrass, white clover, poa, cocksfoot, 
browntop, sweet vernal and Yorkshire fog. 

Annual fertiliser applications were made of 370 kglha superphosphate and lime to 
maintain a pH of 5.6 - 6.2. 

Cuts were made at 14-day intervals unless drought extended this to 28 days. 
The climate has heavy winter rain; June 137 mm, July 127 mm and August 172 mm, but 

this drops to 71 mm in January and 86 mm in February and March (soil moisture deficits can 
occur in summer). Average temperatures in summer are very warm at 18.4°C in January and 
19.0°C in February (summers are humid). In winter, average temperatures are warm at 9.3°C 
in June and 8.5°C in July. 

On average, annual production was 13% in winter, 44% in spring, 25% in summer and 
18% in autumn. Pasture growth was low in January and February but high summer 
temperatures rather than soil moisture deficits were assumed to be the cause. Low growth in 
autumn was attributed to soil moisture deficits compounded by low water holding capacity of 
the soil. 

Manutuke (Gisborne) 
The trial site at Manutuke was 9 m above sea level on a recent, fertile, alluvial silt soil near 
Gisborne. 

Pasture production was measured from 1945 - 1972. Throughout the trial, pasture species 
remained consistent with rye grass and white clover dominant. Traces of Yorkshire fog, 
cocksfoot and poa were found and increased during lenient winter grazing in two of the years. 

Stocking rates were high by district standards and were adjusted throughout the trial, but a 
cover of 2 - 10 em was maintained. Pasture was grazed intermittently from May to July by 
ewes in lamb and then continuously from August to December. 

From 1945 - 1954, 250 kg/ha of superphosphate was applied annually. From 1955 - 1966 
no fertiliser was considered necessary but soil tests in 1966 showed declining phosphate 
levels. Sulphurised superphosphate was applied (375 kg/ha) from 1966 - 1969. 

The region's rainfall is generally unreliable but well spread throughout the year. On 
average, late autumn or winter are wettest (soils may become water-logged) and soil moisture 
deficits are common in January and February. Average daily temperatures in summer are 
high, reaching l8°C and drop to a warm winter mean of 8.9°C in July. 

On average, pasture production was 17% in winter, 35% in spring, 25% in summer and 
23 % in autumn. Clover production was low throughout the year, including summer, which 
suggests nitrogen levels were sufficient for grass growth throughout the year. During summer 
the variable rainfall is probably the most limiting factor to pasture growth and soil 
temperatures less than 1 0°C limit winter growth. 
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Gisborne Hills 
The trial site was at the W aerengaokuri Soil Conservation Reserve, 314 m above sea level 
(cool) and 19 km west of Gisborne. The measurement area was almost flat at the base of a 
10-15° southerly hill slope. The soil is a yellow-brown pumice, classified as a Gisborne sandy 
loam, derived from free-draining hyolitic ash which overlay less permeable mudstone that 
caused some waterlogging in winter. 

The pasture "had been established for many years" before measurements were made from 
1974- 1982. The low Olsen phosphate level (8 - 11) probably led to the dominant pasture 
species being browntop, sweet vernal, perennial ryegrass and white clover. 

Annual fertiliser was superphosphate at 37 5 kg/ha from 1968 - 1971 then none until 1981 
when 350 kg/lm potassic superphosphate was applied. 

The sward was grazed by sheep and cattle at 18.5 SU/ha from 1974- 1978, when it was 
part of an intensive experiment, and 6-9 SU/ha thereafter. 

The average annual rainfall was 1411 mm (adequate summer rainfall) and average air 
temperature ranged from 7.8°C in June to 17.1 in February. 

Pasture production was 33 %in spring, 35% in summer, 25% in autumn and 7% in 
winter based on the 14 day cutting cycle. 

Maraekakaho (Hastings) 
This trial site was at Maraekakaho 120 m above sea level and 20 km west of Hastings, on a 
yellow-brown loam (Takapau light silt loam). 

Pasture production was measured from 1953 - 1961 on a pasture that was originally two 
years old. The pasture consisted mainly of perennial rye grass and subterranean clover with 
storks bill and other weeds invading. 

Annual fertiliser applications of 150 kg/ha superphosphate were made. 
The pasture was grazed by sheep and cattle at a stocking rate of 8 to 10 ewe equivalents/ha 

and was spelled when necessary in summer and winter. 
The Hawkes Bay has a sunny climate with average daily temperatures of 19 .2°C in 

January and 19.6°C in February. Winters are mild with temperatures down to 8.8°C in June 
and 7.9°C in July. Rainfall is extremely variable with cyclones possible. From October to 
March soil moisture deficits can occur and are common in January. 

On average, annual production was 16% in winter, 46% in spring, 16% in summer and 
22 % in autumn. Light soils, high evapotranspiration rates and low summer rainfall combine 
often to produce drought conditions in summer. White clover does not survive these 
conditions and subterranean clover becomes the predominant legume. If autumn rain does not 
continue germinating seedlings do not persist in the sward. 

Wairakei ·flat 
The flat valley floor trial site was 402 m above sea level on a silty sand textured soil 
(Atiamuri sand). 

Pasture production was measured from 1964 - 1971 on a pasture that was originally two 
years old. The pasture consisted mainly ofbrowntop, sheep's sorrel, and white clover, with 
some perennial ryegrass and cocksfoot. 

Annual fertiliser applications were made of350 kg/ha of cobalt serpentine superphosphate 
until 1968. From 1968 - 1971, 30 %potassic superphosphate was applied annually. 

The pasture was grazed at about 7 sheep/ha for the trial duration. 
Cuts were made at 14-day intervals except during droughty periods in summer and autumn 

with no cuts between late-autumn and early-spring. 
In general, the Central Plateau is characterised by its elevation, high mountain ranges to 

the south and exposure to prevailing westerly winds. Spring temperatures are generally slow 
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to rise, summers and autumn have wide day I night temperature fluctuations, and winters are 
cloudy, cool and wet. Average temperatures in summer are warm at 16.3°C in January and 
February. Winter is characterised by severe frosts with cool mean temperatures down to 6.0°C 
in July. The climate is cool with severe frosts (to -9°C) possible in any month, although most 
occur between April and October. Average rainfall is extremely variable in distribution but 
generally winter rainfall is higher than summer rainfall. Importantly, once the soil dries out 
during spring and autumn, it becomes naturally resistant to wetting and this intensifies 
summer drought. 

On average, annual production was 8% in winter, 38% in spring, 37% in summer and 
17 % in autumn. Autumn production was significantly correlated with summer rainfall. Of 
note was the dominance ofbrowntop by the end of the trial (43% of annual production). Soil 
moisture deficits may limit the ryegrass in favour ofbrowntop in this environment. 

In general, this flat land site produced less that the equivalent hill country site (see below). 
The difference was probably caused by a lower mean soil moisture content of the Atiamuri 
sand, particularly during summer and autumn. 

Wairakei- hill 
The rolling hill crest trial site was 488 m above sea level on soil derived directly from ash 
from Taupo eruptions (Oruanui sand). 

Pasture production was measured from 1964 - 1971 on a pasture that was originally eight 
years old. The pasture consisted mainly of perennial ryegrass, cocksfoot, and white clover 
with some Yorkshire fog and crested dogstail. In most years 45 % of the annual yield was 
ryegrass, 25 % white clover and 40 % from other grasses. 

Annual fertiliser applications were made of 350 kglha of cobalt serpentine superphosphate 
until1968. From 1968- 1971 30% potassic superphosphate was applied annually. 

The pasture was grazed at about 12 ewes/ha for the trial duration. Cuts were made at 
14 day intervals except during droughty periods in summer and autumn with no cuts between 
late-autumn and early spring. 

The climate is cool with severe frosts (to 9°C) possible in any month, although most occur 
between April and October. Average temperatures in summer are at 16.3°C in January and 
February. Winter is characterized by severe frosts with cool mean temperatures down to 6.0°C 
in July. Average rainfall is extremely variable in distribution but generally winter rainfall is 
higher than summer. 

On average, annual production was 8% in winter, 38% in spring, 37% in summer and 
17 % in autumn. Autumn production was significantly correlated with summer rainfall. 

In general, this hill site produced more dry matter than an equivalent flat land site at 
Wairakei. This greater production was probably caused by higher soil moisture content in the 
Oruanui sand during summer and autumn. 

Stratford 
The Stratford area of central Taranaki is characterised by an undulating land form of 475-200 
m a.s.l. from west to east away from Mt Egmont. The soil is a deep volcanic yellow brown 
loam, known as a Stratford coarse sandy loam. 

Pasture growth was measured from 1973 - 1981 on the Stratford Demonstration Farm (311 
m.a.s.l.) for long-standing perennial ryegrass I white clover swards that included browntop, 
Yorkshire fog and poa. 

Annual fertiliser consisted of 500 kglha superphosphate and 250 kglha of KCl, applied in 
three dressings, to maximise potassium usage. 

Grazing was predominantly by dairy cattle on a rotational basis with no attempt to 
synchronise cutting and grazing management. 
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The average annual rainfall was 1980 mm on 161 days with 22 days of soil moisture 
deficit. The average air temperature ranged from 11 °C in June I July to 22°C in February. 

For both 14 and 28 day cutting regimes about 40% of production was in spring, 30% in 
summer, 20 % in autumn and 10 % in winter. The commencement of growth in September 
varied markedly between years. 

Hawera 
The trial site was at the Waimate West Demonstration Farm, 18 km west ofHawera, which is 
90 m above sea level. 

The soil is a volcanic yellow-brown loam, Egmont brown loam. 
The 30+ year old pasture consisted mainly of perennial ryegrass, white clover and traces 

of prairie grass, cocksfoot and poa, and was measured from 1973 to 1981. 
The pasture averaged 17 grazings by dairy cows per year at a whole farm stocking rate of 

4.2 cows/ha. 
Annual fertiliser application before 1977 was about 400 kg/ha of 3 0 % potassic 

superphosphate with dressings of 100 kg KCllha when necessary. 
The average annual rainfall was 1218 mm and temperatures ranged from 12.0°C in June to 

22°C in February. 
The average annual yields were 10 670 kg DM/ha for the 14 day and 13 150 kg DM/ha for 

the 28 day cutting cycle. Seasonal production was 46 and 36% in spring, 26 and 29 % for 
summer and 18 and 23% for autumn on 28 and 14-day cycles, respectively. 

Marton 
The trial site at Marton was 141 m above sea level on central yellow-grey earth (Marton silt 
loam). Pasture production was measured from 1954 - 1966 on a pasture that was originally 
three years old and sown with ryegrass and white clover. 

Annual fertiliser applications were made of375 kg/ha superphosphate and occasional 
dressings of 630 kg/ha lime and 125 kg/ha potash. 

Pastures were closely grazed by sheep and cuts were made at 14 day intervals except over 
winter when the period was extended. 

The climate at Marton is characterised by autumn days which are warmer and more humid 
than spring (March 15.4°C, October 11.7°C) and growth may be rapid if rainfall is adequate. 
Winters are mild. At Marton, most rain falls during winter and soil moisture deficits are 
normal in February when average temperature reaches 17.2°C. Average monthly rainfall 
ranges between 70 and 100 mm with an annual average of 1019 mm. 

On average, pasture production was 12% in winter, 38% in spring, 27% in summer and 
23 % in autumn. The pasture production at Marton reached a maximum growth rate in 
September-October but was limited by summer soil moisture deficits. 

Bulls 
The Bulls trial site at Flock House was 9 m above sea level on a sandy soil (Rangitikei loamy 
sand). 

Pasture production was measured from 1951 - 1958 on a pasture that was at least four 
years old originally. Throughout the trial perennial ryegrass and white clover were dominant 
with some Yorkshire fog, cocksfoot and red clover. 

Annual fertiliser applications were made at 250 kg/ha super phosphate. 
The pasture was grazed by both sheep and dairy cows. Cuts were taken at 14-day intervals 

except during dry spells when 28 day cuts were taken. 
The climate at Flock House is characterized by prevailing westerly winds, especially in 

spring, and when September rainfall is low soil moisture can be seriously depleted. 
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Autumn days have higher temperatures and humidity than spring (March 16.4°C, October 
12.4°C) and growth can be rapid if rainfall is adequate. At Flock House, rain falls mostly 
during winter and soil moisture deficits are normal in February when average temperature 
reaches 18. 0°C. Average monthly rainfall ranges between 60 and 80 mm with an annual mean 
of only 880 mm. 

On average, pasture production was 12% in winter, 38% in spring, 27% in summer and 
23% in autumn. The pasture production at Flock House peaked in October- November but 
was limited by soil moisture. 

Masterton 
The trial site at Masterton was 91 m above sea level on a strongly gleyed yellow-grey earth 
(Kokotau silt loam). 

Pasture production was measured from 1968 - 1973 on a pasture that was originally one 
year old. The pasture consisted mainly of 'Grasslands Ariki' ryegrass, browntop and white 
clover with some crested dogstail, poa and subterranean clover. 

Annual fertiliser applications were made of 125 kg/ha superphosphate and sufficient lime 
to maintain a pH of 6.5. Molybdenum was applied when the pasture was established. 

Pasture was set stocked at 22 sheep/ha for the trial duration. 
Cuts were made at 21 day intervals except during droughty periods in summer and 

autumn, when growth rates were averaged over 28 days. 
The climate has moderately cold winters dropping to 7.8°C in June and 7.3°C in July but 

pasture does grow during winter when 30% of the annual rainfall falls. Drought and dry 
spells often reduce pasture growths in late spring, summer and autumn. Dry spells are 
accentuated by hot dry northwest winds with soil moisture deficits common in February. 
Average temperatures in summer are very warm at 17.7°C in January and 17.1 °C in February 
(wide fluctuations are experienced). Rainfall in February (58 mm) is about half that of May 
(102 mm), June (107 mm) and July (102 mm). 

On average, annual production was 16% in winter, 46% in spring, 16% in summer and 
22 % in autumn. This production pattern highlights the summer moisture stress and the spring 
peak. 
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Appendix 15.5.2: South Island Sites - Further Information 
(See pages C-54 to 57) 

West Coast· General information 
The West Coast of the South Island has a mild, humid to sub-humid climate. Rainfall is 
abundant and well-distributed with relatively high sunshine hours. Most pastoral farming is 
carried out on alluvial soils of river-flats and terrace lands. Approximately 200 000 ha of 
undeveloped gley podzol soils have severe limitations for pasture use. These soils are very 
wet and acid, very low in mineral fertility, and drainage is generally impeded by cemented 
gravelly sediments in the subsoil. Areas of these soils are known locally as 'pakihi' and can 
be established into ryegrass - white clover pasture by suitable drainage, heavy dressings of 
lime and superphosphate with additions of copper, molybdenum, and sulphur. 

Westport 
The trial site at Westport was 60 m above sea level on a lowland podzolised yellow-brown 
earth (Addison soil). 

Pasture production was measured from 1967 - 1973 on a pasture that was originally three 
years old. Species included perennial rye grass, crested dogstail, Yorkshire fog, poa and white 
clover. 

Annual fertiliser applications were made of 33 %potassic cobaltised lime-reverted 
superphosphate (1000 kg/ha), with additions oflime in 1966 (1250 kglha) and 1972 (2200 
kg/ha). 

Pasture was grazed by 13 hoggetslha from November to March and this increased to 30 
hoggetslha from November to March to contain growth. Cuts were made at 21 day intervals, 
from early August until May. 

The average annual rainfall of 2152 mm is very high and averages over 150 mm of rainfall 
each month. The average temperature ranges from a warm l6.8°C in February to a mild 8.0°C 
in July. 

On average, pasture production was 11 %in winter, 27% in spring, 44% in summer and 
18% in autumn. Perennial ryegrass reached peak growth rates in February-March and 
contributed 40 % of its annual yield during summer. An abundance of clover and the pattern 
of rye grass growth suggest nitrogen may be limiting pasture growth. Nitrogen will be leached 
by the heavy rainfall and this may cause a delay in grass growth until the clover has 
replenished soil nitrogen levels. 

From May to September, water-logging of the soils lowered soil temperatures and reduced 
aeration and decomposition of organic matter (possibly leading to reduced pasture growth). 

Greymouth 
The trial site at Greymouth was at Ahaura 32 km north-east ofGreymouth about 100m above 
sea level on a yellow brown earth (Ahaura stony silt loam). The soil is strongly acid, low in 
mineral fertility and freely drained. 

Pasture production was measured from 1974 -1980 on a pasture that was originally six 
years old. 

Pasture species included perennial ryegrass, cocksfoot, rested dogstail, browntop, sweet 
vernal, and white clover. 

Annual fertiliser applications were made of 400 - 500 kglha of 30 %potassic 
superphosphate with a single application of 2.5 tlha oflime in 1972. 

Pasture was set stocked during winter and spring and rotational grazed during summer and 
autumn. Cuts were made at four weekly intervals throughout the year. 
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The climate is characteristic of the coastal strip. Rainfall is frequent and heavy with 
sunshine hours comparatively high. The average annual rainfall of 1989 mm is very high and 
averages over 110 mm each month. No seasonal pattern of rainfall is apparent with January, 
May, July and December all averaging over 200 mm of rainfall. 

On average, pasture production was 5% in winter, 40% in spring, 36% in summer and 
19 % in autumn. The winter and early spring growth appears limited by the high rainfall, low 
temperature and soil nitrogen deficiency. 

Nitrogen will be leached by the heavy rainfall and this may cause a delay in grass growth 
until the clover has replenished soil Nitrogen levels. The effects of water-logging were 
reduced by the freer drainage of the stony terrace soils. 

Hokitika 
The trial site at Hokitika was at Kowhitirangi 14 km south ofHokitika and 30m above sea 
level on agley recent soil (Hari Hari silt loam). 

Pasture production was measured from 1974- 1980 on a pasture that was originally four 
years old. Pasture species included perennial ryegrass, timothy, poa, Yorkshire fog and white 
clover. 

Annual fertiliser applications were made of 10% serpentine superphosphate at 375 kg/ha 
and lime at 2.5t/ha was applied in 1973. 

Pasture was grazed at irregular intervals, mainly by cattle. 
The average annual rainfall of3617 mm is extremely high and averages at least 210 mm 

per month. Spring rainfall (October-January) averaged over 320 mm. Minimum daily grass 
temperatures show ground frosts occur from June to August with definite seasonal patterns. 

On average, pasture production was 4% in winter, 37% in spring, 38% in summer and 
21 %in autumn. The winter and early spring growth appears limited by the high rainfall, low 
temperature and soil nitrogen deficiency. Nitrogen will be leached by the heavy rainfall and 
this may cause a delay in grass growth until the clover replenishes soil nitrogen levels. 

Motueka 
The trial site at Motueka was 140 m above sea level on a lowland yellow-brown earth 
(Rosedale hill soil). 

Pasture production was measured from 1967 - 1973 on a pasture that was originally five 
years old. Throughout the trial period ryegrass and white clover dominated the pasture. 

Annual fertiliser applications were equivalent to 750 kg/ha superphosphate, 188 kg/ha 
sulphur superphosphate and 125 kg/ha potassium chloride. 

Pasture was set stocked at 20 - 25 ewe equivalents/ha but were removed during droughty 
periods. Cuts were made at 21 day intervals throughout the year. 

Rainfall was heaviest during winter and spring, between 90 and I 00 mm, and during 
January and February soil moisture deficits occurred. Motueka has high sunshine hours with 
warm summers. Average daily temperatures in summer reach 18°C and drop to a mild 7 .8°C 
in July. 

On average, pasture production was 13 % in winter, 46 % in spring, 20 % in summer and 
21 % in autumn .. The low summer production was probably due to high ground temperatures 
and soil moisture deficits. 

Winchmore Dryland Site 
The dry land trial site was 160 m above sea level on a yellow-grey earth soil (Lismore stony 
silt loam - shallow and free-draining). 

Pasture production was measured from 1957 - 1970 on a pasture that was originally seven 
years old. 
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The site had not been prepared for irrigation so soils were undisturbed. 
The pasture species were mainly perennial ryegrass and subterranean clover with some 

cocksfoot, browntop and white clover. 
Annual fertiliser applications were made of 250 kg/ha of superphosphate. 
Pasture was periodically mob-stocked with ewes carrying about 11 sheep/ha. 
Cuts were at 14-day intervals but during drought and winter no cuts were made. 
The climate at Winchmore typically has warm summers and cold winters. Strong 

northwest winds blow in spring and summer. Average summer temperatures reach 16.1 °C in 
January and 15.8°C in February dropping to 5.4°C in June and 4.8° C in July. Rainfall is low 
but evenly spread between 50 and 80 mm per month, although summer rainfall is often 
ineffective due to the prevailing dry and warm northwest wind. 

Long term soil moisture records show an average of 45 days in which the top 10 em of 
soil is below wilting point, i.e., the site is prone to severe summer droughts. 

Annual production was low during winter, increased during early spring and reached a 
maximum in October. Growth rates declined quickly in summer as a lack of moisture became 
limiting. Frequently the pasture was also adversely affected by the previous dry conditions 
that it did not respond to the improved soil moisture. Of note was the large variability. 
Both grass and clover components of pasture had a peak in October. Subterranean clover, the 
dominant legume, grew mainly in spring and the extent of this growth depended partly on soil 
moisture conditions in the previous autumn when germination took place. 

Winchmore Irrigated Site 
The irrigated trial site was 160 m above sea level on a yellow-grey earth soil (Lismore stony 
silt loam). 

Pasture production was measured from 1957 - 1970 on a pasture that was originally seven 
years old. The area was prepared for border irrigation and was adjacent to the dryland 
(above). 

The pasture species were perennial ryegrass and white clover, with some cocksfoot, 
browntop and bromus species. Weeds, mainly dandelions and other flat-weeds increased in 
the later years of measurements. 

Annual fertiliser applications were made of 250 kg/ha of superphosphate. 
Pasture was periodically mob stocked with ewes carrying about 22 sheep/ha. 
Cuts were made at 14-day intervals but were averaged between June and September when 

growth was slow. 
Irrigation was applied when moisture in the top 10 em of soil reached 50 % of the 

available water holding capacity. 
The climate of Winchmore typically has warm summers and cold winters. Strong 

northwest winds blow in spring and summer. Average summer temperatures reach 16.1 oc in 
January and 15.8°C in February dropping to 5.4°C in June and 4.8°C in July. Rainfall is low 
but evenly spread between 50 and 80 mm per month. Long term soil moisture records show 
an average of 45 days in which the top 10 em of soil is below wilting point. Irrigation greatly 
alleviates this condition and annual production was shown to approximately double. 

Growth reached a peak in late December and January, reflecting the growth pattern of 
white clover. The reliability of moisture provided by irrigation would greatly aid farmer 
production but in winter low temperatures would remain as the limiting factor. 

Lower Waitaki Plains (Oamaru) 
The Lower Waitaki Plains consist of undulating low (12- 90 m) alluvial terraces. The trial 
site was 46 m above sea level and 19 km north of Oamaru on a Steward very stony silt loam. 

0-42 



Pasture growth was measured from 1973 - 1979 on a 6-year old pasture that consisted of 
perennial ryegrass, crested dogstail, sweet vernal and white clover. 

Annual fertiliser included 3 7 5 kglha of superphosphate and irrigation was about 100 mm 
applied every 18 days when needed by border-strip irrigation. 

The area was set-stocked at an average of 17 sheeplha. 
Mower cuts were taken every 21 days and increased to 42 in the winter. 
The average annual rainfall was 538 mm and average air temperature ranged from 5.6° in 

June I July to about 15.0° in January I February. 
Seasonal growth was approximately 38% in spring and summer, 20% in autumn and 4% 

in winter. 

Awamoko (Oamaru) 
This irrigated trial site was located 18 km north-west of Oamaru and 84 m above sea level on 
a sub hygrous yellow-grey earth classified as a Georgetown silt loam. 

Production was measured from 1978 - 1985 on a pasture that was originally five years old. 
Species included perennial ryegrass, white clover, sweet vernal, barley grass and crested 

dogstail. 
Annual fertiliser application was 125 - 150 kg sulphur-superphosphate. 
The trial area was rotationally grazed by sheep at 17 s.u./ha except for set stocking during 

lambing in spring. Irrigation water was applied at 100 mm every 21 days when necessary 
using the border strip method. 

Annual pasture production averaged 36% in spring, 39% in summer, 18 %in autumn and 
7 % in winter. 

Windsor (Oamaru) 
This trial site was located 16 km west of Oamaru at 140 m above sea level on a sub-hygrous 
yellow-grey earth classified as a Kauru silt loam. 

Production was measured from 1978 - 1989 on a pasture that was originally two years old. 
Species included perennial ryegrass, white clover, cocksfoot and barley grass. 
Fertiliser applications averaged 150 - 200 kglha sulphur-superphosphate biennially. The 

site was grazed by sheep at an average of9 s.u./ha. 
Annual pasture production averaged 45% in spring, 30% in summer and 17% in autumn. 
Annual and seasonal variability was high due to frequent soil moisture deficits (severe 

droughts are common). 

Palmerston 
This trial site was 3 km north-east ofPalmerston at 76 m above sea level, on a dry-hygrous 
yellow-grey earth classified as a Claremont silt loam. 

Production was measured from 1978 - 1984 on a pasture that was originally eight years 
old. Species included perennial ryegrass, white clover, timothy, cocksfoot, crested dogstail, 
sweet vernal and subterranean clover. 

Fertiliser application was 150 - 200 kg/ha sulphur superphosate biennially. 
The site was grazed by sheep at an average of9 s.u./ha. 
Annual pasture production averaged 42% in spring, 35% in summer and 17% in autumn. 

Arrowtown 
The trial site at Arrowtown was 335m above sea level on a yellow grey earth (Shotover silt 
loam). 

Pasture production was measured from 1965 - 1971 on a pasture that was originally two 
years old. Throughout the trial period, perennial ryegrass comprised an average 74% of the 
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spring yield and 46% of the summer yield. White clover contributed 17% of the spring yield 
and 24 % of the summer yield. Other species were cocksfoot, sweet vernal, brown top, and 
crested dogstail. 

Annual fertiliser applications were made of 150 kg/ha of superphosphate and 150 kg/ha of 
muriate of potash. 

On average, spray irrigation was applied with sufficient water to wet the top 30 em of soil 
twice per year. 

Pasture was set stocked at 20 ewes/ha for the trial duration. 
Cuts were made at 14-day intervals from mid August with no cuts after mid May. 
The climate is classified as sub-humid where rain falls mostly in spring and autumn, 

giving a mean annual rainfall of756 mm. Average summer temperatures in January and 
February was about 16°C and soil moisture deficits are common in these months (severe 
droughts are common). Winter temperature averages are cold, June 4.5°C and July 3.6°C, but 
pasture readings showed 450- 670 kg DM!ha could be expected between mid May and mid 
August. Average monthly rainfall is evenly spread from 60 - 70 mm throughout the year, but 
hot north - northwest winds produce high evapotranspiration rates in summer, making the 
rain-fall ineffective. 

Soil moisture deficit on dryland was highlighted as the limiting factor to pasture 
production in summer and the cold temperatures in winter. 

Cromwell 
The trial site at Cromwell was 213m above sea level on a brown grey earth (Molyneaux 
loamy sand). 

Pasture production was measured from 1960 - 1971 on a pasture that was originally two 
years old. 

Annual fertiliser applications were made of 190 kg/ha of sulpherised superphosphate for 
six years and 375 kg/ha of potassic superphosphate thereafter. 

Border-dyked irrigation was applied when the soil moisture dropped to 50% of field 
capacity. 

The pasture was set stocked at 12 ewes/ha for the trial duration. Cuts were made at 14 day 
intervals from mid August with no cuts after mid May. 

Average rainfall in January (43 mm) was approximately double that of July and August 
(23 mm) with a mean annual rainfall of only 396 mm. The highest average temperatures of 
17°C were recorded in January and February and soil moisture deficits are common from 
January to March. The average daily temperature drops to a cold 3.4°C in June and 3.0°C in 
July. 

Climatic zone and the resultant soil type were major factors influencing growth pattern. 

Poolburn (Alexandra) 
The trial site at Poolbum was 430 m above sea level on a brown-grey earth (Linnbum sandy 
loam). 

Pasture production was measured from 1961 - 1971 on a dry land pasture that was 
originally one year old. 

Biennial fertiliser applications were made of 250 kg/ha of superphosphate until 1967 and 
thereafter annual applications of 250 kg/ha of superphosphate. 

The pasture was set stocked at 12 ewes/ha for the trial duration. 
Cuts were made at 14 day intervals from September to May if sufficient herbage was 

available. 
The climate is classified as semi-arid where rain falls mostly in summer. Average rainfall 

in January (53 mm) was approximately three times that of July and August (15 mm) with an 
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average annual rainfall of only 3 84 mm. The highest average temperatures were recorded in 
January (14.7°C) and February (14.3°C) and soil moisture deficits are common from January 
to March. The average daily temperature drops to a very cold 1.6°C in June and 0.8°C in July. 
From October to March strong west to northwest winds blow consistently through the day. 

Soil moisture deficits on dryland was highlighted as the limiting factor to pasture 
production in summer and the very cold temperatures in winter. 

Climatic zone and the resultant soil type were also major factors influencing growth 
pattern. 

Otago Plateau 
The trial site was situated at 1080 m above sea level on the western side of the Rock and 
Pillar Range. The soil is a high country yellow-brown-earth (Teviot Silt Loam) derived from 
schist loess and overlying schist rock at about 50 em depth. 

The site was initially unimproved, grazed mid-altitude tussock grassland which is 
dominated by snow tussock and hard tussock and includes speargrass. 

To break down the dense organic turf mat the site was ploughed and fallowed for two 
winters. Lime was applied at 5000 kglha in 1969 before it was sown with perennial ryegrass, 
Cocksfoot, white and red clovers. The area was topdressed with 500 kg/ha molybdenised 
reverted superphosphate followed by 250 kglha of superphosphate annually and a further 
5000 kg/ha of lime in May 1975 which raised the soil pH from 4.9 to 5.4. 

The area was rotationally grazed by wethers (1970-1973) and then stocked with mixed age 
stock until 1976. 

The average annual rainfall is 541 mm and average air temperature ranges from about 0 in 
June and July to 10.8 in February (cold, dry climate). 

Spring and summer accounted for 90 % of the growth with the growing season 
compressed from mid October to mid March. 

Hindon (Dunedin) 
The trial site at Hindon was 26 km north-west of Dunedin, 455 m above sea level, on a 
yellow-brown earth (Wehenga silt loam). The soils varied in depth with a minimum of 45 em. 

Pasture production was measured from 1965 - 1976. From 1965 - 1968 a pasture 
originally 22 years old was used which consisted predominantly of rye grass and white clover 
with some dogstail and Yorkshire fog. The remaining measurements were from a pasture 
originally two years old which consisted of perennial ryegrass, cocksfoot, red clover, and 
white clover with some timothy and browntop. 

Annual fertiliser applications of superphosphate at 125-375 kg/ha were made, with lime, 
molybdenum, and insecticide when necessary. 

Trials were set stocked from September to March and autumn saved pasture was 
rotationally grazed from April to August as part of the all-grass stock wintering system. Cuts 
were made at 21 day intervals except from May to August when growth was negligible. 

The climate is sub-humid with rainfall marginally low at times for reliable pasture growth. 
Total rainfall of641 mm is low particularly in June (47 mm) July (41 mm), September and 
February (44 mm). Average temperatures are also low at 12.6°C in January and 13.3°C in 
February dropping to a very cold 3.5°C in June and 3.3°C in July. 

On average, 80% of growth occurs in spring and summer with a small autumn flush 
before winter temperatures limit any growth. Growth in summer is unreliable due to soil 
moisture deficiencies and this means closing up in late February to autumn save pasture is 
sometimes difficult. 

0-45 



Taieri Plain 
The Taieri Plain trial site was 30 m above sea level on a very fertile recent alluvial soil 
deposited by the Taieri River and tributaries. 

Pasture production was measured from 1959 - 1970 on a pasture that was originally two 
years old. After eight years the pasture composition deteriorated so in September 1967 
measurements were transferred to an adjacent new pasture. 

Pastures were predominantly ryegrass and white clover with some red clover, timothy and 
cocks foot. 

Annual fertiliser applications were topdressed as 250 kg/ha of superphosphate. 
Pastures were rotationally grazed by sheep at 80 sheep/ha at each grazing. Cuts were made 

at 14-day intervals except from May-August when little growth occurred. 
The climate of the Taieri is characterised by evenly distributed rainfall averaging 57 mm 

per month but less in August (41 mm) and September (43 mm). Average summer 
temperatures are up to 19.3°C in February, but drop to 5.2°C in July. 

On average, pasture production is only 6% in winter, 38% in spring and summer and 
18 % in autumn. This production was influenced mainly by the low soil moisture in the 
summer months and cool winter temperatures. An autumn flush of growth can be expected if 
soil moisture status recovers before the temperatures drop. 

This plain site showed a consistent depression in December growth of rye grass and wh; t.~ 
clover. On the hill site annual grasses compensated for this and the depression was not 

Taieri Hill 
The Taieri Hill trial site was about 100 m above sea level on a yellow-grey to yellow-brown 
earth (Warepa silt loam). 

Pasture production was measured from 1951 - 1970 on a pasture that was originally three 
years old. In October 1961 the trial was transferred to a nearby paddock which had been sown 
to pasture in 1960. 

Pastures were predominantly perennial ryegrass and red clover with some white clover, 
cocksfoot and dogstail. Red clover was replaced by white clover after about three years. 
Annual fertiliser applications were made of 315 kg/ha of superphosphate with 70 g sodium 
molybdate/ha every four years. 

Cuts were made at 14 day intervals except from May-August when little growth occurred. 
Pastures were rotationally grazed by sheep at 80 sheep/ha at each grazing. 

Average temperatures ranged from 15.0°C in January to 4.9°C in July. 
On average, pasture production is only 6% in winter, 38% in spring and summer, and 

18 % in autumn. 
Annual production was influenced mainly by low soil moisture status in summer months 

and cool temperatures in winter. 

Mona Bush (lnvercargill) 
The trial site at Mona Bush was 50 m above sea level on a lowland yellow brown earth 
(Waikiwi silt loam). 

Pasture production was measured from 1966 - 1972 on a pasture that was originally two 
years old. The pasture consisted mainly of perennial rye grass and white clover with some 
cqcksfoot, poa, sweet vernal and red clover. 

Annual fertiliser applications were made of 300 kg/ha of superphosphate and 100 kg/ha of 
potash. 

The pasture was grazed by about 17 sheep/ha throughout the trial. Cuts were taken at 14 
day intervals except from May to late August when there was little growth. 
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The climate at Mona Bush is generally cloudy and humid with a well distributed rainfall. 
Rainfall from 60 - 110 mm can be expected throughout the year with lower falls in winter, 
July 69 mm, August 66 mm, than autumn, March 94 mm, Aprill04 mm. Average monthly 
temperatures are mild in summer, January and February 13.SOC, but cool in winter, 5.5°C in 
June and 4.8°C in July. 

On average, 35% of pasture production was in spring and 40% in summer with 50% of 
white clover production during the summer. 

The spring and summer growth are not often limited by soil moisture deficits and high 
reliable growth can be expected during this period. 

Winton (lnvercargill) 
The trial site at Winton was about 45 m above sea level on a yellow-grey to yellow-brown 
earth intergrade (Otapiri silt loam). 

Pasture production was measured from 1950 - 1961 on a pasture that was originally two 
years old. The pasture consisted mainly of perennial rye grass and white clover. 

Annual fertiliser applications were made of 250 kg/ha of superphosphate and 60 kg/ha of 
potash. 

The pasture was grazed by about 12 sheep/ha throughout the trial. Cuts were taken at 14 
day intervals except from May to August when there was little growth. 

The climate at Winton is characterised by well distributed rainfall and mild summer 
temperatures. Rainfall from 70- 110 mm can be expected with lower falls in July (71 mm) 
and August (76 mm) than other months. Average monthly temperatures are mild in summer, 
January 14.5°C and February 14.4°C but cool in winter, 5.7°C in June and 4.6°C in July. 

Soil moisture deficits occur occasionally in January and February. 
On average, 35% of pasture production was in spring and 40% in summer with 50% of 

white clover production during the summer. 
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A 

AB (abbr.), definition of ....................................................................................................... N-3 
abomasal parasites, of deer ................................................................................................... B-41 
abort, definition of ................................................................................................................ N-3 
abortion, of cattle .................................................................................................................. B-35 

, of goats ........................................................................................................... B-42, A-34 
, ofsheep ..................................................................................................................... B-29 
, tree toxins ................................................................................................................ H-36 

absorption (of phosphorus), definition of ............................................................................. N-3 
A.C. (abbr.), definition of ..................................................................................................... N-3 
access, right of (legislation) .................................................................................................... L-9 
acid-generating fertilisers, definition of ................................................................................ N-3 
acidosis ........................................................................................................................ B-24, B-57 
acre, conversions to I from hectares .................................................................................. J-4, J-5 
acre inch (measurement) ofirrigation .................................................................................... J-19 
actinobacillosis, of cattle ....................................................................................................... B-33 
actinomycosis, of cattle ......................................................................................................... B-33 
acute, definition of ................................................................................................................ N-3 
additive, definition of ............................................................................................................ N-3 
addresses of many agricultural organisations .......................................................... M-3 to M-10 
adjusted weighted average sale price (A WASP-wool), definition of ................................... N-3 
ad libitum (ad lib) feeding, definition of ............................................................................... N-3 
adsorption (of phosphorus), definition of ............................................................................. N-3 
aeration (of soil), definition of .............................................................................................. N-4 
aerobic, definition of ............................................................................................................. N-4. 
afforestation, definition of .................................................................................................... N-4 
age, determining livestock ages ......................................................................................... A-177 

, of puberty ............................................................................................................... A-176 
aggregate (of soil), definition of ........................................................................................... N-4 
agistment, definition of ......................................................................................................... N-4 
AgResearch Ltd, contact details ............................................................................................ M-3 
agribusiness, definition of ..................................................................................................... N-4 
agrichemicals ............................................................................................................... E-3 to E-6 

, Agrichemical Education Trust, contact details .......................................................... M-9 
, application rates .......................................................................................................... E-3 
, code of practice .......................................................................................................... I-59 
, disposal...................................................................................................................... E-4 
, information sources ................ · .................................................................................... E-6 
, LD50 levels ................................................................................................................ E-5 
, manuals ....................................................................................................................... E-3 
, mixing guidelines ..... .-................................................................................................. E-4 
, safety ..... .-..................................................................................................................... E-3 
, toxicity ........................................................................................................................ E-5 
, use recommendations ................................................................................................. E-3 
, user training ................................................................................................................ E-5 

Agricultural and Resource Economics Society Inc., contact details ..................................... M-4 
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Agricultural and Marketing Research and Development Trust (AGMARDT), 
contact details 

Agricultural Aviation Association, contact details 
Agricultural Economics Society, contact details 
Agriculture ITO (Industry Training Organisation), contact details ....................................... M-3 
AgriQuality Ltd, contact details ........................................................................................... ,.M-3 
AgriQuality New Zealand Ltd ............................................................................. G-8, G-9, G-20 
Agri tech, contact details ......................................................................................................... M-7 
Agriventure (IAEA), contact details 
agroforestry -see farm forestry; named tree varieties; shelterbelt 
agroforestry, definition of ...................................... . N-4 
Agronomy Society of New Zealand, contact details ............................................................ M-3 
Ai (abbr.), meaning of 
AI (abbr.), meaning of 
air-dry tonnes, definition of 
air-filled IJOrosity, explanation of 
algae, photosensitisation 
alkaloid, endophyte 
alkaloids 
allele, meaning of 
allelopathy, definition of 
alluvium, description 
Alpaca Association of New Zealand Inc., contact details 
alpine ash 
alsike clover, identification 

N-4 
N-4 
N-4 
N-4 

C-3, N-4 

N-4 
N-4 
N-5 

H-13 

, varieties I cultivars ................................................................................................... 0-30 
aluminium wire ................................................................................................................ I-7, I-16 
ammonium nitrogen fertilisers .............................................................................................. F-13 
ammonium phosphate fertiliser ............................................................................................... F-7 
ammonium sulphate nitrogen fertiliser ................................................................................. F-13 
amniotic fluid, description of ................................................................................................ N-5 
amortisation loan ................................................................................................................... N-5 
amortised loans, cost of debt servicing 
Ampere, electricity measure 
anaerobic, definition 
Anglo Nubian 
Angus Association, contact details 
Angus beef, 
animal evaluations, of dairy cattle 

, of 
animal health, see entire section I chapter 

A-73 
A-98 to A-100 

A-30 to A-33 
to B-78 

, see also named health conditions: abortion; bloat; disease; parasites; etc. 
, Board Inc., contact details 
, common diseases of livestock ..................................................................... B-23 to B-45 
, feed related disorders ............................................................ B-46 to B-57, B-58 to B-60 
, monitoring 
, programme for prevention of disease 
, temperature, pulse and respiration ............................................................................ B-77 
, stored feed related disorders ........................................................................ B-58 to B-60 
, trace element deficiencies ............................................................................ B-61 to B-76 
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animal nutrition, see entire section I chapter A-147toA-173 
, see also feed requirements; named animals 
, beef cattle feeding .......................................................... A-65 to A-67, A71, A-77, A-78 
, dairy cow feeding ............................................................ A-82 to A-84, A-163 to A-165 
, deer feeding ........................................................ A-105 to A-107, A-112, A-113, A-120 
, digestibility ............................................................................................................ A-149 
, digestion- energy .................................................................................................. A-148 

-of feed fractions .......................................................................................... A-148 
-heat of ......................................................................................................... A-159 

A-150 
-protein ............................................................................................. A-149, A-150 
-rumen microbes ........................................................................................... A-148 
-ruminant .......................................................................................... A-147, A-148 
-speed of ....................................................................................................... A-154 

, dry matter ............................................................................................................... A-149 
, dry matter measures ................................................................................................... A-3 
, energy digestion ..................................................................................................... A-148 
, farm conditions .......................................................................................................... A-3 
, feed budgeting ........................................................................................................... A-4 

-pasture growth rate estimates ............................................................ C-48 to C-62 
, feed fractions - digestion of.. ................................................................................. A -148 

-dry matter .................................................................................................... A-149 

-protein 
animal nutrition (continued): 

A-148 
A-148, A-149 

, feed intake .............................................................................................. A-154 to A-157 
-feed qualityeffects ........................................................................... A-155 A-157 
-forage constraints .................................................................................... : ... A-154 
- gut fullness .................................................................................................. A -154 
-pasture allowance ........................................................................................ A-156 
-pasture grazing residue ............................................................................... A-156 
-pasture intake .............................................................................................. A-155 
-pasture mass ................................................................................................ A-156 
- productive state ........................................................................................... A -154 
-speed of digestion ........................................................................... A-154, A-157 

, feed quality - see feed value (below) 
, feed sampling - compound feeds A-171 

A-171 
A-171 
A-171 

-pasture ......................................................................................................... A-171 
- silage ........................................................................................................... A -171 

, feed value - see entire chapter I section ...................... A-150 to A~ 152, A -163 to A -170 
- ofbalage ...................................................................................................... A-167 
- of cereal silage ............................................................................................ A-167 
- of clover ...................................................................................................... A-166 
-of crops ....................................................................................................... A-168 
-of grain ........................................................................................................ A-168 
-of grasses ..................................................................................................... A-166 
-of greenfeed r.mns ................................................................ A-168 
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animal nutrition (continued): 
, feed value 

-of hay .......................................................................................................... A-166 
-of lucerne .................................................................................................... A-166 
- of other feeds .............................................................................................. A -169 
- ofpasture .......................................................................... A-150 to A-152, A-166 
-of peas ......................................................................................................... A-168 
-of process crop residues .............................................................................. A-169 
- of protein concentrates ................................................................................ A-169 
-of pulses ...................................................................................................... A-168 
-of silage ....................................................................................................... A-167 
-of straws ...................................................................................................... A-167 

, goat feeding ............................................................................................ A-132 to A-136 
, hay- maintenance feed .......................................................................................... A-153 

-production feed ........................................................................................... A-153 
, heat of digestion .................................................................................................... A-159 
, in relation to animal health 
, maintenance feed ................................................................................................... A -15 7 

A-159 
, pasture - chemical components .............................................................................. A-150 

-dead matter .................................................................................................. A-151 
- feed value variation ..................................................................................... A-150 
-mature plant feed value ............................................................................... A-151 
-nutritional value .......................................................................................... A-150 
- rye grass seasonal variation ......................................................................... A -152 
-seasonal energy levels ................................................................................. A-153 
-species comparison ..................................................................................... A-150 
-total mixed rations (TMR) .......................................................................... A-150 

animal nutrition (continued): 
, pasture quality ........................................................................................................... A-3 
, pasture rationing ........................................................................................................ A-4 
, production feeds .................................................................................................... A-157 
, ruminant digestion ................................................................................................. A-147 
, sheep feeding ......................................................................... A-5 to A-10, A-17 to A-21 
, silage- maintenance or production feed ................................................................ A-153 
, straw ...................................................................................................................... A-153 
, supplementary feeds ............................................................................... A -15 8 to A -160 

- calculating requirements ............................................................................. A -161 
-concentrates ................................................................................................ A-158 
- drought feed ................................................................................................ A-160 
-forage crops ................................................................................................. A-159 

A-159 
-silage ........................................................................................................... A-159 

, urine protein loss ................................................................................................... A -149 
, walking- feed requirement.. ...................................................................................... A-3 
, weight gain ............................................................................................................ A-153 

animal wastes as fertiliser ..................................................................................................... F -12 
animal welfare, organic farming .......................................................................................... G-15 
anion, definition of. ................................................................................................................ N-5 
anion retention capacity, definition of .............................................................................. N-5 
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annual draft, definition of ...................................................................................................... N-5 
annuity, definition of. ............................................................................................................. N-5 
anoestrus, meaning of ............................................................................................................ N-5 
anthelmintic, combination drench ......................................................................................... B-13 

, definition ..................................................................................................................... B-8 
, faecal sampling 
, residual effect 

, use 
anticyclone 
anti-foaming agents, 
antlers, description 
aphanomyces disease 
aphid control 
apple pomace, animal feed supplement 
apples, feeding 
application rate, fertiliser calculations 
ARI endophyte 
area, actual area of hill slopes 

, imperial I metric measures 

N-5 
E-90 

E-54, E-56, E-57, E-59, E-63, E-64 
A-160 
A-168 

F-29 

Argentine stem weevil control.. ........................................................................ E-51, E-59, E-61 
, endophyte relationship ................................................................................................ C-3 
, grass variety susceptibility to ................................................................................... C-16 

army caterpillar control.. ................................................................................... E-51, E-59, E-61 
artesian aquifer, description of.. ............................................................................................. N-5 
artificial selection, definition of ............................................................................................. N-5 
ascochyta blight of peas ........................................................................................................ E-90 
ASP (abbr.), meaning of ........................................................................................................ N-5 
aspect, definition of ............................................................................................................... N-5 
asset, definition of ................................................................................................................. N-6 
ASW- see Argentine stem weevil 
ATV (abbr.), meaning of ....................................................................................................... N-6 
auger, description of. .............................................................................................................. N-6 
Australian green blowfly ....................................................................................................... B-19 
Australian soldier fly control ................................................................................................ E-62 
availability of phosphate ......................................................................................................... F -6 
available nutrient, definition of. ............................................................................................. N-6 
available water-holding capacity (A WC or WHC), definition of .......................................... N-6 
A.W. (plant available water) .................................................................................................. I-32 
A WASP (abbr.), meaning of... ............................................................................................... N-6 
awn-spot disease ................................................................................................................... E-85 
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B (chem. sym.), definition 
baconer, definition 
bacteria count (milk) 
bacteria, description 
bacterial stain (in wool), definition 

bail, definition 
bailee, definition 
bailment, definition 
bailor, definition 
balage, description of 
balage, feed 
band sprayer, description 
bare fallowing, definition of 
barley, see entire chapter I selection 

, cereal silage 
, disease control 
, establishment 
, feeding value 

B 

N-6 
N-6 

A-97 
N-6 
N-6 

A-97 
N-6 
N-6 
N-6 
N-6 
N-6 

A-167 
N-7 
N-7 

D-41 to D-44 
D-19 
D-43 
D-41 

A-168 
D-42 

, forage crop ............................................................................................................... D-16 
, further information sources ..................................................................................... D-44 
, growth regulators ..................................................................................................... D-43 
, harvest I storage ....................................................................................................... D-44 
, irrigation .................................................................................................................. D-43 
, monitoring the crop ................................................................................................. D-44 
, nutrient standards ...................................................................................................... F-45 
, pest control .............................................................................................................. D-43 
, seed .......................................................................................................................... D-41 

, weed control 
, yield components 

barley grass, identification 

D-41 
D-43 
D-41 

barley yellow dwarf virus disease ......................................................................................... E-85 
barren, definition of ............................................................................................................... N-7 
base saturation, definition of. ................................................................................................. N-7 
basic cations, definition of ..................................................................................................... N-7 
BCS - see body condition score 
beardie, definition 
bearings, description 
beech 

N-7 
N-7 

B-17 
Beef and Lamb Marketing Bureau, contact details ................................................................ M -7 
beef cattle, see entire section I chapter. ................................................................... A-65 to A-81 

, breeding cows- annual feed requirements .............................................................. A-65 
-annual programme ........................................................................................ A-65 
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beef cattle (continued) 
, breeding cows 

-body condition score ........................................................................ A-67 to A-70 
- culling and replacement rate ........................................................................ A -73 
-feeding .......................................................................................................... A-67 
-liveweight seasonal pattern ........................................................................... A-66 
-mating to weaning management ................................................................... A-66 
-mixed stocking .............................................................................................. A-65 
- optimalliveweights ....................................................................................... A-67 
-parasite control .............................................................................................. A-65 
-post-calving management ............................................................................. A-66 
-pre-calving management ............................................................................... A-66 
-role of ............. , .............................................................................................. A-65 
-suckled calf ................................................................................................... A-65 

, breeding policy ........................................................................................... A-70 to A-74 
-27 month mating ........................................................................................... A-71 
-breed options ................................................................................................. A-71 
- calving date ................................................................................................... A -73 
- cross-breeding ............................................................................................... A-71 
-dam breed ...................................................................................................... A-71 
-mating options ............................................................................................... A-71 
-pregnancy testing .......................................................................................... A-73 
- sire breed ....................................................................................................... A-71 
- yearling mating ............................................................................................. A -71 
-yearling mating liveweight chart .................................................................. A-71 
- yearling mating pasture requirements ........................................................... A -71 

, breeds ......................................................................................................................... N-9 
beef cattle (continued): 

, culling ...................................................................................................................... A-73 
, feeding ........................................... A-65 to A-67, A-71, A-76 to A-79, A-147 to A-162 
, finishing- age at slaughter ...................................................................................... A-76 

-breed crosses ................................................................................................. A-75 
-breed relative growth and carrying capacity ................................................. A-75 
-carrying capacity ........................................................................................... A-76 
-compensatory growth .................................................................................... A-77 
-feed requirements .......................................................................................... A-77 
-feed supply matching demand ...................................................................... A-76 
- grazing management ..................................................................................... A -79 
-growth rates ......................................................................................... A-77, A-78 
-pasture levels ................................................................................................. A-77 
- pasture quality ............................................................................................... A -78 
-pre-slaughter management ............................................................................ A-80 
-productivity factors ....................................................................................... A-75 
- ratio of breeding to finishing stock ............................................................... A-7 6 
- sex I gender ................................................................................................... A-75 
- stocking rate .................................................................................................. A-7 6 
- systems ............................................................................................. A-75 to A-78 
-temperature affects growth ........................................................................... A-79 
- terminal sire .................................................................................................. A-7 5 
-weighing ................................................................................................ · ........ A-79 
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beef cattle (continued): 
, management policy mix .......................................................................................... A-73 
, monitoring performance (weighing) ........................................................................ A-79 
, nutrition- see animal nutrition- see also beef cattle, feeding (above) 
, pre-slaughter management. ...................................................................................... A-80 
, replacement rate ....................................................................................................... A-73 
, water requirement ...................................................................................................... I-43 
, weighing .................................................................................................................. A-79 

Beef Council, contact details 
Beekeepers Association, contact details 
beetroot, feeding 
belly wool, description of 
benchmark, definition 
bends and turning circles, farm roads 
Bermuda grass, identification 
BI (abbr.), meaning 
big gun irrigators 
binders, description 
binning (wool), definition of 
BioDynamic Farming and Gardening Association in New Zealand 
biodiversity, farm forestry 
biodynamic - see organic agriculture 

N-7 
I-40 
N-7 
N-7 

G-8, G-21, M-4 
H-16 

biofuel .................................................................................................................................. K-22 
Bio-Gro New Zealand ................................................................................. G-8, G-9, G-20, M-4 
bio-herbicide 
biological control, of insect 

, of parasites 
, control ofweeds ....................................................................................................... E-12 

Biological Producers and Consumers Council Inc ................................................................ G-8 
biomass, trees ....................................................................................................................... H-19 
birdsfoot trefoil, growth peak .............................................................................................. 0-29 

, varieties I cultivars ................................................................................................... 0-29 
bishop pine ............................................................................................................................. H-9 
black beetle control ............................................................................................................... E-62 
Blackface ram, definition of .................................................................................................. N-7 
blackleg, description of .......................................................................................................... N-7 
blackleg, of sheep .................................................................................................................. B-24 
black medic, identification .................................................................................................... C-73 
black walnut ......................................................................................................................... H-15 
blackwood .................................................................................................................... H-9, H-15 
blind seed disease of grass seed crops .......................................................................... E-93 
bloat, see entire section 

, causes ........................................................................................................................ B-46 
, clinical signs 
, control 
, course of disease ....................................................................................................... B-46 
, prevention 
, treatment 

bloat preventing feeds, birdsfoot trefoil ................................................................................ C-31 
,lotusmajor .............................................. C-31 
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blocky, definition of ............................................................................................................... N-8 
blood, calcium levels ............................................................................................................ B-53 

, poisoning- ofsheep .................................................................................................. B-24 
, sampling - trace elements ......................................................................................... B-61 

bloodlines, definition of. ........................................................................................................ N-8 
blood typing, definition of ..................................................................................................... N -8 
bloodstock, definition of ........................................................................................................ N-8 
bloom, definition of ............................................................................................................... N~8 
blowfly strike ........................................................................................................................ B-19 
blowfly, wool discolouration ............................................................................................... A-37 
BMP (abbr.), definition of ..................................................................................................... N-8 
body condition score (BCS) 

, of beef breeding cows ................................................................................. A-67 to A-70 
, of dairy cows .................................................................................... A-82, A-90 to A-93 
, of deer hind ................................................................................................. A-110 to 112 
, ofsheep ..................................................................................... A-6, A-10, A-14 to A-17 

Boer goat ............................................................................................................................ A-141 
bolus, magnesium ................................................................................................................. B~53 
bone disorder, due to copper deficiency ............................................................................... B-72 
boners, definition of ............................................................................................................... N-8 
book, definition of .................................................................................................................. N-8 
books, definition of ................................................................................................................ N-8 
borders, description of ........................................................................................................... N-8 
border disease, of sheep ........................................................................................................ B-28 
border-dyke irrigation ................................................................................................... .1-39, I-34 
boron deficiency in plants ..................................................................................... D-3, D-5, F-29 
botanical and common names, of trees ................................................................................ H -1 0 

, ofweeds .................................................................................................................... E-37 
boundary fence ....................................................................................................................... I -19 
bovine viral diarrhoea (BVD) abortion 

, infection ..................................................................................................................... B-28 
, of cattle ..................................................................................................................... B-35 
, of goats ..................................................................................................................... B-43 

bran, feeding value ............................................................................................................. A-168 
brand, definition of ............................................................. = ................................................. N-8 
branding, definition of ........................................................................................................... N-8 
brassicas - see forage crops 
break, definition of .................................................................................................................. N-8 
break crop, definition of ......................................................................................................... N-8 
break-feeding, definition of ................................................................................................... N-8 . 
breast-block strainer assembly .... : .......................................................................................... I-12 
breast-plate, definition of ....................................................................................................... N-9 
breathing rates, animal .......................................................................................................... B-77 
breeding, animal health issues ................................................................................................ B-5 
breeding, dairy cattle - see dairy cattle breeding 

, dates (animal) ........................................................................................................ A-147 
, ewe hoggets - see sheep, ewe hoggets 
, index (BI), definition of ............................................................................................. N-9 
, natural disease resistance ................ : ................................................................. B-5, B-14 
, periods (animal) ..................................................................................................... A-147 
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breeding, (continued): 
, season, definition of. .................................................................................................. N-9 
, value (BV), definition of ........................................................................................... N-9 
, value, sheep ............................................................................................................. A-31 
, worth (BW), definition of .......................................................................................... N-9 

breeds, of cattle - nrunes of .................................................................................................... N-9 
, of deer (farmed)- nrunes of ...................................................................................... N-9 
, of goats - nrunes of .................................................................................................... N-9 
, of pigs - nrunes of ...................................................................................................... N -9 
, of sheep - nrunes of .................................................................................................... N-9 
, of traditional beef- nrunes of ..................................................................................... N-9 

brewer's grains, animal feed supplement.. ............................................................. A-160, A-168 
bridge and culvert design ....................................................................................................... 1-24 

, maximum culvert spacing .......................................................................................... 1-24 
bridge spikes, description of .................................................................................................. N-9 
brightness, definition of ......................................................................................................... N-9 
britch wool, description of ..................................................................................................... N-9 
britchiness, definition of ......................................................................................................... N-9 
British Alpine goat ........................................ , .................................................................... A-145 
broadcast; description of ........................................................................................................ N-9 
broken mouth, definition of .................................................................................................... N-9 
broken-mouthed ewe, definition of ........................................................................................ N-9 
broker, definition of ............................................................................................................. N-10 
brood mare, definition of ..................................................................................................... N-1 0 
brome grasses, grazing brome ............................................................................................... C-15 

, pasture brome ........................................................................................................... C-15 
, smooth brome ........................................................................................................... C-15 
, upland brome ............................................................................................................ C-15 
, varieties I cu1tivars .................................................................................................... C-14 

broomcorn millet, photosensitisation .................................................................................... B-48 
browntop, feed value .......................................................................................................... A-166 

, identification ............................................................................................................. C-67 
browse, deer feed ............................................................................................................... A-105 
browse, definition of ............................................................................................................ N-10 
BRS (abbr.), meaning of ...................................................................................................... N-10 
brucellosis, of sheep .............................................................................................................. B-29 
buck, definition of ................................................................................................................ N-10 
buckwheat, photosensitisation .............................................................................................. B-48 
budget control, definition of ................................................................................................ N-10 
buffering capacity (of soils), definition of.. ......................................................................... N -10 
bulk density (of soil), definition of ...................................................................................... N -10 
bulkometer, definition of ..................................................................................................... N-10 
buildings I farm structures ......................................................................................... 1-48 to 1-53 
bulk milk somatic cell count ................................................................................................ A-95 
bulk, wool ............................................................................................................................ A-39 
bull, adult male Elk or Wapiti, description of.. .................................................................... N-41 
bumble bee pollinators .......................................................................................................... C-23 
bunt diseases of cereals ......................................................................................................... E-8 8 
burr clover, identification of ................................................................................................. C-73 
bush trees - see farm forestry 
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bushel, conversions to metric measures ................................................................................. J-25 
, dry measure I capacity ............................................................................................... J-16 
, weights of crops I seeds 

butterfat, definition 
buttermilk powder, feeding value 
BV (abbr.), meaning 
BVD (bovine viral diarrhoea) 

, of goats 
BW (abbr.), meaning 
BYDV (abbr.), meaning of 
by-laws, legislation 

c 

N-10 
A-168 
N-10 

C (chem. sym.), meaning of.. ............................................................................................... N-10 
oc (abbr.), meaning of .......................................................................................................... N-10 
C3 plants, definition of ......................................................................................................... N-11 
Ca ( chem. sym. ), meaning of ............................................................................................... N -11 
cabbage, feeding value ....................................................................................................... A-168 
cable (measurement) oflength ............................................................................................... J-10 
cadastral maps_, description of .............................................................................................. N -11 
calcareous, definition of ....................................................................................................... N -II 
calcined magnesite, description of.. ..................................................................................... N-Il 
calcined magnesite fertiliser ................................................................................................. F -18 
calcium borogluconate 
calcium carbonate - see lime 
calcium, deficiency 

, deficient greenfeed oats ......................................................................................... A -170 
, supplementation, timing ........................................................................................... B-54 

calf, space requirements (sheds) ............................................................................................ I-48 
calf, water requirement .......................................................................................................... I-43 
calibration and cleaning, spraying equipment ........................................................... I-59 to I-61 
Californian thistle biological control .................................................................................... E-12 
calving date table ............................................................................................................... A-147 
calving interval, definition of.. ............................................................................................. N-Il 
calving percentage, definition of.. ........................................................................................ N-Il 
camber (road) ......................................................................................................................... I-22 
Cambridge roller, description of.. ........................................................................................ N-Il 
camphylobacter abortion, of sheep ....................................................................................... B-28 
canary yellow fleece .................................................................................................. A-38, N-Il 
cap rail, description of... ....................................................................................................... N -11 
capacitance, definition of ..................................................................................................... N -11 
capillary forces, definition of. .............................................................................................. N-Il 
capital gain, definition of.. ................................................................................................... N -II 
capital stock, definition of ......................................................................... N-11 
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capital gain, definition 
carbonising (wool), definition 
carbon dioxide, global warming 
carcass weight (CW), definition 
carcass yield, see meat, dressing-out percentage 

, definition 
carding (wool), description 
carrots, feeding value 
carrying capacity, definition 
caseous lymphadenitis, of sheep 
cash-crops - see named crops; see also entire chapter I section 
cash flow budget, definition 
Cashgora fibre 
Cashmere fibre 

N-11 
N-12 
K-22 
N-12 

N-12 
N-12 

A-168 
N-12 

D-26 to D-54 
N-12 

A-144 
A-143 

Cashmere Producers ofNew Zealand Inc., contact details .................................................... M-4 
cast, definition of ................................................................................................................. N-12 
cast for age (CFA), definition of ......................................................................................... N-12 
catch-crop, definition of.. ..................................................................................................... N-12 
catching pens, sheep ....................................................................................................... I-51, I-48 
catchment, definition of ....................................................................................................... N-12 
caterpillar control ........................................................................................................ E-58, E-67 
cation, definition of. ............................................................................................................. N -12 
cation-exchange capacity, definition of ............................................................................... N-12 
cattle - see also beef; dairy 

, age determination .................................................................................................. A -177 
N-9 

, diseases .............................................................................................. B-31 to B-35, B-60 
, feeding and management.. ................................................. A-65 to A-80, A-82 to A-102 
, ramps 
, stops I crossings 
, water requirements 
, yards 

cattle tick .... 
caucasian clover, establishment 

, growth form 

I-49 
I-51 
I-43 
I-49 

, identification ............................................................................................................. C-70 
, varieties I cultivars .................................................................................................... C-26 

caveat, definition of ............................................................................................................. N-13 
Celsius I Fahrenheit temperature conversions 
cement stabilisation (road) 
cental (measurement) 
centimetre, to inch I foot 
cereal, cash crops 

, feed values 
, foliar fungicides 
, greenfeeds 
, growth stages 
, seed treatments 
, silage 

Certificate of Title (CIT), description 

p- 14 

I-25 

J-8 
D-29, D-37, D-41 

A-167, A-168 

A-159, D-16 to D-18 
E-78 to E-84 

E-88 



cervix, description of 
cestode, internal parasite 

, see also tapeworm 
CFA (abbr.), meaning 
CFCs - see chloroflurocarbons 
chain, to metre I link I yard I acre 
chalkiness (of wool), description 
character, definition 
charcoal stain, description of 
chelates, definition 
chemical - see agrichemicals 

N-13 

N-13 

J-4, 1-5, J-8, J-1 0 
N-13 
N-13 
N-13 
N-13 

chemicals (applying), calibration of spray equipment ........................................................... I-59 
chemical ploughing, definition of.. ...................................................................................... N-13 
Chevon goat meat .............................................................................................................. A-141 
Chewings fescue, identification 
chicory, cultivars ................................................................................................................... C-33 

, establishment 
, feeding value 
, growth form 
, persistence 
, seasonal growth 

A-168 

chin-ball, description of ....................................................................................................... N-13 
chipwood, definition of. ....................................................................................................... N -13 
chisel plough, description of ................................................................................................ N-13 
chloroflurocarbons, ozone depletion .................................................................................... K-16 
chlorophyll, definition of ..................................................................................................... N-13 
chloroplasts, definition of .................................................................................................... N -13 
chlorosis, definition of ......................................................................................................... N -13 
chou moellier - see forage crops 
chromosome, description 
chronic, definition 
chute, definition 
CIDR (abbr.), meaning 
c.i.f. (abbr.), meaning of 
Cl (chem. sym.), meaning 
circling disease, of sheep 

- see also listeria 

N-13 
N-13 
N-13 
N-14 
N-14 
N-14 

citric solubility test .................................................................................................................. F-6 
citrus pulp, feeding value ................................................................................................... A-168 
clean, on floor (COF) - definition of... ................................................................................. N-14 

, pasture- definition of .............................................................................................. N-14 
, quote- definition of.. ............................................................................................... N-14 
, wool- definition of .................................................................................................. N-14 

- yield ............................................................................................................. A-41 
clearwood, definition of ....................................................................................................... N -14 
climate and weather, see entire chapter I section ...................................................... K-1 to K-32 
climate change, see entire section ........................................................................... K-19 to K-23 

, farmers' response ..................................................................................................... K-22 
-forestry and trees ........................................................................................... K-22 
-methane ... ------------------------------------------·-------···················································- K-22 
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climate, factors influencing .................................................................................................. K -11 
, global warming ........................................................................................... K-20 to K-22 
, monitoring on farm .................................................................................................. K-29 

climatic data for New Zealand regions (rainfall, evapotranspiration, air and soil 
temperatures, sunshine hours) 

climatic zone, New Zealand map 
clip (wool), definition 
clipping, definition 
clostridial diseases 

, of cattle 
, of deer 
, of goats 

K-3 to K-10 
K-18 
N-14 
N-14 

D-3 

, of sheep ..................................................................................................................... B-24 
cloud, formation ................................................................................................................... K-11 

, naming types ............................................................................................................ K -16 
clover, bloat cause ................................................................................................................. B-46 

, case bearer moth control.. ......................................................................................... E-54 
, feed intake .............................................................................................................. A-155 
, feed value ................................................................................................................ A··l66 
, general husbandry and variety information .................................................. C-17 to C-26 
, identification .............................................................................................................. C-70 

clover flea control ................................................................................................................. E-52 
club-root ofbrassicas ............................................................................................ D-3, D-4, E-92 
cluster (unit), definition of ................................................................................................... N-14 
clustered clover, identification .............................................................................................. C-72 
CMT, meaning of ................................................................................................................. N-14 
C:N ratio, meaning of .......................................................................................................... N-14 
Co (chem. sym.), meaning of... ............................................................................................ N-14 
coarse grass, identification .................................................................................................... C-69 
coarse texture (of soil), definition of ................................................................................... N-14 
coastal permit (resource consent) ............................................................................................ L-6 
cobalt bullets 
cobalt deficiency, see entire section ............................................................... B-64, B-69 to B-72 

, diagnosis .................................................................................................................. B-71 

, signs 
, treatment 

cobalt deficient soils, location on map of New Zealand ....................................................... B-70 
cobalt sulphate 
cocksfoot, cultivars 

, establishment 
, identification ............................................................................................................. C-66 
, pests 

codes of practice, fertiliser 
co-enzymes, definition 
cold front, associated depression 
collateral, definition 
colorimeter, definition 
colostrum, dairy 
combine drill, description 
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F-3 
N-14 
K-11 
N-15 
N-15 

A-84, A-97 
N-15 



combined sale, definition of ................................................................................................. N-15 
combing, definition of .......................................................................................................... N-15 
comeback, definition of ....................................................................................................... N-15 
common and botanical names, of trees ................................................................... H -1 0 to H -15 

, ofweeds .................................................................................................................... E-37 
comparative analysis, definition of.. .................................................... ~ ............................... N-15 
composite animals, definition of .......................................................................................... N-15 
compound, fertilisers ................................................................. : .................................. F-12, F-14 

, interest rate - definition of ....................................................................................... N-15 
compounding, definition of .................................................................................................. N-15 
computer modelling, fertilizer I nutrient budget.. ........................................... F-24, F-35 to F-36 

, tree yield and growth ................................................................................................. H-9 
concentrate feeds ................................................................................................................ A -15 8 
conception rate (CR), definition of.. .................................................................................... N-15 
conceptus, definition of ........................................................................................................ N-15 
conceptus-free weight, definition of .................................................................................... N -15 
condensed tannins - see tannins 
condition score - see body condition score 
condition (wool), definition of ............................................................................................. N-16 
conditioning, definition of ................................................................................................... N-16 
conserved feed, see also hay; silage 

, disease source ........................................................................................................... B-58 
contacts in agriculture (addresses, telephone numbers etc.) .................................... M-3 to M-10 
contagious ecthyma, of sheep ............................................................................................... B-26 
contaminated feed .................................................................................................... B-58 to B-60 
contamination of environment ................................................................................................ L-5 
constant dollar, definition of ................................................................................................ N-16 
contemporaries, definition of ............................................................................................... N-16 
contingency allowance, definition of.. ................................................................................. N-16 
continuous stocking, definition of.. ...................................................................................... N-16 
contour ditch irrigation .......................................................................................................... I-34 
contour fencing, definition of ......................................................... : .................................... N-16 
contract (mating), description of .......................................................................................... N-16 
controlled flooding irrigation ................................................................................................. I-34 
conventional fences ................................................................................................................ I -19 
conversion to organics ......................................................................................................... G-11 
cooperia infection, of cattle ................................................................................................... B-37 
Coopworth Sheep Society ofNew Zealand Inc., contact details ........................................... M-4 
COPD (chronic obstructive bronchitis) ................................................................................ B-59 
copper deficiency of livestock .......................................................... B-61 to B-64, B-72 to B-74 

, diagnosis ................................................................................................................... B-73 
, of deer ....................................................................................................................... B-40 
, of goats ..................................................................................................................... B-44 
, prevention .................................................................................................................. B-74 
, treatment ................................................................................................................... B-7 4 

copper, in supplementary feed .............................................................................................. B-60 
copper I sulphur I molybdenum interactions ......................................................................... F-49 
cord, of wood ......................................................................................................................... J-16 
core sample (wool), description of.. ..................................................................................... N-16 
cores (soil), definition of ...................................................................................................... N-16 
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coronet, definition 
corpus lutewn, definition 
correlation, definition of 
Correspondence School, contact details 
Corsican pine 
cortex, definition 
cott (wool), definition 
cotyledons, description 
cover crop, definition 
cow, breeding cow - see beef cattle 

, dairy cow - see dairy cattle 

N-16 
N-16 
N-16 

H-10 
N-16 
N-16 
N-16 
N-17 

COWP copper oxide wire particles ....................................................................................... B-74 
creeping bent, identification .................................................................................................. C-68 
crested dogstail, identification 
crop, see entire chapter I section ............................................................................... D-3 to De 53 

, and Food Research (New Zealand Institute for Crop & Food Research Ltd), 

, bushel weights 
, cash - see cash crops - see also named crops 
, diseases - see plant health 
, feeding 
, fertiliser needs 
, forage I greenfeed - see forage crops - see also named crops 

contact details .......... M -4 

A-158 
F-28 

, growth stages- decimal code and Feeke's scale ......................................... E-79 to E-81 
- diagrams .............................................................................. E-82 to E-84 

, pests -see insect pest control 
, root crops - see forage crops - see also named .crops 
, root depths ................................................................................................................. I-31 
, rotation- for insect pest control... ............................................................................. E-47 

-organic farming ............................................................................................. G-12 
- slowing herbicide resistance .......................................................................... E-ll 

, site choice ................................................................................................................ K-30 
, weeds - see weed control 
, whole crop cereal silage ............................................................................. D-19 to D-23 

cross-breeding, beef cattle .................................................................. A-70, A-71, A-73 to A-75 
, deer ........................................................................................................................ A-122 
, sheep ........................................................................................................... A-26 to A-29 

crown, definition of. ............................................................................................................. N-17 
crown rot disease ................................................................................................................... E-86 
crown rust disease ................................................................................................................. E-85 
crush, cattle ............................................................................................................................ I-49 

, deer ........................................................................................................................... I-50 
, definition of ............................................................................................................. N-17 

crust (soil), definition of ...................................................................................................... N-18 
crutching - see shearing sheep 
cryptorchid ........................................................................................................................... A-23 
Cu (chem. sym.), definition of.. ........................................................................................... N-18 
cubic capacity, measures ........................................................................................................ J-14 
cultivar, definition of ........................................................................................................... N-18 
cultivation, using different implements- time to cultivate a paddock ................................... I-55 
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culvert 
curd, description 
current, definition 
cusec, definition 

, water measure 
cuticle, definition of ............................................................................................................. N -18 
cutter, definition of. .............................................................................................................. N-18 
cutworm control ....................................................................................... E-57, E-60, E-62, E-64 
CWT (hundredweight), conversion to metric ..................................................... J-6, J-11 to J-13 
cyanide poisoning, livestock ...................... : .......................................................................... B-56 
cyclaneusma minor .............................................................................................................. H-34 
cyclone ................................................................................................................................. K-15 

, forecasting ............................................................................................................... K-24 
cypress canker ...................................................................................................................... H-3 5 

D 

dags, meaning 
dags, endophyte effects 
daily rainfall, calculating water balance 
daily temperatures throughout New Zealand, averages for 1951 to 1980 

, recent averages 
dairy beef, definition 
Dairy Breeds Federation, contact details 
dairy cattle, see entire chapter I section 

, see also dairy cow; dairy heifer, etc. 

N-19 

K-29 
K-6 
K-6 

N-19 
M-4 

A-82 to A-103 

: ~;:e~~~~i~~~~~~-:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~:::::::::::::::·;:~98·~~-A~;~~ 
-ancestry records .......................................................................................... A-100 
-animal evaluation measures and uses ........................................................... A-98 
- anoestrus ..................................................................................................... A -102 
-breeding value ............................................................................................... A-99 
-breeding worth .............................................................................................. A-98 
-bulls ............................................................................................................. A-1 02 
- calving difficulty breeding value ................................................................ A -100 
-calving spread ............................................................................................. A-101 
- conception rate ............................................................................................ A -1 01 
-empty rate ................................................................................................... A-101 
- fertility breeding value ................................................................................ A -100 
- guidelines .................................................................................................... A -1 02 
-lactation worth .............................................................................................. A-99 
- liveweight. ................................................................................................... A-1 00 
-longevity ....................................................................................................... A-99 
-non-return rate ............................................................................................. A-101 
-pay-out evaluation ......................................................................................... A-99 
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dairy cattle (continued): 
,breeding 

- pregnancy test 
- production 
- production I evaluation comparisons 
- progeny record~ 
- reliability value 
- submission rate 
-tail paint 
- terms in use 

, culling 
, feeding - see entire chapter I section 

- see also animal nutrition 
- dry 
- heifers 
- milking cows 
- pasture levels 
- supplementary feeding 

, management - see entire chapter I section 
, nutrition- see animal nutrition- see also dairy cattle feeding (above) 
, replacement 

dairy conversion, definition 
dairy cow - see also dairy cattle (above) 

, body condition 
, breeding- see dairy cattle breeding (above) 

A-102 
A-99 

A-100 
A-100 

A-99 
A-101 
A-100 
A-100 

A-90 
A-82 to A-103 

A-82 
A-87 
A-83 
A-84 
A-83 

A-82 to A-103 

A-89 
N-19 

A-90 to A-93 

, calving date .............................................................................................................. A-93 
, drying off ................................................................................................................. A-93 
, lactating ................................................................................................................... A-83 
, liveweight ................................................................................................................ A-82 
, mastitis prevention and treatment ............................................................................ A-94 
, maximising energy intake ...................................................................................... A-163 
, milk. ......................................................................................................................... A-97 
, mid-summer supplements ...................................................................................... A-165 
, nutrition .................................................................................................. A-163 to A-165 
, post -calving supplements ...................................................................................... A -165 
, pre-calving supplements ........................................................................................ A-165 
, protein intake ......................................................................................................... A -163 
, size ......................................................................................................................... A-165 
, weight gain .............................................................................................................. A-83 
, weight loss ............................................................................................................... A-83 
, wintering .................................................................................................................. A-82 

dairy documentation ............................................................................................................. A-96 
dairy effluent, as fertiliser ..................................................................................................... F-12 

, nutrient content ......................................................................................................... F -19 
dairy factory whey, description of ....................................................................................... N-19 
dairy farm, hygiene ............................................................................................................... A-.96 

A-96 
, pasture growth rates .................................................................................................. C-55 
, water requirement ...................................................................................................... I -4 3 

Dairy Farmers of New Zealand, contact details ..................................................................... M-4 
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dairy goats - see goats 
dairy heifer, calfrearing .......................................................................................... A-84 to A-86 

, feeding ........................................................................................................ A-86 to A-88 
, liveweight estimation ............................................................................................... A-86 
, liveweight targets ......... : ........................................................................................... A-86 
, off-farm grazing ....................................................................................................... A-88 

Dairy Industry Association ofNew Zealand, contact details ................................................ M-4 
Dairy InSight Incorporated, contact details 
dairy product safety plan ...................................................................................................... A-96 
dairy shed, hygiene .............................................................................................................. A-96 

, water requirements ........................................................................................... .I-44, I-43 
damping off, ofbrassicas ...................................................................................................... E-92 
dams, water ............................................................................................................................ I -4 3 
danthonia pilosa, identification ............................................................................................. C-67 
DAP (abbr.), meaning of.. .................................................................................................... N-19 
day length for plant growth .................................................................................................. K-31 
D.C. (abbr.), meaning of ...................................................................................................... N-19 
DCE (abbr.), meaning of.. .................................................................................................... N-19 
dead man, meaning of .......................................................................................................... N-19 
dead wool, definition of ....................................................................................................... N-19 
debt, cost of servicing table mortgages 
debt serving ability, definition of... ...................................................................................... N-19 
decimal system ......................................................................................................................... J-3 
decision tree, definition of ................................................................................................... N-19 
deer, see entire chapter I section ......................................................................... A-105 to A-129 

, antler - see velvet 
, breeds- general.. ................................................................................ A-105, A-121, N-9 

-liveweight. ................................................................................................... A-122 
-relative feed requirements ........................................................................... A-122 
-stock units ................................................................................................... A-122 
-wapiti hybrid performance .......................................................................... A-122 
-weight gain comparison .............................................................................. A-122 

, calves I fawns - management.. ................................................................ A -112 to A -123 
- weight targets .............................................................................................. A -114 
-terminology ................................................................................................. A-1 05 

, carcass composition ............................................................................................... A-124 
, crush .......................................................................................................................... I-50 
, determining age ..................................................................................................... A -1 77 
, diseases ........................................................................................................ B-3 8 to B-41 
, elk I wapiti terminology ......................................................................................... A-1 05 
, Farmers Association, contact details 
, feeding - see entire chapter I section 

-of hinds 
- of mature stags 
- of young deer 

, fencing 
, handling 
, hind - body condition score 

- calf losses 
-calving 
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A-105 to A-129 
A-106, A-107 
A-120, A-126 

A-112toA-117 
I-19 

A-125 
A-110 to A-112 

A-109 
A-107 



deer (continued): 
, hind 

- conception rate ............................................................................................ A-1 07 

-reproductive efficiency·'············································································· A-108 
-stag numbers ............................................................................................... A-109 
-weaning percentage ..................................................................................... A-107 

, Industry New Zealand (DINZ) ...................................................................... A-127, M-4 
, management- see entire chapter I section .............................................. A-1 05 to A-129 

- hinds - see hind (above) 
- mature stags ................................................................................................ A -120 
-young deer. ................................................................................... A-112 to A-123 

, nutrition- see animal nutrition- see also deer feeding (above) 
, seasonal physiological changes ............................................................................. A-1 05 
, stock units .............................................................................................................. A-121 
, teaser stags ............................................................................................................ A-108 
, transport ................................................................................................................. A-125 
, velvet - see velvet 
, venison - see venison 
, weighing 
, yards 

A-121 
1-50 

G-8, G-9 
denitrification, meaning of.. ................................................................................................. N-19 
density, imperial I metric conversions and measures ............................................................. J-23 
density (wool), definition of ................................................................................................ N-19 
Department of Labour (OSH), contact details 
depreciation, definition of .................................................................................................... N-19 
depression, location .............................................................................................................. K -11 

, low pressure ................•............................................................................................ K-14 
, pressure gradients .................................................................................................... K -11 

dessertspoon (volume measure), converted to metric ............................................................ J-14 
development budget, definition of ....................................................................................... N-20 
development fertiliser, definition of .................................................................................... N-20 
deviation, definition of ......................................................................................................... N-20 
dewlap, definition of ............................................................................................................ N-20 
Dexcel, contact details 
di-ammonium phosphate ....................................................................................................... F-13 
diamond-back moth control .................................................................................................. E-58 
dicotyledonous (plant species), definition of.. ..................................................................... N-20 
digestibility, feed comparisons .......................................................................................... A-154 
digestible dry matter .......................................................................................................... A-149 
digestion - see animal nutrition 
diminishing returns, definition of 
DINZ (abbr.), meaning 
dips, external parasite control 
direct drilling, pasture 
direct input, definition 
discharges, legislation 

discounting, definition 
discounting factor, definition 
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disease, crop - see plant health 
, livestock - see animal health -see also also named health conditions: abortion; 

milk fever; parasites; trace elements; etc. 
, plants - see plant health 

distance or length, imperial I metric conversions 
distribution, definition 
district plans 
district scheme 
DLWG (abbr.), meaning 
DM (abbr.), meaning 
DM -see dry matter 
DNA (abbr.), description 
doab, identification 
docking lambs 
doe, meaning 

N-20 
L-4, L-5, L-6, L-8 

L-4 
N-20 
N-20 

N-20 

dog, breeding information ...................................................................................... Al74 to A176 
, health 
, sheep measles host .................................................................................................... B-17 
, tucker- definition of. ............................................................................................... N-21 

doing, definition of. .............................................................................................................. N-21 
dolomite, description of ....................................................................................................... N-21 
dolomite magnesium fertiliser .............................................................................................. F-18 
DOM (abbr.), definition of. .................................................................................................. N-21 
domestic water supply- see water ............................................................................. I-43 to I-46 
dominant gene, definition of ................................................................................................ N-21 
donor, meaning of .................................................... ; ........................................................... N-21 
dosing, description of. .......................................................................................................... N-21 
dothistroma .......................................................................................................................... H-34 
double dump, definition of ................................................................................................... N-21 
Douglas fir ................................................................................................................... H-9, H-11 
downland/s, definition of ..................................................................................................... N-21 
Down wool, description of. .................................................................................................. N-21 
downy mildew of peas .......................................................................................................... E-90 
drachm, dram ................................................................................................................ J-13, J-16 
drafting race, cattle .................................................................................................... :············ I-49 
drainage (soil) ............................................................................................................ I-26 to I-30 

, backfill ....................................................................................................................... I-27 
I-28 

-planning stage ................................................................................................. I-30 
- steps in drainage project ................................................................................. I-30 

, installation ................................................................................................................. I-28 
, problems .................................................................................................................... I-26 

- perched water table ......................................................................................... I-26 
- ponding ........................................................................................................... I-26 
-subsurface ....................................................................................................... I-26 
- surface ............................................................................................................. I-26 

, soil profile ................................................................................................................. F-56 
, types of drainage ........................................................................................................ I-27 

-graded banks ................................................................................................... I-27 
-mole drains ............................................................................................. .I-27, I-35 
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drainage (continued): 
, types of drainage 

-open drains ...................................................................................................... I-27 
- strip-drain ........................................................................................................ I-27 
-subsurface .............................................................................................. .I-27, I-29 
- surface .................................................................................................... .I-27, I-28 
-tile pipe (plastic system) ................................................................................. I-27 

, water-table ................................................................................................................. I-26 
drench, anthelmintic .............................................................................................................. B-12 

, bloat 
, copper 
, grass staggers 
, iodine 
, selenium .................................................................................................................... B-66 
, technique ................................................................................................................... B-12 

dressing-out percentage (DO%), definition of.. ................................................................... N-21 
, see also meat, dressing out percentage 

drilling (seed) rates, metric I imperial conversions .................................................................. J-6 
, speed .......................................................................................................................... I-57 

drippers (irrigation) ................................................................................................................ I-42 
_ _ I-8 

drought, definition ................................................................................................................ K-21 
, dryness trend data .................................................................................................... K-21 
, feed supplements ................................................................................................... A-160 
, global warming ........................................................................................................ K-21 

dry (ewes, cows, hinds, etc.), definition of.. ........................................................................ N-22 
dry/dry, definition of. ........................................................................................................... N-22 
dry land, definition of ........................................................................................................... N-22 
dry matter, definition ............................................................................................................. A-3 
dry matter, estimates 

- cereal silage ................................................................................................... D-25 
- forage crop- see also dry matter production (below) ................................... D-17 

D-24 
-maize silage ................................................................................................... D-25 
- meadow hay .................................................................................................. D-25 
- pasture balage ............................................................................................... D-24 
- pasture silage ................................................................................................. D-24 
- squeeze test ................................................................................................... D-24 

dry matter production, of forage crops .......................................... D-6, D-1 0, D-13, D-16, D-17 
, of pastures - see pasture growth rate data 

dry rot ofbrassicas 
dry soil days (DSD) 
DSD (dry soil days) 
DSP (abbr.), meaning of 
dual purpose breed, definition 
dump (wool), definition 
dynamic liveweight effect (DLE) 
dynamic nutrient models, definition 
Dystocia, definition of 
dystocia, sheep 
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E-92 
K-28 
K-28 
N-22 
N-22 
N-22 

A-7 
N-22 
N-22 

A-14, A-26 



E 

early shorn wool, definition of.. ........................................................................................... N-22 
earth irrigation ditches, working life of ................................................................................. I-47 
earthing or grounding system for electric fencing ................................................................. I -16 
earthworms, benefits ............................................................................................................. F-59 

, and fertiliser .............................................................................................................. F-59 
, introducing to farm ................................................................................................... F-59 
, monitoring numbers .................................................................................................. F-59 

easement, definition of. ........................................................................................................ N-22 
easy hill country, definition of ............................................................................................. N-23 
EBL, enzootic bovine leucosis .............................................................................................. B-35 
economic farm surplus (EFS), definition of ........................................................................ N-23 
ecosystem, definition of ....................................................................................................... N-23 
EE (abbr.), meaning of ......................................................................................................... N-23 
effective fibre ..................................................................................................................... A-164 

egg count, parasite 
elasticity of demand, definition 
electrolysis, description 
electrostatic forces, definition 
El Nino I El 
electric fence - see also fences 

, all-live fence 
, earthing 
, earth-wire return 

K-22 
N-23 

, energizers ................................................................................................................... I -13 
, estimating total length of fencing on farms ............................................................... I-20 
, fault finding ....................................................................................................... I-17, I-18 
, fibreglass posts ............................................................................................................ I-9 
, for stock- cattle ......................................................................................................... I-20 

-dairy cattle ....................................................................................................... I-20 
-goats ................................................................................................................ I-20 

Jigs .................................................................................................................. I-20 
- sheep ............................................................................................................... I-20 

, hardwood posts ............................................................................................................ I-8 
, insulators .................................................................................................................... I -14 
, lead-outs ............................................................................................................. .I-7, I-16 
, lightning diverter kit .................................................................................................. I -16 
, safety requirements and regulations .......................................................................... I -18 
, tensioning wires ........................................................................................................... I-5 
, testing and fault finding .................................................................................... .I -1 7, I -18 
, training stock ............................................................................................................. I -1 7 
, volt meter ................................................................................................................... I-17 
, wire joints .................................................................................................................... I-6 
, wire I wire spacings ................................................................................................... I-20 
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electric motor, working life of ............................................................................................... I-47 
electrical, measures and terms 

, supplies alternatives ................................................................................................. K-22 
elemental sulphur fertiliser ..................................................................................................... F-9 
ELISA louse test ................................................................................................................... B-19 
embryo transfer (ET), definition of.. .................................................................................... N-23 
employment legislation (health and safety) .......................................................................... L-12 
empty cows I hinds, meaning of .......................................................................................... N-23 
Emu Farmers' Association, contact details ............................................................................ M-7 
endemic, definition of .......................................................................................................... N-23 
endophyte, AR1 

, Argentine stem weevil susceptibility .......................................................................... C-3 
, heat stress .................................................................................................................... C-4 
, inryegrass ........................................... : ............................................................. C-3, C-10 

, ryegrass alternatives 
, ryegrass cultivar effects 
, ryegrass staggers ....................................................................................................... B-50 
, seed infection level 
, sheep dagginess 

energy, in 
, power- imperial I metric conversions and measures ................................................ J-20 

English trefoil, identification 
enterprise, definition 
entire, definition 
entire lambs 
enterotoxaemia, of sheep 

N-23 
N-23 
A-23 

environment, adverse effects to (legislation) .......................................................................... L-5 
environmental contamination by herbicide ........................................................................... E-1 0 
Environmental Impact Renort ................................................................................................. L-6 
enzootic ataxia 

, of deer 
enzootic pneumonia, of sheep ............................................................................................... B-26 
enzymes, definition of. ......................................................................................................... N-23 
epididymitis, of sheep 
Epsom salt magnesium fertiliser ........................................................................................... F -18 
Equine Industry Training Organisation Inc., contact details ................................................. M-9 
equity, definition of. ............................................................................................................. N-23 
equity capital, definition of .................................................................................................. N-23 
equivalent acidity (of fertilisers), meaning of.. .................................................................... N-24 
ergovaline, definition of.. ..................................................................................................... N-24 
erosion of soil ............................................................................................................... F-54, F-58 

, control with trees ..................................................................................................... H-16 
, land-legislation ........................................................................................................... L-5 

esplanade reserves or strins ..................................................................................................... L-9 
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eucalypt ........................................................................................................... H-9, H-13 to H-14 
eucalyptus tortoise beetle control. ......................................................................................... E-67 
eutrofication, definition of ................................................................................................... N-24 
evapotranspiration, averages .................................................................................................. K-5 

, calculate water demand ..................................................................................... I-44, I-34 
, estimate .................................................................................................................... K-29 
, definition of ............................................................................................................. N-24 
, formula .................................................................................................................... K-29 

expected calving order, definition of.. ................................................................................. N-24 
extensive systems, definition of ........................................................................................... N-24 
external parasites - see parasites 
extractable organic S, definition of ...................................................................................... N-24 
eye clips, definition of .......................................................................................................... N-24 
eye-dog, definition of ........................................................................................................... N-24 
eye spot disease ...................................................................................................................... E-86 

F 

°F (abbr.), meaning of .......................................................................................................... N-24 
Fl, meaning of ..................................................................................................................... N-24 
F2, definition of ................................................................................................................... N-24 
facial eczema ....................................................................................................... B-4, B-40, B-49 
fadge, definition of. .............................................................................................................. N-25 
faecal egg count .................................................................................................................... B-13 
Fahrenheit I Celsius temperature conversions ....................................................................... J-24 
Fallow deer ................................................................................................... A-1 05, A-175, B-77 
fallow, definition of ............................................................................................................. N-25 
fallowing, definition of ........................................................................................................ N-25 
FAR, contact details ............................................................................................................... M-5 
farm buildings I structures ..................................................................................................... I-48 
farm employees, health and legislations ............................................................................... L-12 
farm equipment ........................................................................................................................ 1-1 
farm finance, cost of servicing table mortgages .................................................................... J-27 
farm forestry, see entire chapter I section ................................................................. H-1 to H-43 

, Association, contact details ....................................................................................... M-7 
, board and veneer regime .......................................................................................... H-28 
, certification requirements .......................................................................................... H-5 
, chipwood regime ..................................................................................................... H-28 
, clearwood radiata management schedule ................................................................ H-23 
, common and botanical names charted ........................................................ H-10 to H-15 
, environmental issues ............................................................................................... H-16 
, erosion control with trees ........................................................................................ H-16 
, establishing trees ..................................................................................................... H-24 

-bare rooted seedling size ............................................................................... H-24 
- blanking ........................................................................................................ H-27 
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farm forestry (continued): 
, establishing trees 

-common plantation spacings ......................................................................... H-27 
-fertiliser ............................................................................................ H-25 to H-26 
-growth and form ............................................................................................ H-24 
-planting technique ......................................................................................... H-25 
-releasing ........................................................................................................ H-27 
-root trainers ................................................................................................... H-24 
-spacing .......................................................................................................... H-26 
-spade planting ............................................................................................... H-25 
-spot application of fertiliser .......................................................................... H-26 
-weed control .................................................................................................. H-27 

, forest certification ...................................................................................................... H-5 
, framing radiata management schedule .................................................................... H-23 
, framing timber regime ............................................................................................. H-28 
, global warming ........................................................................................................ H-19 
, grazing stock ............................................................................................................ H-35 

-bark stripping ................................................................................................ H-35 
- stocking rate .................................................................................................. H-35 

, growth of non-radiata species .................................................................................... H-9 
, growth rates ofradiata pine ....................................................................................... H-8 
, harvesting- crop values ........................................................................................... H-36 

-cutting rights ................................................................................................. H-36 
-log grades domestic ...................................................................................... H-36 
-log grades export ........................................................................................... H-36 
-marketing plan .............................................................................................. H-36 

farm forestry (continued): 
, indigenous forestry plantings .................................................................................. H -17 
, indigenous forestry remnants ................................................................................... H -17 
, industry outline .......................................................................................................... H-3 
, landscape planning- coherence ............................................................................... H-16 

-design principles ........................................................................................... H-16 
-diversity ............................................................................................... : ........ H-16 
- naturalness .................................................................................................... H -16 

, log 
, management schedule example 
, marketing 

H-37 
H-32 
H-36 
H-17 , native trees 

- bush remnants H-17 to H-18 
- conservation management.. ........................................................................... H -17 
-covenants or protection ................................................................................. H-18 
- Forest Amendment Act ................................................................................. H -17 
- harvesting permit .......................................................................................... H -17 
-management practices ................................................................................... H-18 
- species care ................................................................................................... H -18 

, pastures underneath - lotus major ............................................................................. C-31 
, pests and diseases .......................................................................................... H-34, H-35 
, planning ............................................................................................................. H-3, H-4 
, posts and pole regime .............................................................................................. H-28 
, protecting trees from animal pests, stock and fire ......................................... H-23, H-34 
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farm forestry (continued): 
, pruning ........................................................................................................ H-28 to H-30 

- clearwood pruning ........................................................................................ H-30 
-crown lightening ........................................................................................... H-30 
-form pruning ................................................................................................. H-30 
- sail pruning ................................................................................................... H-3 0 
-selecting trees to prune ................................................................................. H-29 
-variable height technique .............................................................................. H-29 

, pulpwood regime ..................................................................................................... H-28 
, radiata management schedule example ................................................................... H-32 
, Resource Management Act.. .................................................................. H -4, L-3 to L-11 
, selecting a site .................................................................................................... H-5, H-6 
, selecting a species ...................................................................................................... H-6 
, shelterbelt - see shelterbelt main entry 
, site factors .................................................................................................................. H-6 

- altitude ............................................................................................................ H -7 
-aspect .............................................................................................................. H-7 
- climate ............................................................................................................. H -6 
-soils ................................................................................................................. H-7 
- vegetative cover ............................................................................ , ................. H-7 

, site index .................................................................................................................... H-8 
, site preparation for planting ........................................................................ H-20 to H-23 
, smallwood regime ................................................................................................... H-28 
, stems per hectare crop stockings ............................................................................. H-30 
, tree variety characteristics- see also tree varieties ......................................... H-8 to H-9 
, value of log grades ................................................................................................... H-37 
, wide spaced with grazing regime ............................................................................ H-28 
, woodlot management- pruning ............................................................................... H-28 

-tending regimes for chosen products ............................................................ H-28 
-thinning ......................................................................................................... H-30 

, yield- ofnon-radiata species ..................................................................................... H-9 
- ofradiata pine ...................................................................................... H-8 to H-9 

farm improvements .................................................................................................................. I -1 
farm monitoring, daily weather ............................................................................................ K-29 

, shade temperature .................................................................................................... K-29 
, soil temperature ............................................................................................. K-29, K-32 

farm roads .................................................................................................................. I-21 to I-26 
, aggregate .................................................................................................................... I-23 
, bends and turning circles ........................................................................................... I-21 
, bridge and culvert design ........................................................................................... I-24 
, fills and cuttings ........................................................................................................ I-24 
, grades ......................................................................................................................... I-21 
, maximum culvert spacing .......................................................................................... I-24 
, position ofroad .......................................................................................................... I-21 
, water-table drainage .................................................................................................. I-24 

farm storage ............................................................................................................... I-48 to 1-53 
, dimensional data for design ....................................................................................... I-48 
, equipment space ........................................................................................................ I-48 
, grain .................................................................................................................. .I-52, I-48 
, livestock space ........................................................................................................... I-48 
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farm structures ....................................................................................................................... I-48 
farm water supply ...................................................................................................... I-43 to I-46 
farmer's lung .......................................................................................................................... B-59 
farrowing, meaning of. ......................................................................................................... N-25 
fasciola hepatica - see liver fluke 
fat, as energy reserve .............................................................................................. A-147, A-165 
fat cover - see body condition score 
fat lamb - see meat; lamb 
fathom (measurement) ........................................................................................................... J-10 
Fe (chem. sym.), definition of. ............................................................................................. N-25 
fecundity, definition of. ........................................................................................................ N-25 
Federated Farmers ofNew Zealand, contact details .............................................................. M-5 
Federation of Young Farmers Clubs Inc., contact details ...................................................... M-7 
feed, see also animal nutrition ; named feeds 

, analysis - for feeding value .................................................................................... A -171 
-for trace elements ...................................................................................... B-61 

, budgeting- estimating forage crop DM content ...................................................... D-17 
-estimating pasture mass I quantity ........................................................... C-41 
-estimating silage and hay DM content... ................................................. D-24 
-pasture growth rate estimates ...................................................... C-48 to C-62 
-pasture rationing ....................................................................................... A-4 

, conversion efficiency, definition of ......................................................................... N-25 
, digestibility ............................................................................................................ A -154 
, intake ...................................................................................................... A-154 to A-157 
, Manufacturers' Association, contact details .............................................................. M-7 
, poisoning ................................................................................................................... D-3 
, quality - see feed value - see also pasture quality 
, related illness ........................................................................ B-46 to B-57, B-58 to B-60 

- see also trace elements 
, requirement calculations ......................................................................... A-161 to A-162 
, requirements of stock - see also named animals; animal nutrition 

-general ..................................................................................................... A-3, A-4 
-of all farm livestock ............................................................. A-147 to A-165, B-3 
- ofbeefcattle .............................................................. A-65 to A-67, A-77 to A-79 
-of dairy cattle ................................................................................... A-82 to A-88 
-of deer ............................................................... A-105 to A-107, A-112 to A-126 
-of goats ............................................................................. A-132 to A-135, A-145 
- of sheep ............................................................ A-5 to A-10, A-17 to A-21, A-26 

, sampling for testing ............................................................................................... A-170 
, supplement... .......................................... A-153, A-157, A-158 to A-161, A-165, A-166 
, utilisation, definition of ........................................................................................... N-25 
, value- see entire chapter I section .......................................................... A-147 to A-171 

-tables ............................................................................................ A-166 to A-170 
feedlot, definition of. ............................................................................................................ N-25 
feet, head (pressure) .............. , ................................................................................................ J-22 
feet, to mm I em I metre I fathom I gallon I yard .......................... J-4, J-8, J-1 0, J-14, J-16, J-19 
felt, definition of .................................................................................................................. N-25 
felting property, definition of. .............................................................................................. N-25 
fence- see entire chapter I section ............................................................................... I-3 to I-20 

- see also wire, posts, etc. 
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fence, conventional fences ..................................................................................................... I -19 
, corrosion ofwire .......................................................................................................... I-5 
, deer fencing ............................................................................................................... I -19 
, designs I types ............................................................................................................ I -19 
, electric- all-live ......................................................................................................... I-15 

-designs ............................................................................................................ I-20 
- earthing ........................................................................................................... I-16 
- earth -wire return ............................................................................................. I -15 
- energisers ......................................................................................................... I -13 
- fault finding ..................................................................................................... I -17 
- insulators ......................................................................................................... I -14 
-lead-outs .......................................................................................................... I-16 
-safety requirements and regulations ............................................................... I-18 
-tensioning wires ................................................................................................ I-5 
- testing and fault finding .................................................................................. I -1 7 
- training stock. .................................................................................................. I -1 7 
- wire spacings ................................................................................................... I-20 
- wire joints ......................................................................................................... I-6 

, estimating length of fencing on farms I hill farms .................................................... I-20 
, goats ....................................................................................................................... A-139 
, lightning dropper ...................................................................................................... I-19 
, netting ................................................................................................................. .I-19, I-7 
, posts ...................................................................................................................... .I-8, I-9 
, soilcon ........................................................................................................................ I-19 
, staples .......................................................................................................................... I-7 
, strainer assemblies ....................................................................................................... I -9 
, straining ........................................................................................................... I-9 to I-12 
, types ........................................................................................................................... I-19 
, typical- North Island ................................................................................................. I-19 

-South Island .................................................................................................... I-19 
, wire 

feral goats - see goats 
fertigation, definition of ........................................................................ , .............................. N-26 
fertilisation, definition of ..................................................................................................... N-26 
fertiliser, see entire chapter I section ........................................................................... F-3 to F-21 

, blending .................................................................................................................... F-32 
, choice- nutrient availability ..................................................................................... F-31 

-physical form ... , ............................................................................................. F-31 
, compatibility of blends .............................................................................................. F-32 
, costing ....................................................................................................................... F-30 
, foliar and liquid ........................................................................................................ F-21 
, magnesium -leaching ............................................................................................... F-18 

-types ............................................................................................................... F-18 
, Manufacturers' Research Association, contact details .............................................. M-7 
, nitrogen- see entire section .......................................................................... F-13 to F-18 

- application rates ............................................................................................. F -15 
- application timing .......................................................................................... F -15 
- crop growth response ..................................................................................... F -16 
-leaching control. ............................................................................................. F-16 
-lime and acidity ..................................................................... " ....................... F-13 
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fertiliser (continued): 
, nitrogen 

-pasture growth response ................................................................................. F-15 
-pasture seasonal response .............................................................................. F-16 
- plant tissue analysis ....................................................................................... F -15 
- soil testing ...................................................................................................... F -15 
-types ............................................................................................................... F-13 

, nutrient content labelling ............................................................................................ F -4 
, organic ...................................................................................................................... F-19 

-effluent application rates ................................................................................ F-20 
- nutrient analysis ............................................................................................. F -19 
- nutrient leaching ............................................................................................ F -19 

, phosphatic .......................................................................................................... F-5 to F-8 
-analysis and availability ................................................................................... F-5 
- citric solubility test. .......................................................................................... F -6 
-fixation ............................................................................................................. F-8 
-major types ....................................................................................................... F-5 
-measuring available phosphate ........................................................................ F-6 
- RPR ........................................................................................................ F-5 to F-9 
- when to apply ................................................................................................... F -8 

, poisoning .................................................................................................................. F-23 
, potassium- application timing ................................................................................. F-12 

-types ............................................................................................................... F-12 
, requirements- for crops ............................................................................................ F-28 

-for hay and silage ........................................................................................... F-27 
-for pasture- see entire chapter I section ....................... F-5 to F-21, F-24 toF-26 

, restriction on use (legislation) .................................................................................... L-9 
, spreading rates .................................................................................................... J-6, J-26 
, sulphur ............................................................................................................... F-9, F-10 
, toxicity to animals .................................................................................................... F-23 
, toxicity to seedlings .................................................................................................. F-23 
, trace elements ........................................................................................................... F-50 
, for trees - see farm forestry 
, user codes of practice ................................................................................................. F-3 
, withholding effect ..................................................................................................... F-26 

Fertmark Society Inc., contact details .................................................................................... M-5 
FF (abbr.), meaning of ......................................................................................................... N-26 
FH (abbr.), meaning of. ........................................................................................................ N-26 
fibre, content in pasture plants ........................................................................................... A-151 

, diameter video analyser- description of .................................................................. N-26 
, effective- of pasture .............................................................................................. A-164 
, fineness distribution analyser (FFDA) - description of ........................................... N-26 

field capacity (soil) ................................................................................................................ 1-32 
field cricket control ............................................................................................................... E-51 
field efficiency, of tractor use ................................................................................................ 1-57 
fills and cuttings, farm roads .................................................................................................. 1-24 
filly, definition of ................................................................................................................. N-26 
filtration, trickle irrigation ..................................................................................................... 1-42 
finance budget, definition of ................................................................................................ N-26 
finance, cost of servicing table mortgages ............................................................................. J-27 
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finishing, meaning of ........................................................................................................... N-27 
Fire Authority, contact details ................................................................................................ M-6 
Fire-fighting, water requirements ................................................................................. .I-46, I-53 
first cross, definition of ........................................................................................................ N-27 
fish meal, feeding value ..................................................................................................... A-168 
fixation, definition of ........................................................................................................... N-27 
fixed-boom LHW irrigators .......................................................................................... .I-41, I-40 
fixed capital, definition of. ................................................................................................... N-27 
fixed costs, definition of ...................................................................................................... N-27 
fl. (abbr.), meaning of .......................................................................................................... N-27 
flank painting, description of ............................................................................................... N-27 
flat, definition of .................................................................................................................. N-27 
flat to rolling land, definition of... ........................................................................................ N-27 
fleece rot. ................................................................................................... ; ................ A-38, N-27 
fleece weight ........................................................................................................................ A-45 
floating sweet grass, identification 
flood irrigation 
flow rate of sprays, volume I unit time 
flow rate measures, water 
fluid drachm, ounce 
fluke, liver 
flushing ewes 
fly-strike 
FNF (abbr.), meaning 
f.o.b. (abbr.), meaning of 
fodder beet, feeding 
fodder radish, feeding 
foliar fertiliser 
foliar fungicides 
Fonterra Co-operative Group Ltd, contact details 

I-34 

6 
8 

C-23, N-27 
B-19 
N-27 
N-24 

A-168 
A-168 

F-21 
E-88 

Food Safety Authority, contact details ................................................................................... M-7 
foot abscess, of sheep ............................................................................................................ B-25 
foot and mouth disease .......................................................................................................... B-78 

, MAFF hotline number 
, signs 

foot-bath, sheep 
footrot, of cattle ..................................................................................................................... B-33 

, of goats 
, ofsheep ..................................................................................................................... B-25 

forage crops, see entire chapter I section .................................................................. D-3 to D-18 
, see also named crops 
, animal health prob1ems ............................................................... B-57, D-3 to D-5, D-10 
, brassicas - chou moellier ............................................................................ D-1 0 to D-12 

-diseases .................................................................................................. D-4, E-92 

-liming 
-pests 

-root crops 
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D-13 to D-15 
D-5 toD-9 



forage crops (continued): 
, brassicas 

- sowing ............................................................................................................. D-3 
-swedes ............................................................................................................. D-5 
-turnips ............................................................................................................. D-5 
- weed control. ................................................................................................... D-4 

, cereals ......................................................................................................... D-16 to D-18 
-barley ............................................................................................................ D-16 
-oats ................................................................................................................ D-16 
- ryecom .......................................................................................................... D-16 

, chou moellier .............................................................................................. D-1 0 to D-12 
, dry matter estimation ............................................................................................... D-17 
, feed value - see animal nutrition 
, feeding off wastage .................................................................................................... D-3 
, kale ............................................................................................................. D-10 to D-12 
, oats ........................................................................................................................... D-16 
, rape ............................................................................................................. D-13 to D-15 
, ryecom ..................................................................................................................... D-16 
, ryegrasses (annual I biennial greenfeed) ................................................................. D-16 
, swedes ............................................................................................................. D-5 to D-9 
, turnips ............................................................................................................. D-5 to D-9 

, wastage allowance···················································'················································· D-3 
f.o.b. (abbr.), definition of. ................................................................................................... N-27 
foetus, definition of .............................................................................................................. N-27 
follicle, description of .......................................................................................................... N-27 
foot (fencing), description of ............................................................................................... N-27 
forage herbs - see herbs 
forcing yard, stock ................................................................................................................. I-48 
Forest Certification Council. .................................................................................................. H-5 
Forest Industries Training and Education Council, contact details ....................................... M-5 
forest metrics, imperial and metric measurements I conversions .......................................... J-28 
Forest Research, contact details ............................................................................................. M-5 
forestry - see farm forestry - see also tree varieties; shelterbelt 
forestry, climate change ....................................................................................................... K-22 
formononetin, definition of .................................................................................................. N-28 
fossil fuel, global warming .................................................................................................. K-20 
fostering, definition of ......................................................................................................... N-28 
Foundation for Arable Research (FAR), contact details ........................................................ M-5 
Foundation for Research, Science and Technology (FORST), contact details ...................... M-5 
founder (disease) ......................................................................................................... B-32, B-57 
four-tooth, definition of ....................................................................................................... N-28 
free (fleece), definition of .................................................................................................... N-28 
free or nearly free (FNF), definition of.. .............................................................................. N-28 
freemartin, meaning of ......................................................................................................... N-28 
frequency, definition of.. ...................................................................................................... N-28 
friable, meaning of ............................................................................................................... N-28 
fribs (wool), definition of.. ................................................................................................... N-28 
Friesian I Holstein genetics ................................................................................................ A-165 
frizzy (wool), definition of ................................................................................................... N-28 
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fronts, climatic definition ..................................................................................................... K-24 
, weather map ............................................................................................................. K-23 

frost, conditions for .............................................................................................................. K -11 
, forecasting dew-point temperature .......................................................................... K-24 
, weather forecast ....................................................................................................... K-24 

frost heave, meaning of. ....................................................................................................... N-28 
frothy bloat - see bloat 
fuel, biofuel 
fungal abortion, of cattle 
fungal disease, of cereal crops 

, of grass seed crops 

K-22 

E-85 to E-89 
E-93 
E-90 

fungal growth, in silage ......................................................................................................... B-58 
fungal spores, facial eczema 
fungal toxins .......................................................................................................................... B-50 
fungicide, application timing ................................................................................................ E-78 

, resistance management ............................................................................................. E-78 
, types and roles 

fungus, endophyte 
, sclerotia ..................................................................................................................... B-59 

furlong, to metres I miles ................................................................................................ J-8, J-10 
fusarium head blight ............................................................................................................. E-88 
futures, explanation of ......................................................................................................... N-28 
Fuzzy (wool), definition of .................................................................................................. N-28 

G 

g (abbr.), meaning of ........................................................................................................... N-29 
gallon (measurement) ................................................................................................. J-14 to J-16 

, per acre to litres/hectare ................................................................................. J-17 to J-19 
, per hour/minute -to metric equivalent ...................................................................... J-19 

galls 
gametes, definition 
garden, water requirements 
gastrointestinal parasites 
GDP (abbr.), meaning 
gearing, definition 
gelding, definition 
gene interaction, meaning 
generation interval, meaning 
genes, description 
genetic drift, definition 
genetic engineering, explanation 
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N-29 
I-53 

N-29 
N-29 
N-29 
N-29 
N-29 
N-29 
N-29 
N-29 



genetics, dairy cows ........................................................................................................... A-165 
, sheep ............................................................................. A-12, A-25, A-27, A-30 to A-33 
, wool ..................................................................................... : ................................... A-45 

genotype, definition of ......................................................................................................... N~29 
gestation, meaning of ........................................................................................................... N-29 
gestation period table ......................................................................................................... A-175 
GF (abbr.), meaning of ......................................................................................................... N-29 
GI (abbr.), meaning of ......................................................................................................... N-29 
gilt, definition of .................................................................................................................. N-29 
global climate ....................................................................................................................... K-12 
global warming, see entire section ................................................................ K-16, K-19 to K-21 

, see also trees (below) 
, 1000 year temperatures ............................................................................................ K-20 
, carbon dioxide level ................................................................................................ K-20 
, drought ..................................................................................................................... K-20 
, flood ............................................................................................................... K-20, K-21 
, fossil fuel ................................................................................................................. K-20 
, hurricane .................................................................................................................. K-20 
; sun-spot activity ....................................................................................................... K-20 
, trees - carbon trading ............................................................................................... H -19 

- deforestation .................................................................................................. H-19 
-Kyoto Protocol .............................................................................................. H-19 
-species choice ............................................................................................... H-19 

GM (abbr.), meaning of ....................................................................................................... N-29 
goat, see entire chapter I section ......................................................................... A-130 to A-146 

, breeds ......................................................................................................................... N-9 
, Council- contact details .......................................................................................... M-64 
, dairy- breeds ......................................................................................................... A-145 

-establishing a dairy farm ............................................................................. A-145 
, determining age ..................................................................................................... A-178 
, diseases ............................................................................... A-138, A-139, B-42 to B-45 
, feeding- see entire section ......................................................... A-132 to A-137, A-146 

-dairy goats ................................................................................................... A-145 
-eating behaviour .......................................................................................... A-132 
-lactation ....................................................................................................... A-136 
-maintenance feed ........................................................................................ A-135 
-pasture height ................................................................................... A-132, A-135 
-post grazing pasture mass ........................................................................... A-135 
-supplementary feeding ................................................................................ A-133 

, fencing ................................................................................................................... A-139 
, feral ........................................................................................................................ A-134 
, fibre production ......................................................................................... A-143, A-144 
, for pasture improvement.. .......................................................................... A-132, A-140 
, for weed control ......................................................................................... A-140, A-141 
, grazing management ............................................................................................... A-132 
, growth stasis .......................................................................................................... A-134 
, health .................................................................................. A-138, A-139, B-42 to B-45 
, husbandry ............................................................................................... A-130 to A-146 
, in rain and cold ...................................................................................................... A-139 
, introducing onto mixed farms ............. , ................................................................. A-130 ,\',' 
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goat (continued) 
, kid birth weight ...................................................................................................... A- I 34 
, kidding .................................................................................................................... A-137 
, liveweight .............................................................................................................. A-131 
, liveweight targets ................................................................................................... A-137 
, management section ............................................................................... A-130 to A-146 
, mating management.. ............................................................................................. A -13 7 
, meat production ........................................................................................ A-141, A-142 
, mixed stocking ........................................................................................... A-130, A-133 
, nutrition- see animal nutrition; see also feeding (above) 
, scrub feeding ......................................................................................................... A-140 
, shelter ................................................................................................................... A-139 
, sire ratios ............................................................................................................... A-137 
, stock units .............................................................................................................. A-130 
, stocking rate ................................................................................... A-131, A-133, A-134 
, stress abortion ........................................................................................................ A-134 
, water supply ........................................................................................................... A-140 
, weaning .................................................................................................................. A-138 
, weed control with ........................................................................................ A-131, G-16 
, yards ....................................................................................................................... A-139 

goats, as opportunistic feeders ........................................................................................... A -13 2 
, as parasite hosts ........................................................................................................ B-11 

goiter ........................... o ..................................................................... A-170, B-74, D-10 to D-12 
goitrogens, definition of ....................................................................................................... N-29 
gorse control, biological. ....................................................................................................... E-12 

, spray ............................................................................................................. 0 ............ E-20 
grab sample, description of .................................................................................................. N-30 
Grade bull, definition of. ...................................................................................................... N-1 0 
graded banks (drainage) ....... 0. 0 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 0 ••••••••••••••••••••••••••••••••• I-2 7 
grades, for roads ..................................................................................................................... I-21 
grading, definition of .. 0 ........................................................................................................ N-30 
grading-up, definition of ...................................................................................................... N-30 
Grain and Seed Trade Association, contact details ................................................................ M-7 
grain, 1000 grain weight (TGW) ............................................................................... D-37, D-41 

, bushels - weight 
, drying and storage .............................................................. D-29, D-40, D-44, I-52, I-53 
, imperial measure .............................................................................................. J-13, J-16 
, poisoning .................................................................................................................. B-57 
, storage .................. ; ................................................................................ o ............ I-48, I-52 
, store pests ................................................................................................................. E-66 
, weight -per cubic metre ............................................... , ............................................ I-48 

grams per litre, to ounces/pounds per gallon ......................................................................... J-23 
grams, to ounces/pound~L ....................................................................................... J-6, J-11, J-13 
grape pomace, feeding value .............................................................................................. A-168 
grass, see also pasture grasses; named species 

, establishment I renewal ................................................................................... C-6 to C-8 
, feed values ............................................................................................................. A-166 
, identification ............................................................................................................. C-65 
, types I cultivars I species ............................................................................. C-1 0 to C-16 

grass fence, description of .................................................................................................... N-30 
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grass-grub ................................................................................................................................ C-3 
, control ................................................................................................... E-52, E-60, E-67 

Grassland Association, contact details ................................................................................... M-7 
grass seed crop, diseases ....................................................................................................... E-93 

, production guidelines .............................................................................................. D-45 
grass staggers, of cattle .................................................................................. B-31, B-51 to B-53 

, fertiliser effects ......................................................................................................... F-34 
, potassium fertiliser ................................................................................................... F -12 
, timing lime applications ........................................................................................... F-40 

grating, for woolsheds ............................................................................................................ I-50 
grazing management 
grazing plan, definition 
grazing under trees - see farm forestry; grazing stock 
greasy wool, definition 
green matter, in diet 
green skin, definition 
greenfeed crops - see forage crops 
greenhouse effect -see global warming 
greenhouse gas 
grind, definition 
GR measurement, definition 
Groundspread Fertilisers Association Inc., contact details 
gross domestic product (GDP), definition 
gross margin (GM), definition 
grouping (wool), definition 
growing degree-days 
Growsafe, agrichemical training 

, contact details 
growth and form (GF or GF PlusTM), definition 
growth-promotants, definition 

N-30 
A-151 
N-30 

K-11 
N-30 
N-30 

N-30 
N-30 
N-31 

K-30, K-31 
E-5, E-6 

growth regulator, barley ....................................................................................................... D-43 
, insect control on livestock 

D-40 
gudgeons, description of ...................................................................................................... N-31 
guide wire, definition of. ...................................................................................................... N-31 
Guild of Agricultural 1 ournalists and Communicators, contact details ................................. M -7 
gully erosion, definition of. .................................................................................................. N-31 
gummies, definition of ......................................................................................................... N-31 
gummy, definition of ........................................................................................................... N-31 
gut, definition of... ................................................................................................................ N-31 
gut-fill, beef cattle ................................................................................................................ A-80 

A-24 
gypsum ........................................................................................................................ F-10, N-31 
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ha (abbr.), definition 
hail, cannon 

, insurance 
, netting 

hairy shaker disease, of sheep 

H 

N-31 
K-15 
K-15 
K-15 

halfbred wool, description of ............................................................................................... N-32 
halo hair, definition of... ....................................................................................................... N-32 
hand (measure), conversion to centimeters I inches .............................................................. J-10 
handle (ofwool, etc.), definition of ...................................................................................... N-32 
handy dog, definition of ....................................................................................................... N-32 
hard feed, definition of... ...................................................................................................... N-32 
hardwood post, baton ............................................................................................................... 1-8 
hardwoods, definition of ...................................................................................................... N-32 
haresfoot trefoil, identification .............................................................................................. C-72 
harrow, speed of operation ..................................................................................................... I-57 
harvest index, definition of .................................................................................................. N-32 
harvest measures, imperial I metric conversions 
harvesting, time taken to harvest a I-55 

, bale dimensions 
, dry matter estimates ................................................................................................. D-25 
, feed value ................................................................................................... A-153, A-166 
, fertiliser needs .......................................................................................................... F-27 
, lucerne 
, samples for testing 

hazardous substances 
, legislation 

A-170 
6 

L-8 
L-6 

L-12 
HB (abbr.), meaning of ........................................................................................................ N-32 
HD (abbr.), meaning of ........................................................................................................ N-32 
head, pressure ......................................................................................................................... J-22 
head smut disease of prairie grass ......................................................................................... E-93 
heading dog, definition of ..................................................................................................... B-32 
health and safety employment legislation ............................................................................. L-12 

, consulting employees ............................................................................................... L-14 
, contractors' safety ..................................................................................................... L-14 
, duties of employers I employees .............................................................................. L-12 
, hazards - assessing .................................................................................................... L-13 

- controlling ...................................................................................................... L-13 
- identifying ...................................................................................................... L-12 

, legislation, workplace definition .............................................................................. L-12 

, penalties 

p- 39 

L-14 
L-14 
L-14 



health and safety legislation (continued): 
, visitors' safety 

health, animal - see animal health 
health indicators, animal 
heart rates, animal 
heat, (oestrus) monitoring 

L-14 

, of various stock (age, timing, etc.) ........................................................................ A-175 
heat stress, endophyte 

, ryegrass endophyte effect 
heavy metals, definition of. .................................................................................................. N-32 
hectare, conversion to I from acres I roods ....................................................................... J-4, J-5 
hedging (financial), definition of ......................................................................................... N-33 
herb, pasture ................................................................................................................ C-33, C-34 
herbage analysis .................................................................................... F-15, F-42 to F-46, F-50 

, interpreting results .................................................................................................... F-43 
, sampling herbage ...................................................................................................... F-42 
, standards- for barley ................................................................................................ F-45 

- for maize ........................................................................................................ F -46 
-for ryegrass .................................................................................................... F-44 
-for wheat ........................................................................................................ F-45 
-for white clover .............................................................................................. F-44 

, when to sample ......................................................................................................... F-42 
herbicide for weeds, see entire chapter I section ...................................................... E-13 to E-3 5 

, for spot application of problem weeds ........................................................ E-18 to E-26 
, in beans ..................................................................................................................... E-30 
, in brassicas ................................................................................................................ E-32 
, in cereal crops .............................................................................................. E-26 to E-27 
, in clover seed crops .................................................................................................. E-35 
, in forage crops .......................................................................................................... E-3 3 
, in lucerne weeds .......................................................................................... E-15 to E-17 
, in maize ....................................................................................................... E-28 to E-29 
, in pasture .................................................................................................................. E-13 
, in peas ....................................................................................................................... E-31 
, in rye grass seed crops ............................................................................................... E-34 

herbicide resistance ............................................................................................................... E-ll 
herbicide use ......................................................................................................................... E-1 0 
herbivore, definition of ........................................................................................................ N-33 
Hereford Association, contact details 
Hereford I Friesian beef breeding 
heritability, definition 
heritage orders, protection orders 
Heritage Protection Authority ................................................................................................. L-9 
hermaphrodite, meaning of .................................................................................................. N-33 
heterosis, definition of ......................................................................................................... N-33 
heterozygote, meaning of. .................................................................................................... N-33 
Hfr. (abbr.), meaning of ....................................................................................................... N-33 
Hgt. (abbr.), meaning of... .................................................................................................... N-33 
hide, description of. .............................................................................................................. N-33 
high country, definition of ................................................................................................... N-33 
high density dump (wool), definition of.. ............................................................................ N-33 
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high tensile wire 
hill country, definition 

, environment affecting productivity 
, measuring area on slopes 
, oversowing 
, shady aspect productivity 
, stock camps 
, subdivision .................................................................................................................. C-8 

hogget pneumonia, of sheep 
holding yards, stock ............................................................................................................... I-48 
Holstein I Friesian genetics ................................................................................................ A-165 
homozygote, definition of .................................................................................................... N-34 
horizon (of soil), definition of... ........................................................................................... N-34 
hormone, description of ....................................................................................................... N-34 
hormones, phyto-oestrogenic effect clover ........................................................................... B-50 
horsepower, conversion to kilowatts ...................................................................................... J-21 

, tractors ....................................................................................................................... I-54 
horses, breeding information ............................................................................................. A -17 4 

, determining age ..................................................................................................... A -1 7 8 
, health information 
, water requirement ...................................................................................................... I -4 3 

horticultural irrigation - see irrigation 
hot com posting ..................................................................................................................... G-15 
hot fence, description of. ...................................................................................................... N-34 
house water supply ........................................................................................................ .I-43, I-45 
Hp (abbr.), meaning of. ................................................................................................ : ....... N-34 
HT (abbr.), definition of. ...................................................................................................... N-34 
humidity, relative measurement ........................................................................................... K-27 
humus, definition of ............................................................................................................. N-34 
humps and hollows (drains) ................................................................................................... I-28 
hundredweight, conversion to metric ............................................................ J -6, J -11, J -12, J -13 
hungerfine, definition of ...................................................................................................... N-34 
huntaway, meaning of. ......................................................................................................... N-34 
hurricane, cause .................................................................................................................... K-11 

, weather forecast ....................................................................................................... K-24 
hybrid vigour (heterosis), in cattle ....................................................................................... A-71 

, in sheep .................................................................................................................... A-27 
hydatids ................................................................................................................................. B-17 
hydraulic head 
hydraulic saturation, definition 
hydrological cycle, definition 
hygrometer 
hylastes ................................................................................................................................. H-34 
hylastes bark beetle control ................................................................................................... E-67 
hypocalcaemia, of sheep 
hypomagnesaemia .......................................................................................... B-31, B-51 to B-53 

- see also grass staggers 
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I 

I (chem. Sym.), meaning of ................................................................................................. N-34 
IC (abbr.), meaning of. ......................................................................................................... N-34 
Identification, of insect pests ................................................................................... E-68 to E-7 4 

, of pasture plant species ................................................................................ C-65 to C-73 
, ofweeds ...................................................................................................................... E-7 

IFOAM (International Federation of Organic Agricultural Movements) .......... G-8, G-1 0, G-20 
ill thrift (ofstock) .................................................................................... B-12, B-65, B-69, N-34 
immune system, definition of .............................................................................................. N-35 
immunity, parasite ................................................................................................................. B-14 
impedance, definition of ...................................................................................................... N-35 
impeded system, definition of .............................................................................................. N-35 
imperial I metric, conversions ...................................................................................... J-3 to J-28 
impervious, definition of ...................................................................................................... N-35 
implements, and tractors ............................................................................................ I-54 to I-59 

, tractor matching ......................................................................................................... I-55 
, use of implements- field efficiency .......................................................................... I-57 

-operating speed ...................................................................................... .l-57, I-55 
-power requirement .......................................................................................... I-57 

improvements, farm ................................................................................................................. I -1 
inbred, inbreeding, definition of .......................................................................................... N-35 
inbreeding co-efficient, definition of ................................................................................... N-35 
inbreeding depression, definition of .................................................................................... N-35 
inch, ofrain ................................................................................................................... J-16, J-19 
inches, cubic inches to metric equivalent .............................................................................. J-16 

, to centimeters I millimeters I hands I spans ............................ , .................... J-4, J-8, J-10 
indeterminate, definition of .................................................................................................. N-35 
indirect taxes, definition of .................................................................................................. N-35 
induction (electrical), definition of ...................................................................................... N-35 
induction (of dairy cows), description of.. ........................................................................... N-35 
infiltration, description of .................................................................................................... N-35 
inflation, definition of .......................................................................................................... N-35 
inhibitory substances (in milk) ............................................................................................. A-97 
inoculation, maize silage ...................................................................................................... D-30 

, rhizobium .................................................................................................................. C-17 
inorganic, definition of ......................................................................................................... N-35 
insect pest control, see entire chapter I section ........................................................ E-45 to E-77 

, alternatives to insecticide ................................................................................ E-47, E-48 
, chemical methods - general ...................................................................................... E-50 
, chemical methods- named insects and crops .............................................. E-51 to E-67 
; estimating pest numbers ........................................................................................... E-46 
, identifying pests ................................................................................. E-45, E-68 to E-74 
, in brassicas ................................................................................................................ E-57 
, in cereals ................................................................................................................... E-4 7 
, in clover seed crops .................................................................................................. E-54 
, in forestry and shelter ................................................................................................ E-67 
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insect pest control (continued): 
, in grass seed crops ....................................................................................... E-51 to E-53 
, in lucerne .................................................................................................................. E-56 
, in maize .................................................................................................................... E-62 
, in organic farming ......................................................................................... G-13, G-15 
, in pasture .............................................................................................. E-51, E-75, E-76 
, in peas ....................................................................................................................... E-63 
, in potatoes .................................................................................................... E-64 to E-65 
, in stored grain ........................................................................................................... E-66 
, insect pest resistance ................................................................................................. E-49 
, integrated management system ................................................................................. E-48 
, pest threshold levels ................................................................................................. E-46 
, probability of pest attack ............................................................................. E-75 to E-76 
, seasonal pest attacks on pasture ..................................................................... E-7 5, E-7 6 
, slugs .......................................................................................................................... E-55 

insect pest identification 
, angoumois grain moth .............................................................................................. E-71 
, Argentine stem weevil 
, army-worm ............................................................................................................... E-70 
, Australian crop mired ............................................................................................... E-73 
, black beetle ............................................................................................................... E-68 
, black field cricket ..................................................................................................... E-74 
, cereal aphid ............................................................................................................... E-72 
, corn-leaf aphid .......................................................................................................... E-72 
, diamond-back moth .................................................................................................. E-71 
, grain aphid ................................................................................................................ E-72 
, granary weevil .......................................................................................................... E-69 
, grass grub .................................................................................................................. E-68 
, greasy cutworm 
, green looper caterpillar ............................................................................................. E-70 
, green peach aphid ..................................................................................................... E-72 
, leaf miners ................................................................................................................ E-74 
, porina ........................................................................................................................ E-70 
, potato mired .............................................................................................................. E-73 
, potato moth ............................................................................................................... E-71 
, shield bug .................................................................................................................. E-73 
, sitona weevil ............................................................................................................. E-69 
, springtail ................................................................................................................... E-7 4 
, stored product mites ................................................................................................. E-7 4 
, Tasmanian grass grub ............................................................................................... E-68 
, thrips ......................................................................................................................... E-74 
, wheat bug .................................................................................................................. E-73 
, white butterfly .......................................................................................................... E-71 
, white-fringed weevil ................................................................................................. E-69 
, wireworm .................................................................................................................. E-69 

insolvency, definition of ...................................................................................................... N-35 
insulators (fences) .................................................................................................................. I -14 
insultimber, description of ................................................................................................... N-35 
interbred, definition of ......................................................................................................... N-36 
interest and principal repayments on table mortgages 
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interlotting (wool), definition of .......................................................................................... N-36 
internal parasites - see parasites 
internal rate of return, definition of.. .................................................................................... N-36 
Institute of Agricultural Science, contact details ................................................................... M-8 
Institute of Primary Industry Management Inc., contact details ............................................ M-8 
International Federation of Organic Agricultural Movements (!FOAM) .................... G-8, G-10 
intrazonal soils, definition of ............................................................................................... N-36 
investment appraisal, definition of. ...................................................................................... N-36 
iodine, deficiency 

-of goats ........................................................................................................... B-44 

-treatment 
, metabolism 
, uptake 

ions, definition 
IRD (abbr.), meaning 
iron ochre (or sludge), definition 
iron pan, meaning 
irradiance, definition 
irrigation, see entire chapter I section ........................................................................ I-31 to I-43 

, application method- application rate ........................................................................ I-40 
-Big Gun irrigators ............................................................................. ; ..... I-41, I-40 
-border-dyke ..................................................................................................... I-39 
-control flooding ............................................................................................... I-34 
-Fixed Boom LHW irrigators .................................................................. .I-41, I-40 
- Omme irrigators ..................................................................................... .I -41, I -40 
- Roto-Rainer irrigators ............................................................................ .I -41, I -40 
-semi-controlled flooding ................................................................................. I-34 

ay ................................................................................................................ I-34 
- sprinkler .......................................................................................................... I-39 
- system capacity ............................................................................................... I-40 
- travelling irrigators ......................................................................................... I -41 
- trickle .............................................................................................................. I -40 
-Turbo-Rainer irrigators ................................................................................... I-40 
-uniformity of application ................................................................................ I-40 

, application rate .......................................................................................................... I-40 
, barley cash crop ....................................................................................................... D-43 
, crop requirements ...................................................................................................... I-35 
, efficiency of application ............................................................................................ I-34 
, horticultural irrigation ................................................................................... I-40 to I-42 

-daily water requirements ................................................................................. I-42 
- mini I micro sprinklers .................................................................................... I-40 
- trickle .............................................................................................................. I-40 
-watering distribution ....................................................................................... I-42 
-watering rate ................................................................................................... I-42 

, maize cash crop ....................................................................................................... D-28 
, maximum per hour .................................................................................................... I-37 
, mid season crop factors (Kc) ..................................................................................... I-3 5 
, net depth of (Dn) ....................................................................................................... I-32 
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irrigation (continued): 
, organic farming ..................................................................................................... G-177 
, pea cash crop ........................................................................................................... D-53 
, plant available water holding capacity ...................................................................... I-32 
, pump requirements .................................................................................................... I-40 

, quantity to apply····'··································································································· I-31 
, rate of application ...................................................................................................... I-3 7 
, ryegrass seed crop .................................................................................................... D-46 
, scheduling .................................................................................................................. I-31 

-crop root depth ranges ...................................................................................... I-33 
-plant available water holding capacity ............................................................ I-32 
-quantity to apply ............................................................................................. I-31 
-rate of application ........................................................................................... I-37 
- soil moisture deficits ....................................................................................... I-31 
- soil moisture feel test ...................................................................................... I-3 6 
-when to irrigate ............................................................................................... I-34 

, soil moisture deficits .................................................................................................. I-31 
, soil moisture - feel test .............................................................................................. I-3 6 
, trickle ......................................................................................................................... I -40 
, units of measurement. ................................................................................................ I-31 
, water balance calculations ....................................................................................... K-29 
, water budget .............................................................................................................. I-35 
, water infiltration rates ................................................................................................ I-37 
, wheat cash crop ....................................................................................................... D-40 
, white clover seed crop ............................................................................................. D-50 
, whole-crop silage ..................................................................................................... D-21 
, working lives of irrigation equipment ....................................................................... I-46 

irrigator selection ................................................................................................................... I -40 
IS09000, wool quality assurance ........................................................................................ A-62 
isobar, weather map ............................................................................................................. K-23 
Italian rye grass ...................................................................................................................... C-11 

, cultivars .................................................................................................................... C-11 
, establishment ............................................................................................................ C-11 
, identification ............................................................................................................. C-65 
, pests of ...................................................................................................................... C-11 

J 

J (abbr.), meaning of ............................................................................................................ N-36 
Japanese millet, feeding value ........................................................................................... A-168 
jenny, definition of. .............................................................................................................. N-36 
jetter, description of ............................................................................................................. N-36 
Johne's disease, ofcattle ....................................................................................................... B-33 

, of deer 
, of goats 
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Johne's disease (continued): 
, ofsheep ..................................................................................................................... B-27 

joining, definition of ............................................................................................................ N-36 
Joule (J), definition of .......................................................................................................... N-36 

K (abbr.), meaning 
kahikatea 

K 

kale - see also forage crops for detailed index entries 

N-37 
H-19 

D-5 
, feeding value ......................................................................................................... A-168 
, growing .................................................................................................................... D-1 0 
, iodine deficient ...................................................................................................... A-170 

kanuka .................................................................................................................................. H-19 
kauri ........................................................................................................................... H-17, H-18 
karotyping, meaning of ........................................................................................................ N-37 
Kc (crop factor-irrigation) ...................................................................................................... I-35 
keds 
Kelpie, description 
kemp, description 
ketones 
ketosis acetonaemia, of cattle 
ketosis, of cattle 
kg (abbr.), meaning 
kidding date table 
kids - see goats 
kieserite magnesium fertiliser ............................................................................................... F -18 
killers, meaning of ............................................................................................................... N-37 
killing-out percentage, definition of .................................................................................... N-37 
kilocalorie, to kilojoules ......................................................................................................... J-20 
kilograms per cubic metre, to pounds per cubic foot.. ........................................................... J-23 
kilograms to pounds, hundredweights ................................................... J-6, J-7, J-11, J-12, J-13 
kilometre, to miles ............................................................................................................ J-4, J-8 
kiwifruit, animal feed supplement ..................................................................................... A-160 

, feeding value ......................................................................................................... A-168 
kJ, kilojoules ................................................................................................................ J-20, N-37 
kohekohe .............................................................................................................................. H -19 
km (abbr.), meaning 
kPa (abbr.), meaning 
kPa, kilopascals to metres head/pounds per square inch 
kW, kilowatts of power- vehicles 
Kyoto Protocol 
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labile nutrients, definition 
labour profile, description 
lactic acidosis 

L 

N-37 
N-37 

lamb, drafting strategy ......................................................................................................... A-24 
, feeding and management.. ............................................ A-10, A-13, A-14, A-17 to A-26 
, survival .................................................................................................................... A-13 

lambing, see sheep 
, date table ................................................................................................................ A-147 
, percentage .................................................................................... A-7, A-12, A-31, N-38 

laminitis, of cattle .................................................................................................................. B-33 
Landcare Trust, contact details .............................................................................................. M-9 
land classification I Land use capability (LUC), definition of... .......................................... N-38 
Land Information New Zealand, contact de'tails .................................................................... M-5 
land reclamation legislation .................................................................................................... L-4 
land use (legislation) ............................................................................................................... L-4 

, consent ........................................................................................................................ L-6 
, existing uses ................................................................................................................ L-4 

Landcare Research New Zealand Limited, contact details .................................................... M-5 
Landcare Trust, contact details .............................................................................................. M-9 
Landcorp Farming Ltd, contact details .................................................................................. M-5 
lanolin, definition of. ............................................................................................................ N-38 
landscape planning, farm forestry ........................................................................................ H-16 
landslide, tree stabilisation ................................................................................................... H-16 
lantana, photosensitisation .................................................................................................... B-48 
larval challenge to stock ................................................................................................ B-8, B-12 
late shorn (wool), definition of ............................................................................................ N-38 
latitude, climate effects ........................................................................................................ K-14 
latitudes ofNew Zealand centers ........................................................................................... K-6 
law, health and safety employment legislation ..................................................................... L-12 

, Resource Management Act Legislation ...................................................................... L-3 
lax grazing, meaning of. ....................................................................................................... N-38 
LD (abbr.), meaning of ........................................................................................................ N-38 
LD50 toxicity levels ................................................................................................................ E-5 
leaching, accounting for in nutrient budgets ......................................................................... F-35 

, control when using nitrogen fertiliser ....................................................................... F -17 
, effluent ...................................................................................................................... F-20 
, magnesium ................................................................................................................ F-18 
, organic fertiliser ........................................................................................................ F -19 
, sulphate ..................................................................................................................... F-10 

lead-outs, electric ............................................................................................................ .I-7, I-16 
leaf area duration, definition of. ........................................................................................... N-38 
leaf area index, definition of ................................................................................................ N-39 
leaf mining pest control ........................................................................................................ E-60 
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leaf rust disease 
leaf spot 
league (measurement) 
leakage (of current), definition 
lease, definition 
legal description, definition 

E-85 
E-85 

legal requirements, health and safety in employment ........................................................... L-12 
· , resource management .................................................................................... L-3 to L-11 

legume to grass ratio 
legumes - see also pasture legumes, clover, etc. 

, bloat cause 
, fertiliser nitrogen substitution ................................................................................... C-18 
, phyto-oestrogenic effect 
, selective grazing 

length I distance, imperial I metric measures and conversions 
lesion, meaning 
lessee, definition 
lessor, definition 
levee, meaning 
leverage, definition 
ley, definition 
LH (abbr.), meaning of 
liability, definition 
LIC (abbr.), meaning 

licks, bloat 

...... C-17 

N-39 
N-39 
N-39 
N-39 
1'-J-39 
N-39 
N-39 
N-39 
N-39 

, magnesium ................................................................................................................ B-53 
Light land, definition 
lightning, diverter kit 

, dropper fence 
ligule, definition 
lime, see entire chapter I section 

, calcium carbonate 
, effect on animal health 
, effect on acid 
, frequency of application 
, growth response of pasture 
, pasture species response 
, quantity to raise pH 
, reasons for liming 
, response time 

lime/molybdenum interaction 
Lincoln University, contact details 
line (of wool), definition 
linear programming, definition 
linen flax screenings, feeding value 
linkage, definition 
links (measurement) 
links sire (sheep recording) 
linseed cake, feeding value 
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N-39 
I-16 
I-19 

N-39 

F-37 
F-40 
F-37 
F-38 
F-38 
F-39 
F-38 
F-37 
F-39 
F-49 

N-39 
N-40 

A-168 
N-40 

J-5, J-10 
A-33 

A-168 



LIP (abbr.), meaning 
liquid fertilisers 
liquid nitrogen fertiliser 
liquid scintillation spectroscopy (LSS), definition 
listeria, affecting humans 

, in stored feed 
listeriosis, of sheep 

N-40 
F-21 
F-13 
N-40 

litre, metric I imperial conversions ...................................................................... J-14, J-15, J-19 
, per hectare to pints or gallons per acre .......................................................... J -1 7 to J -19 

liver damage, photosensitisation ........................................................................................... B-48 
liver fluke ...................................................................................................................... B-8, B-16 

- see also parasites of ruminants 
liver reserves, trace element .................................................................................................. B-61 
liver sampling, trace elements ..................................................................................... B-61, B-66 
livestock breeding, dates .................................................................................................... A -14 7 

, periods ................................................................................................................... A-147 
livestock feed -see animal nutrition - see also named feeds and animals 
Livestock Improvement Corporation Limited 
livestock recording, 
liveweight monitoring, 

, dairy 
, deer 

. N-40 
A-30 to A-33 

A-67, A-79 
A-86 

A-114, A-121 
A-137 

, sheep ................................................................................................................ A-6, A-10 
loading ramps, cattle .............................................................................................................. I-49 

, sheep .......................................................................................................................... I-49 
loafing area, cattle .................................................................................................................. I-48 
loans, cost ofservicing ........................................................................................................... J-27 
locks or lox, definition of.. ................................................................................................... N-40 
locus, definition of ............................................................................................................... N-40 
log stain, definition of .......................................................................................................... N-40 
longlife phosphatic fertiliser ................................................................................................... F -5 
looper caterpillar ................................................................................................................... E-64 
lot, definition of ................................................................................................................... N-40 
lot building (wool), definition of ......................................................................................... N-40 
lotus hispidus, identification 
lotus major 

, identification ............................................................................................................. C-73 
lotus, species ......................................................................................................................... C-31 

, tannins ....................................................................................................................... C-31 
, varieties I cultivars .................................................................................................... C-31 

louse test, ELISA .................................................................................................................. B-19 
low pressure, depression ...................................................................................................... K -11 
lox (wool), definition of ....................................................................................................... N-40 
lucerne, see entire chapter I section 

, animal health issues 
, cultivars 
, establishment 
, feed 
, hay 

A-166, A-168, C-30 
C-30 
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lucerne (continued): 
, management.. ............................................................................................................ C-29 
, oestrogen content ...................................................................................................... C-30 
, pest control ..................................................................................................... C-29, E-56 
, rhizobium .................................................................................................................. C-29 
, silage ............................................................................................................... C-27, C-30 
, silage, feed value ................................................................................................... A-167 
, sodium deficient leaves 
, weed control 

lucerne flea control ........................................................................................... E-52, E-54, E-56 
lung diseases, animal and human .......................................................................................... B-59 
lung-worm, of 
lustre, 
LW (abbr.), meaning of 
LWG (abbr.), meaning 
lympho, of sheep 

M 

A-39 
N-40 
N-40 

m (abbr.), meaning of.. ......................................................................................................... N-41 
MA (abbr.), meaning of ...................................................................................................... N-41 
machine dressed (MD), definition of.. ................................................................................. N-41 
macrocarpa ........................................................................................................................... H -11 
macrocarpa abortion ........................................................................................................... : .. B-3 5 
macronutrient, definition of ................................................................................................. N-41 
M.A.D. (management allowable water deficit- soil) 
magnesium, hypomagnesaemia 

, pasture 
, pasture levels 

magnesium oxide 
magnesium salts, milk fever 
maiden ewe/heifer, definition 
maintenance feeds 
maintenance fertiliser ................................................................................................ F -23 to F -25 
maize, see entire chapter I section ........................................................................... D-26 to D-34 

, bushel 
, cash crop (grain) 
, crop establishment 
, cultivar I variety choice 
, disease control 
, feeding value 

, greenfeed crop 
- establishment 
- variety I cultivar 
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D-26 to D-29 
D-29 
D-27 
D-28 

A-168 
D~26 

D-26 to D-28, D-34 
D-34 
D-34 



maize (continued): 
, greenfield crop 

-yield 

, herbicide 

D-35 
D-28 
D-28 
D-28 

_ _ D-28 
, nutrient standards ...................................................................................................... F-46 
, pest control .............................................................................................................. D-28 
, planting .................................................................................................................... D-27 
, post-harvest management ........................................................................................ D-29 
, seed treatment .......................................................................................................... D-27 
, silage crop ............................................................................ D-26 to D-28, D-30 to D-33 

- dry matter content ......................................................................................... D-25 
- establishment ................................................................................................ D-30 
-harvest 
- selling 
- stack making 

, weed control 
maize husks, feeding value 
malignant catarrhal fever, of deer 
malignant oedema, of 
mangeao 
management allowable deficit of soil water (MAD), definition of 
manganese, deficiency 

D-30 
D-33 
D-31 
D-28 
D-28 

A-168 

H-19 
N-41 

, excess ........................................................................................................................ B-75 
mangels, feeding value ....................................................................................................... A-168 
marbling, definition of ......................................................................................................... N-41 
marginal cost, definition of. ................................................................................................. N-42 
marginal product, definition of ............................................................................................ N-42 
marginal revenue, definition of. ........................................................................................... N-42 
marginal value product, definition of.. ................................................................................. N-42 
marketing margins, definition of... ....................................................................................... N-42 
Massey University, contact details ........................................................................................ M-6 
mastitis, of cattle 

, in 
, of goats 
, somatic cell count 

mating management, 
, of dairy stock 
, of deer 
, of goats 
, of 

maul, definition 
maximum available water-holding capacity, definition 
MCF (malignant catarrhal fever) of deer 
MID (abbr.), meaning 
ME - see metabolisable energy (below) 
meadow foxtail, identification 
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A-94, A-97 
A-71 
A-98 

A-107, A-108 
A-137 

A-7, A-12, A-25 
N-42 
N-42 

A-3, N-41 



meadow hay, feed 
- see also hay 

mean (an average), definition 
Meat and Wool Innovation Ltd, contact details 
meat, dressing out percentage (DO)- deer grades 

- sheep meats 
Meat New Zealand 

, contact details 

A-153 

N-42 

A-124 
A-19, A-23, A-24 

G-21 

Meat New Zealand Goat Council, contact details ................................................................. M-6 
medium wool, definition of. ................................................................................................. N-42 
medulla, description of... ...................................................................................................... N-42 
medullated fibre, description of ........................................................................................... N-42 
medullation, ofwool ............................................................................................................ A-39 
megajoules (energy) ........................................................................................................... A-148 
meiosis, definition of ........................................................................................................... N-42 
melanoma skin cancer .......................................................................................................... K-19 
melatonin, deer treatment.. ................................................................................................. A-108 
merchandise trade, definition of .......................................................................................... N-42 
meristem, definition of. ........................................................................................................ N-42 
messmate stringy bark .......................................................................................................... H -13 
metabolic activity, definition of.. ......................................................................................... N-42 
metabolisable energy ................................................................................. A-148, A-149, A-166 

, definition .................................................................................................................... A-3 
methane ...................................................................................................................... K-11, K-22 

, ruminant production .............................................................................................. A-172 
metre, to foot I yard I chain I furlong I perch ......................... J-4, J-8, J-9, J-1 0, J-14, J-15, J-19 

, head (pressure) ........................................................................................................... J-22 
metric, prefixes 
metric I decimal system 
metric I imperial conversions of- area measures ..................................................................... J-4 

-capacity 
- density 
- forestry measures 
- irrigation .......................................................................................................... J -19 
- length or distance 

metritis, definition of 
Mexican . , 
MF (abbr.), meaning 
Mg (chem. sym.), meaning 
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microbial digestion - see ruminant digestion 
micro-climate, farm weather monitoring ............................................................................. K-29 
microns (wool measure) ....................................................................................................... A-36 
micro-nutrient fertilisers ........................................................................................................ F-21 
mile, to kilometers I chain I league .......................................................................... J-4, J-8, J-10 
miles per hour, to metres per second or kilometres per hour ................................................. J-24 
milk, dairy cow .................................................................................................................... A-97 

, fever - of cattle ............................................................................................. B-53 to B-54 
-of sheep 

, meter ........................................................................................................................ N-43 
, quality tests .............................................................................................................. A -97 
, solids, defined .......................................................................................................... A-97 
, taint ............................................................................................................................ D-5 
, weight of liquid .......................................................................................................... J-16 
, withholding treated .................................................................................................. A-96 

milking goats - see goats 
milking shed yards ................................................................................................................. I-48 
milksolids, defined ............................................................................................................... A-97 
millilitre, to fluid ounces ............................................................................................... J -14, J -17 

, to inches ................................................................................................................ J-8, J-9 
, to litres I metres per hectare ....................................................................................... J-19 

mineral nitrogen (in soil), definition of ............................................................................... N-43 
mineral uptake ofplants ........................................................................................................ B-46 
mineral soil, definition of ..................................................................................................... N-43 
mineralisation, definition of. ................................................................................................ N-43 
minims (measurement) ........................................................................................................... J-16 
Ministry of Agriculture and Forestry, contact details ............................................................ M -6 
minor elements - see trace elements 
mirid control. ......................................................................................................................... E-54 
mitosis, definition of ............................................................................................................ N-43 
mixed age, definition of ....................................................................................................... N-43 
mixed cropping, definition of .............................................................................................. N-43 
mixed grazing, definition of ................................................................................................. N-43 
mixed organic cropping ....................................................................................................... G-12 
mixed sex (ms), definition of ............................................................................................... N-43 
mixed stocking, parasite control .......................................................................................... A-65 
mixing agrichemicals 
mixing fertilisers ................................................................................................................... F-32 
MJ (abbr.), meaning of ......................................................................................................... N-43 
MJME (abbr.), meaning of. .................................................................................................. N-43 
ml (abbr.), meaning of ......................................................................................................... N-43 
mm (abbr.), meaning of ....................................................................................................... N-43 
Mo (chem. sym.), meaning of .............................................................................................. N-43 
mob-stocking, meaning of .................................................................................................. , N-43 

, for insect pest control ............................................................................................... E-47 
MOET (abbr.), meaning of .................................................................................................. N-44 
mohair fibre ........................................................................................................................ A-143 
Mohair New Zealand, contact details .................................................................................... M-6 
Moit, definition of ................................................................................................................ N-44 
molasses, feeding value ..................................................................................................... A-168 
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mole drains, ploughs ..................................................................................................... .I-28, I-35 
molybdenosis, definition of ................................................................................................. N-44 
molybdenum, deficiency ........................................................................................... F-48 to F-49 

, deficient soils -location on map of New Zealand .................................................... F-48 
, in lucerne 

molybdenum I copper I sulphur interactions ......................................................................... F-49 
molybdenum I lime interaction ............................................................................................. F -49 
mono bred, definition of ....................................................................................................... N-44 
monoecious, definition of ....................................................................... : ............................ N-44 
monogastric, definition of .................................................................................................... N-44 
monozygous, definition of ................................................................................................... N-44 
mortgage, definition of. ........................................................................................................ N-44 
mortgagee, definition of. ...................................................................................................... N-44 
mortgages, calculation of annual payments 
mortgagor, definition 
mother hair, description 
mothering-on, meaning 
motor for irrigation pumps, working life 
mottling, definition 
mouldy 
mountain ash 
ms (abbr.), meaning 
mulch, description of 
mulesing, meaning 
muriate of potash fertiliser 
muscles - see body condition score 

I-47 
N-44 

H-13 
N-44 
N-44 
N-44 
F-12 

mutation, definition of ......................................................................................................... N-44 
MWI (abbr.), meaning of ..................................................................................................... N-45 
mycotic dermatitis, description of.. ...................................................................................... N-45 
mycotoxicoses ....................................................................................................................... B-50 
mycotoxin, facial eczema ...................................................................................................... B-49 

, testing 

N 

N (chem. sym.), meaning of... .............................................................................................. N-45 
Na (chem. sym.), meaning of.. ............................................................................................. N-45 
National Beekeepers' Association ofNew Zealand Inc., contact details ............................... M-6 
National Coastal Policy Statement. ......................................................................................... L-5 
National Council ofNew Zealand Wool Interests Inc., contact details ................................. M-4 
National Environmental Standards ......................................................................................... L-5 
National Fieldays Society Inc., contact details 
National Possum Control Agencies (NPCA), contact details 
National Rural Fire Authority, contact details 
National Seed Laboratory- AgriQuality New Zealand Ltd, contact details .......................... M-4 
native trees - see farm forestry 
natural resources, use 
natural selection, definition of 
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Nature Heritage Fund, contact details .................................................................................... M-4 
NEA2 

nematode parasite in stock 
nematodirus ................................................................................................................. B-11, B-13 
neospora abortion, of cattle 
net blotch of barl.ey 
net cash flow, definition 
net farm income (NFI), definition of 
net present value (NPV), definition 
net worth, definition of 
netting fences 
netting, hail 
neutron probe, definition of 
neutron probe 
new wool, definition 
New Zealand- see also NZ 

E-86 
N-45 
N-45 
N-45 
N-45 
I-7 

K-15 
N-45 

New Zealand Agricultural and Resource Economics Society Inc., contact details ............... M-4 
New Zealand Agricultural Aviation Association, contact details .......................................... M-4 
New Zealand Agritech Inc., contact details 
New Zealand Angus Association Inc., contact details ........................................................... M-7 
New Zealand Beef and Lamb Marketing Bureau Inc., contact details .................................. M-7 
New Zealand Beef Council Inc., contact details 
New Zealand Biological Producers and Consumers Council Inc 
New Zealand Dairy Breeds Federation, contact details 
New Zealand Deer Farmers' Association, contact details 

G-8 
M-7 

New Zealand Emu Farmers' Association, contact details ..................................................... M-7 
New Zealand Farm Forestry Association Inc., contact details .............................................. M-7 
New Zealand Federation of Young Farmers Clubs Inc., contact details ............................... M-7 
New Zealand Feed Manufacturers' Association Inc., contact details .................................... M-7 
New Zealand Fertiliser Manufacturers' Research Association Inc., contact details ............. M-7 
New Zealand Food Safety Authority, contact details 
New Zealand Grain and Seed Trade Association Inc., contact details 
New Zealand Grassland Association, contact details 
New Zealand Groundspread Fertilisers Association Inc., contact details 
New Zealand Guild of Agricultural Journalists and Communicators, contact details ........... M-7 
New Zealand Hereford Association Inc., contact details ....................................................... M-7 
New Zealand Institute of Agricultural Science, contact details ............................................. M-8 
New Zealand Institute of Primary Industry Management Inc., contact details ..................... M-8 
New Zealand National Fieldays Society Inc., contact details ................................................ M-8 
New Zealand Plant Protection Society Inc., contact details 
New Zealand Pork Industry Board, contact details 
New Zealand Qualifications Authority, contact details ......................................................... M-8 
New Zealand Romney Sheep Breeders; Association Inc., contact details ............................ M-8 
New Zealand Seed Quality Management Authority Inc., contact details .............................. M-8 
New Zealand Sheep Dog Trial Association, contact details .................................................. M-8 
New Zealand Sheepbreeders; Association, contact details .................................................... M-8 
New Zealand Society of Animal Production Inc., contact details 
New Zealand Society of Soil Science, Crop & Food Research Ltd, contact details ............. M-8 
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New Zealand soil classification ................................................................................ F-60 to F-63 
New Zealand Standardbred Breeders' Association Inc., contact details ............................... M-8 
New Zealand Stock and Station Agents' Association, contact details .................................. M-8 
New Zealand Thoroughbred Breeders' Association, contact details ..................................... M-8 
New Zealand Tree Crops Association Inc., contact details ................................................... M-8 
New Zealand Wool Board, contact details 
ngaio, photosensitisation ....................................................................................................... B-48 
nitrate nitrogen, description of ............................................................................................. N-45 
nitrate poisoning .................................................................................................. B-56, B-59, D-5 
nitrate, testing ........................................................................................................................ B-58 
nitrogen assimilation, definition of.. .................................................................................... N-45 
nitrogen, contamination of water supplies .............................................................................. L-9 
nitrogen fertiliser. .................................................................................. F-13 to F-17, F-28, F-33 

, impact on environment ............................................................................................... L-9 
, affects sodium ........................................................................................................... B-54 

nitrogen fixation .......................................................................................................... F-37, N-45 
, factors affecting ........................................................................................................ C-17 
, legumes 
, white clover 

node, definition of. ............................................................................................................... N-45 
nodding thistle, biological control ........................................................................................ E-12 

, chemical control ............................................................................................. E-13, E-19 
noise control legislation .......................................................................................................... L-3 
nominal dollar value, definition of.. ..................................................................................... N-45 
nominal interest rate, definition of. ...................................................................................... N-45 
non return rate (NRR), definition of .................................................................................... N-45 
normal distribution, definition of. ........................................................................................ N-46 
northern leaf blight. ............................................................................................................... E-86 
NPKS fertiliser, application rate calculations ....................................................................... F-29 

F-4 
D-38 
N-46 

nurse cow, meaning of ......................................................................................................... N-46 
nutrient budget 
nutrient cycling, meaning 
nutrient deficiencies of plants - see plant nutrient deficiencies 
nutrient toxicity ..................................................................................................................... F-51 
nutrition - see animal nutrition 
nysius bug control ................................................................................................................. E-57 
NZ Agrichemical Education Trust (Growsafe), contact details ............................................. M-9 
NZ Equine Industry Training Organisation Inc., contact details ........................................... M-9 
NZ Landcare Trust, contact details 
NZ Ostrich Association Inc., contact details ......................................................................... M-9 
NZ Pig Breeders Association, contact details ........................................................................ M-9 
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0 (chem. sym.), meaning 
oats, forage crop 

, feeding value 

0 

N-46 
D-16 

A-168 
D-19 

objective trait, definition of... ............................................................................................... N-46 
Occupational Safety and Health, contact details .................................................................... M-4 
oddments (wool), definition of ........................................................................................... N-46 
oesophageal groove, calves .................................................................................................. A-85 
oestrogen, red clover 
oestrogenic content, definition of ........................................................................................ N-46 
oestrogenic effects, legume ................................................................................................... B-50 
oestrus cycles, meaning of ................................................................................................... N-46 
oestrus, definition of ............................................................................................................ N-46 
oestrus table for livestock .................................................................................................. A-175 
OFANZ (Organic Federation) .............................................................................................. G-22 
ohm, unit of resistance 
old man twitch, identification 
oligopoly, definition 
OM (abbr.), meaning 
Omme irrigators 
on-the-drop, meaning 
one-year ewe, definition 
open fleece, definition 
open drains 
operating profit, definition 
opportunity cost, definition 
orf, of sheep 

N-46 
N-46 
I-40 

N-46 
N-47 
N-47 
I-27 

N-47 
N-47 

organic agriculture, see entire chapter I section ........................................................ G-3 to G-23 
, animal vvelfare ......................................................................................................... G-15 
, approved herbicides ................................................................................................. G-16 
, bought in feed .......................................................................................................... G-16 
, certification standards ............................................................................ G-3, G-8 to G 10 
, consultants and adviser~ .......................................................................................... G-19 
, conversion ................................................................................................................ G-11 
, disease control ......................................................................................................... G-13 
, drenching restrictions ................................................................................................ G-6 
, education providers ................................................................................................. G-19 
, export market ............................................................................................................. G-6 
, fallowing land .......................................................................................................... G-16 
, fertiliser ................................................................................................... F-13, F19, G-16 
, habitats for insects ................................................................................................... G-17 
, ideals and realities ..................................................................................................... G-4 
, laws of nature ............................................................................................................ G-3 
, livestock disease and parasite control... ................................................................... G-14 
, New Zealand certification agencies ........................................................................... G-8 
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organic agriculture (continued): 
, New Zealand market. ................................................................................................. G-5 
, pasture weed control ................................................................................................ G-16 
, pre-conversion strategy ............................................................................................ G-11 
, progressive farm conversion .................................................................................... G-11 
, stocking density limits ............................................................................................. G-14 
, sustainability .............................................................................................................. G-3 
, systems of production - crop rotation ...................................................................... G-12 

-cropping and vegetables ................................................................................ G-12 
- fruit production ............................................................................................. G-17 
- livestock ........................................................................................................ G-14 

, weed control ............................................................................................................ G-13 
Organic FarmNZ ........................................... , .............................................................. G-8, G-1 0 
Organic Federation of Aotearoa New Zealand .................................................................... G-22 
organic fertiliser ................................................................................................ F-13, F-19, G-16 
organic matter returned by plant roots .................................................................................. F-53 
Organic Products Exporters ofNew Zealand (OPENZ) ...................................................... G-21 
organic wool. ........................................................................................................................ A-61 
organo-phosphate dip ............................................................................................................ B-19 
OSH (Occupational Safety and Health), contact details ........................................................ M-4 

ounce, fluid 
, measurement ..................................................................................................... J-11, J-13 
, per gallon (converting to grams per litre) 
, per square yard (converting to gram per square metre) ............................................... J -6 

outcrossing, definition of ..................................................................................................... N -4 7 
outrigger, meaning of. .......................................................................................................... N-47 
ovary, description of ............................................................................................................ N-47 
over-drilling, meaning of ..................................................................................................... N-47 
overhead costs, definition of ................................................................................................ N-47 
over-liming, definition of ..................................................................................................... N-47 
oversowing pasture 
overstocking, meaning 
ovulation, description 
ovulation rate, description 
ovum, description of 
ovum transfer, meaning 
oxidation pond, description 
ozone, depletion 

, hole 
, layer 

p- 58 

N-47 
N-47 
N-47 
N-47 
N-48 
N-48 

K-16, K-19 
K-19 
K-16 



P (chem. sym.), meaning 
PA (abbr.), meaning 
palmation, definition 
P APR (Partially acidulated phosphate 
parameter, definition 
parapox virus, ofdeer 
parasites of ruminants 

, age of animal 
, alternative control 
, biology 

p 

, effect on stock ........................................................................................................... B-12 
, external parasites 

- chemical treatment ......................................................................................... B-19 
-chemical withholding time ............................................................................. B-19 
- fly-strike ......................................................................................................... B-19 
- insect growth regulator 
- keds 

-louse test 
- organo-phosphate treatment. .......................................................................... B -19 

, goats as hosts 
, host specific 
, immunity ................................................................................................................... B-11 
, internal parasites 

-alternative conirols ......................................................................................... B-14 
- anthelmintics .................................................................................................. B-12 
-biological control 
-biology 
-cestode 
-drenching 
-effect on stock ................................................................................................ B-12 
- immunity ........................................................................................................ B-14 
- larvae .............................................................................................................. B-11 
- life-cycles ......................................................................................................... B-9 
-liver fluke ....................................................................................................... B-18 
-natural resistance ............................................................................................ B-14 
-nematode 
- pasture contamination .................................................................................... B-11 
- resistance to anthelmintics 
- safe pasture 
- sheep measles ................................................................................................. B-17 
-tapeworm 
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parasites of ruminants (continued): 
, internal parasites 

-trematode 
, life cycles 
, pasture contamination ............................................................................................... B-11 
, resistance .................................................................................. B-8, B-12 to B-14, G-14 
, susceptibility ............................................................................................................. B-11 
, types ............................................................................................................................ B-8 

parent material, definition of. ............................................................................................... N-48 
Paroa rye grass, feeding value ............................................................................................ A -168 
partial budget, definition of.. ................................................................................................ N-48 
partially acidulated phosphate rocks (PAPR), definition of ................................................ N-48 
Pasja, feeding value ........................................................................................................... A-168 
paspalum, feed value .......................................................................................................... A-166 

, identification ............................................................................................................. C-67 
paspalum staggers 
pasture, see also grass; clover; legume; hay; silage; feed values 

, allowance (to stock) ....................................................................................... A-4, A-156 
, analysis, - animal health 

-plant 
, assessment of pasture mass I quantity 

- dry matter calculation (DM) 
- measuring instruments 
- microwave oven drying technique 
- residual dry matter 

, clover - establishment I renewal ............................................................ C-6 to C-8, C-18 
-types I cultivars ................................................................................. C-17 to C-26 

, conservation- definition of. ..................................................................................... N-48 
, cover- definition of ................................................................................................. N-48 
, dead matter ............................................................................................................ A-151 
, digestibility ............................................................................................................ A -152 
, endophyte content ............................................................................................ C-3 to C-5 

- see also endophyte 
, endophyte ryegrass alternatives .................................................................................. C-6 
, establishment and renewal... ............................................................................ C-6 to C-9 

-conventional method ........................................................................................ C-7 
- direct -drilling 
- establishing legumes 
- first year management. ..................................................................................... C-8 
- hill country oversowing 
- seed-mix compatability ................................................................................... 0-3 
-seed-mix seasonal choice ................................................................................. C-6 
-sowing time ............................................................................................. C-6, 0-3 

, facial eczema source ................................................................................................. B-49 
, feed value - see pasture quality (below) 
, grasses - brome grasses ............................................................................................. C-14 

- cocksfoot ........................................................................................................ C-12 
-establishment I renewal... ...................................................................... C-6 to C-8 
- identification 
- Italian ryegrass 
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pasture (continued): 
, grasses 

- perennial ryegrass 
- phalaris ........................................................................................................... C-15 

-timothy 
- types I cultivars 

, growth phases and management implications 
, growth rate data - dairy farms 

- hill country 
-North Island regions ........................................ C-49 to C-51, C-55 to C-57, C-59 
- sheep farms ............................................................... C-49 to C-54, C-59 to C-62 
-South Island regions .................................. C-49, C-52 to C-54, C-57, C-58, C-60 
- survey sites information ................................................................... 0-34 to 0-4 7 

, growth rate estimates - calculating annual production 
- for feed budgets 
-method 

, herbs - chicory 
- plantain ............................. , ............................................................................. C-33 

, legumes -establishment I renewal... ...................................................... C-6 to C-8, C-18 
- birdsfoot trefoil .............................................................................................. C-31 
- caucasian clover 
- fertiliser nitrogen substitution ........................................................................ C-17 
- identification 
- lotus major 
- lotus species 

- nitrogen fixation ............................................................................................. C-17 
-red clover 
- subterranean clover 
- types I cultivars 
-white 

pasture (continued): 
, management, see entire chapter I section ...................................................... C-3 to C-74 
, mass ..................................................................................................... A-4, A-156, C-41 
, nutritional value- see pasture quality (below) ...................................................... A-150 
, parasite contamination .............................................................................................. B-11 
, parasite safe ...................................................................................................... B-8, B-13 
, plant maturity ......................................................................................................... A -151 
, plant species feed value comparison ..................................................................... A-150 
, probe 
, quality 

- and mass assessment 

- see also feed budgeting 
, regrowth phases 
, renewal - see pasture establishment and renewal 
, requirements - see feed; feed requirements of stock 
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A-3, A-150 to A-153 
to C-47 

A-4 



pasture (continued): 
, residual dry matter 

, root 
, species I types, agronomic features 

-for specific environments ............................................................................... C-38 
-identification ..................................................................................... C-65 to C-73 
-seasonal growth .............................................................................................. C-36 
-seed features ................................................................................................... C-37 

, spraying- bloat treatment ......................................................................................... B-47 
- cobalt sulphate 

, weeds - see weed control 
pavement (road) 
PAW (abbr.), meaning 
peas, see entire chapter I section ................................................................................ D-52, D-53 

, bushel 
, cash crop 
, disease control 
, establishment 
, feeding value 

, harvesting 
, irrigation 
, lime 
, paddock selection 
, seed quality and treatment 

, types 
, weed control 
, weight per cubic metre 

peck (measurement) 
pens, catching (sheep) 
peramine, description 
perch, to rood/square 
perched water table 
Perendale Sheep Society ofNew Zealand, contact details 
perennial ryegrass - see also ryegrass; pasture 

, cultivars 
, endophyte 
, flowering time 

D-52 
D-53, E-90, E-91 

D-52 
A-168 

D-53 
D-53 
D-53 
D-53 
D-52 
D-52 
D-52 
D-52 
D-53 
I-48 

6 
I-48 

N-49 
J-4, J-5, J-10 

I-26 

, identification ............................................................................................................. C-65 
, sowing 

performance test, meaning 
perinatal mortality, definition 
permanent pasture, definition 
permanent wilting point, definition 
permeability of soil, definition 
permitted activities, resource management.. ........................................................................... L-6 
Persian clover ....................................................................................................................... 0-30 
pest control - see insect pest control 
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Pest Management Association of New Zealand, contact details 
P.E.T. 

, persistence 
, pest resistance 
, seasonal production 
, staggers 

, tuberosa, identification 
phenological, definition 
phenotype, definition 
phone numbers of many agricultural organisations 
phosphate fixation 
phosphatic 
phosphorus deficiency 

N-49 
N-49 

photoperiod for plant growth ............................................................................................... K-31 
photosensitisation diseases .................................................................................................... B-48 
phenotype, definition of ....................................................................................................... N-49 
photosynthesis, description of. ............................................................................................. N-49 
photothermal time ...................................................................................................... K-31, N-49 
physiological age, definition of... ......................................................................................... N-49 
phytochrome, description of ................................................................................................ N-49 
phyto-oestrogen ........................................................................................................... B-51, N-49 
pieces (wool), definition of .................................................................................................. N-49 
Pig Breeders Association, contact details 
pig, breeds 
pig (piggery), slurry as fertiliser 

, slurry effluent nutrient content 
pine needle blight 
pint (measurement) 

, per 1 00 gallons to millilitres/1 00 
, per acre to litres/ha 

pipe, drainage 
pipeline irrigation, working life 
pizzle stain (wool), definition 
placenta, description 
plain (wool), definition 
Planning 
plans, District Plans 

, National Coastal Statement 
, National Environmental Standards 
, National Policy 
, Regional Plans 
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N-9 
F-12 
F-19 

I-27 
I-47 

N-49 
N-50 
N-50 

L-9 
L-5 
L-5 
L-5 
L-5 
L-5 



plans (continued): 
, Regional Policy Statements ........................................................................................ L-5 

plans I statements I standards .................................................................................................. L-5 
plant analysis - see herbage analysis 
plant -available water in soil ......................................................................................... I-3 2, N-50 
plant disease - see plant health 
plant growth, day length for ................................................................................................. K-31 

, factors - farm monitoring ......................................................................................... K-29 
, irrigation requirements ............................................................................................ K-29 

K-31 
... D-46 

, response to nitrogen .................................................................................................. F-16 
, stages- decimal code and Feeke's 

- diagrams ............................................................................................ E-82 to E-84 
plant health, brassica crop disease control 

, cereal crop disease 
, chemical use 
, crop disease control 
, fungicides - see also fungicide 
, grass seed disease control 
, infection sources 
, organic farming 
, pea crop diseases control 
, seed treatment 

plant identification 
plant nutrient analysis, see herbage analysis 
plant nutrient deficiency - see also herbage analysis 

, quick guide to 
plant nutrient toxicity 
Plant Protection Society Inc., contact details .. 
plant resistance for insect pest control 
plant tissue analysis - see herbage analysis 
plantain, 
plastic drainage 
plate cooler, description 
plate count 
plate 
plough pans 
poa annua, identification 
poa pratensis, identification 
poa trivialis, identification 
poaching (of soils), definition 
podocarps 
podzols, definition 
pohutakawa 
points, of rain 

, grain 
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E-92 
E-85 

E-77 to E-93 
E-78 
E-93 
E-77 
G-13 
E-90 
E-88 

to F-50 
F-47 
F-51 

E-47 

F-53, N-50 

N-50 
H-17, N-50 

N-50 
H-19 

9 



poisoning (continued): 
, of livestock 
, of plants .................................................................................................................... F-51 
, selenium .................................................................................................................... B-67 

poisonous plants, cyanogenic ................................................................................................ B-56 
pole I perch, measures of area ............................. ., ................................................... J-4, J-5, J-l 0 
polioencephalomalacia, of goats 
pollard, feeding 
poll, polled, definition of 
pollution control legislation 
polyploidy, meaning 
ponding (drainage problems) 
poplar 
population, definition 
population density, definition 
porker, definition 
porina control 
Pork Industry Board, contact details 
porosity, definition 
Possum Control Agencies , contact details 

A-168 
N-50 

L-3 
N-50 
I-26 

H-15,H-17 
N-50 
N-50 
N-50 
E-53 

N-50 

I-8 
I-9 
I-8 
I-8 
I-8 

, treatment ...................................................................................................................... I-8 
post-grazing pasture mass .......................................................................................... A-4, A-156 
post-partum anoestrus, meaning of ...................................................................................... N-50 
potash, magnesium absorbtion .............................................................................................. B-63 
potash I potassium fertiliser types ......................................................................................... F -12 
potassic fertiliser, affects magnesium, sodium ................................................. B-51, B-54, F -12 
potato, cyst nematode ............................................................................................................ E-64 

, feed value ................................................................................................... A-160, A-168 
, moth control .............................................................................................................. E-65 

potential evapotranspiration (PET) ........................................................................................ I-34 
Poultry Industry Association of New Zealand Inc., contact details ....................................... M-9 
pounds (measurement) .................................................................................................. J-11, J-13 

, per acre (convert to grams per square metre or kilograms per hectare) ...................... J-6 
, per cubic foot (convert to kilograms per cubic metre) 
, per cubic inch (convert to grams per cubic centimetre) 
, per gallon (convert to grams per litre) 
, per inch (convert to kilopascals [kPa]) 

powdery mildew of peas ....................................................................................................... E-90 
power, metric I imperial conversions and measures 
prairie grass, cultivars I 

, establishment 
, fertiliser N requirement 
, identification ............................................................................................................. C-68 
, winter activity 

precision drill, description 
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pregnancy, diagnosis -see pregnancy testing (below) 
, duration table ......................................................................................................... A-175 
, testing - see also scanning 

- ofbeefbreeding cows ................................................................................... A-73 
- ofhinds ........................................................................................................ A-109 
-of ewes ........................................................................................ A-8, A-12, A-13 

, toxaemia- of cattle ................................................................................................... B-55 
-of sheep ................................................................................................ B-32, B-55 

pre-grazing pasture mass ........................................................................................................ A-4 
presser, definition of ............................................................................................................ N-51 
pressure, imperial I metric conversions and measures ........................................................... J-22 

, water 
prill, definition 
primary follicle, description of 
primary production, definition 
production function, definition 
production index (PI), definition of ..................................................................................... N-51 
production Worth (PW), definition of ................................................................................. N-51 
Proliq, feeding value .................................... , ..................................................................... A-168 
proprietorship, definition of ................................................................................................. N-51 
protective clothing and equipment (employees I legislation) ............................................... L-12 
provisional tax, definition of. ............................................................................................... N-51 
pruning trees - see farm forestry 
P.S.I. (pounds per square inch) .............................................................................................. J-22 
pseudostem, description of. .................................................................................................. N-52 
psychometer- see wet and dry bulb hygrometer ................................................................. K-25 
psychometric chart, example ............................................................................................... K-26 

, interpretation ............................................................................................................ K-27 
psyllids ................................................................................................................................. H-35 
P.T.O. (power take-off) power ............................................................................................... I-54 
puberty, age at .................................................................................................................... A-175 
pulpy kidney .......................................................................................................................... B-24 
pulsator, description of ......................................................................................................... N-52 
pulse rates, animal ................................................................................................................. B-77 
pump, working life of ............................................................................................................ I-46 
pumphouse, working life of ................................................................................................... I-46 
pumping rates, filling storages from supply .......................................................................... I-45 

, water ................................................................................................................. .I-45, I-40 
puncture vine, photosensitisation .......................................................................................... B-48 
pumpkin, feeding value ...................................................................................................... A-168 
purebred, definition of ......................................................................................................... N-52 
puriri ..................................................................................................................................... H-18 
powdery mildew disease ....................................................................................................... E-86 
pyrethroid, parasite treatment ..................................................................................... B-19, G-14 

p- 66 



Qualifications Authority, contact details 
Quality Accredited Wool Grower Programme 
quality assurance and fertiliser use 
quarantine, cooperia 

, of 'organic' 
, parasite control 

quart (measurement) 
quarterbred, definition 
quarterbred wool, definition 

Q 

quarters (measurement) ................................................................................................. J-13, J-16 
quota, definition of. .............................................................................................................. N-52 

R 1, R 2, R 3, meaning of 
race, for stock (yards) 
race I track I road - see also road 
radiant flux density, definition 
radiata pine, see also farm forestry 

, growth and yield 
ragwort, control - chemical 

-organic 
, photosensitisation 

R 

rainfall averages, for 1951 to 1980 throughout New Zealand 
, recent 

rainfall, imperial I metric conversions 
raised board, in woolsheds 
ram - see also sheep 
ram, sperm output 
ram, wool colour 
ram/ewe ratio 
ramps, for 
random breeding, definition of 
random, definition of 
rape, cultivars I types 

, feeding value 
, growmg 
, scald 

ratstail, identification 
reabsorption, definition 
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N-52 
I-49, N-52 
I-21, N-52 

N-52 
H-8, H-10 

H-8, H-9 
E-13 to E-16, E-22 

G-17 

K-3 
K-4 

6, J-19 
I-50 

A-12 
A-37 
A-12 
I-49 

N-53 
N-53 
D-14 

A-168 
D-13 



real dollar value, definition 
real interest rate, definition 
receiver, meaning 
recipient, definition 
recessive gene, definition of 
reciprocal cross, definition of 
reclassing, description of 
recycling effluent 
red clover, cultivars I types 

N-53 
N-53 
N-53 
N-53 
N-53 
N-53 
N-53 
F-19 

, disadvantages ............................................................................................................ C-23 
, identification ............................................................................................................. C-70 

, root 
, seed 

red legged earth mite control 
red top, identification 

regain, definition 
Regional and District 
Regional Coastal Plan 
Regional Policy Statements 
regrassing - see pasture renewal 
relative economic value (REV), definition 
relative humidity 
reliability (of index), definition 
relief (of land), definition of 
repeatability, definition 
reproductive rate, definition of 
Requiring Authority 
re-seeding, definition 
reserve potassium, definition 
residual activity 
residual dry matter 
resistance to disease, cereal crops 
resistance to herbicide, weeds 
resistance of I to parasites 

, drench 
, dips 
, organic farming 

resistance to pesticides, insects 
Resource Consents 

, activities 
, appeals 
, application 
, coastal 
, Consent Authorities 
, decision of Consent Authority 
, Discharge Permit 
, Environmental Impact Report 
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E-53 

D-10, N-53 
H-12 
N-53 

L~6, L-10 
L-5 
L-5 

N-54 
K-27, N-54 

N-54 
N-54 
N-54 
N-54 

L-9 
N-54 
N-54 
E-10 
A-4 

E-89 
E-ll 

9 
G-14 
E-49 

L-5, L-6 
L-6 
L-8 
L-6 
L-6 

L-6, L-7 
L-8 
L-6 
L-6 



Resource Consents (continued): 
, farm forestry 
, land use consem. 
, Subdivision Consem 

H-4 
L-6 
L-6 
L-7 

, Treaty ofWaitangi Tribunal Land Claims ................................................................. L-8 
, types of ....................................................................................................................... L-6 
, Water Permit ............................................................................................................... L-6 

Resource Management Act 1991 (RMA) .................................................................. L-3 to L-11 
, activities- types of. ..................................................................................................... L-6 
, amendments .............................................................................................................. L-11 
, brief outline ................................................................................................................ L-3 
, District Plans .............................................................................................................. L-5 
, duties and restrictions under the Act .......................................................................... L-4 
, esplanade reserves ...................................................................................................... L-9 
, Heritage Orders ........................................................................................................... L-9 
, land use ....................................................................................................................... L-4 
, plans I statements I standards ..................................................................................... L-5 

- District Plans .................................................................................................... L-5 
-National Coastal Statement .............................................................................. L-5 
-National Environmental Standards .................................................................. L-5 
-National Policy Statements .............................................................................. L-5 
-Regional Plans ................................................................................................. L-5 
-Regional Policy Statements ............................................................................. L-5 

, Regional Policy Statements ........................................................................................ L-5 
, Requirements and Heritage Orders ............................................................................. L-9 
, Resource Consents ........................................................................................... L-6 to L-8 
, subdivisions ................................................................................................................ L-8 
, sustainable management ............................................................................................. L-3 
, Town and Country Planning Act ................................................................................ L-3 
, Treaty ofWaitangi Tribunal Land Claims ................................................................. L-8 
, Water and Soil Conservation Act ............................................................................... L-3 

respiration (aerobic), definition of ....................................................................................... N-54 
respiration (of plants), explanation of. ................................................................................. N-54 
respiration rates, animal 
retention time, definition of 
reverted superphosphate fertiliser 
rewarewa 
rhizobia inoculation, definition 
rhizobium 
rhizobium, birdsfoot trefoil specific 
rhizobium, caucasian clover specific 
rhizome, definition 
RHS (abbr.), meaning 
ribby pelts, description of 
ridger, description 
rig, definition 
rill erosion, definition 
risk, definition 
river use, legislation 
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N-54 
F-7 

H-18 
N-54 

C-17,N-54 

N-54 
N-54 
N-54 
N-55 
N-55 
N-55 
N-55 

L-4 



RM (abbr.), meaning of ....................................................................................................... N-55 
RMT (abbr.), meaning of ..................................................................................................... N-55 
road (farm) ............................................................................................................................. I-21 

, aggregate surface ....................................................................................................... I-23 
, bends and turning circles ........................................................................................... I-21 
, bridge and culvert design ........................................................................................... I-24 
, cement stabilisation ................................................................................................... I-25 
, cross section profiles .................................................................................................. I-22 
, drainage ..................................................................................................................... I-24 
, fills and cuttings ........................................................................................................ I-24 
, grades ......................................................................................................................... I-21 
, maximum culvert spacing .......................................................................................... I-24 
, pavement ........................................................................................................... .I-22, I-23 
, position of road .......................................................................................................... I-21 
, water table drainage ................................................................................................... I-24 

road-side weeds ....................................................................................................................... E-7 
roar, meaning of ................................................................................................................... N-55 
Roaring Forties, wind ........................................................................................................... K-13 
rod (measurement) 
roller drill, description 
roller, 
Romney Sheep Breeders' Association, contact details .......................................................... M-8 
rood, to acres I hectares I perches ..................................................................................... J-4, J-5 
root depths, ofcrops ............................................................................................................... I-33 
root knot nematode, control .................................................................................................. E-56 
root nodules, definition of .................................................................................................... N-55 
root rots of maize .................................................................................................................. E-87 
root nodules, definition of. ................................................................................................... N-55 
rotational grazing, definition of ........................................................................................... N-55 
Roto-Rainer irrigators ................................................................................................... .I-41, I-40 
roundwood, definition of ..................................................................................................... N-55 
Roundworm- see also parasites of ruminants ........................................................................ B-8 
rouseabout (rousie), definition of. ........................................................................................ N-55 
RPR fertiliser (reactive phosphate rock) ................................................................................. F-5 
RSJ (abbr.), definition of ..................................................................................................... N-55 
rubber ring, lamb docking .................................................................................................... A-23 
rubbish disposal, legislation .................................................................................................. L-1 0 
rumen development, dairy calves ........................................................................................ A-85 
rumina! tympany - see bloat 
ruminant, digestion ............................................ A-147, A-148, A-154 to A-157, A-163, A-164 

, trace element requirements .......................................................................... B-61 to B-63 
Run bull, definition of. ......................................................................................................... N -10 
run, definition of .................................................................................................................. N-55 
run-off, definition of ............................................................................................................ N-55 
run-off effluent ...................................................................................................................... F-20 
run-out pasture, definition of ............................................................................................... N-55 
run with bull I ram I stag (RWB, RWR, RWS), definition of... ........................................... N-56 
Rural and Associated Contractors Federation ofNew Zealand Inc., contact details ............. M-9 
Rural Communities Trust, contact details .............................................................................. M-9 
Rural Couriers Society Ltd (Coural), contact details ............................................................. M-9 
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Rural Women New Zealand, contact details .......................................................................... M-9 
rut, meaning of .................................................................................................................... N-56 
RWB I RWR I RWS (abbr.), meaning of.. ........................................................................... N-56 
ryecom, feeding value ........................................................................................................ A-168 

, greenfeed ................................................................................................................. D-16 
, silage ........................................................................................................................ D-19 

ryegrass, see also pasture grasses 
, endophyte 
, establishment 
, feed intake 
, feed 
, hybrids - long rotation 

- short rotation 

A-155 
A-166 

1 

, Italian ........................................................................................................................ C-11 
, nutrient standards ...................................................................................................... F-44 
, nutritional value ..................................................................................................... A-151 
, perennial ........................................................................................................... C-3, C-1 0 
, seasonal leaf composition ...................................................................................... A -151 
, seed production ........................................................................................... D-45 to D-47 

ryegrass seed production, see entire chapter I section ............................................ D-45 to D-47 
, closing up ................................................................................................................. D-46 
, disease control ......................................................................................................... D-46 
, establishment ........................................................................................................... D-45 
, fertiliser spring application ...................................................................................... D-45 
, grazing ..................................................................................................................... D-46 
, growth regulators ..................................................................................................... D-46 
, harvesting I storage .................................................................................................. D-46 
, irrigation .................................................................................................................. D-46 
, seed treatment and baits ........................................................................................... D-45 
, weed control ............................................................................................................ D-46 

ryegrass staggers ......................................................................................... B-4, B-40, B-50, C-3 

s 

S (chem. sym.), meaning of ................................................................................................. N-56 
sale by sample, meaning of. ................................................................................................. N-56 
saline soils, definition of ...................................................................................................... N-56 
Saanan goat ........................................................................................................................ A-145 
safe pasture, parasite control ......................................................................................... B-8, B-13 
safety (employment) legislation ............................................................................................ L-12 
salmonella brandenburg, of sheep ......................................................................................... B-29 
sampling, feeds for testing ................................................................................................. A-170 

, herbage for nutrient analysis ..................................................................................... F-42 
, pasture ....................................................................................................................... C-47 

F-22 
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sampling (continued): 
, wool 

sap test 
sawlogs, definition 
Saxon, meaning of 
scabby mouth, of deer 

, of goats 
, of 

scald, of cereals disease 
, of 

scanning percentage, definition 
scanning, pregnant stock - see pregnancy testing 
schedule (meat), definition 
sclerotia fungus 
screen (animals), definition of 
scouring (wool), description 
scurs, definition of 
SD (abbr.), meaning 
SE (abbr.), meaning 
Se (chem. sym.), meaning of 
seaweed fertiliser 
sebaceous gland, description of 
second cut (wool), definition 
second shear wool, definition 
S.E.D. 

, endophyte infection levels 
, Laboratory, contact details 

A-59 
D-38 
N-56 
N-56 

E-86 

N-56 

N-56 
N-56 
N-56 
N-56 
N-56 
N-56 
F-21 
N-56 
N-56 
N-56 

I-8 

, Management Authority Inc., contact details .............................................................. M-8 
, mix - pasture - see pasture 

- seedling emergence prediction ........................................................................ 0-3 
- species compatability ...................................................................................... 0-3 

, production - white 
, quality (by sample), definition 
, treatment for cereals 
, vigour, definition 
, weed seed impurities in seed-line 
, weight .............................................................................. C-18, C-37, D-37, D-42, D-52 

seedling, development. ................................................................................................. C-6 to C-8 
, emergence prediction ................................................................................................. 0-3 
, growth rate ................................................................................................................. 0-3 

seedling vigour, definition of. .............................................................................................. N-57 
selection differential, definition of.. ..................................................................................... N-57 
selenium, deficiency 

, deficient soils, location on map ofNew Zealand ..................................................... B-68 
, pasture levels 
, sources 
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selenium (continued): 
, toxicity 

senescence (of plants), definition of .................................................................................... N-57 
semi-controlled flooding irrigation ........................................................................................ I-34 
serpentine super magnesium fertiliser .................................................................................. F -18 
serum, definition of.. ............................................................................................................ N-57 
service (animal breeding) table .......................................................................................... A -14 7 
set-stocking, definition of .................................................................................................... N-57 
sex-linked, definition of ....................................................................................................... N-57 
shade, temperature measurement ......................................................................................... K-29 
sharp eyespot disease ............................................................................................................ E-87 
shearing board, design ........................................................................................................... I-50 
shearing goats ......................................................................................................... A-143, A-144 
shearing sheep, crutching ........................................................................................... A-47, A-53 

, date .......................................................................................................................... A-45 
, frequency ................................................................................................................. A-45 
, near mating 
, preparing 

, training 
shedding out, meaning 
shedhands, meaning 
sheds I structures 
shed-up, definition 
sheep, body condition score 

, breeding 

, clover oestrogen 

A-48 to A-54 
A-63 
N-57 
N-57 

I-48 to I-53 
N-57 
A-15 

, cross-breeding ............................................................................................. A-26 to A-29 
, determining age ..................................................................................................... A -177 
, Dog Trial Association, contact details ....................................................................... M-8 
, diseases ........................................................................................................ B-23 to B-30 

-dystocia ............................................................................................... A-14, A-26 
- infectious ........................................................................................................ B-24 
- metabolic ........................................................................................................ B-23 
- reproductive 

, ewe hogget mating ......................................................................................... A-12, A-25 
, feed requirements- see entire chapter I section ............................................ A-5 to A-21 

- lamb demand I ewe feed supply .................................................................... A -18 
-lamb energy requirement .............................................................................. A-20 
- lamb feeding .................................................................................... A-17 to A-19 
-of adult sheep .................................................................................................. A-6 
-of dry ewes ...................................................................................................... A-6 
-of lactating ewes ............................................................................................. A-9 
-of pregnant ewes ............................................................................................. A-8 

, fertility ..................................................................................................................... A-12 
, flushing .............................................................................................................. A-6, A-7 
, genetics ......................................................................... A-12, A-25, A-27, A-30 to A-33 
, lamb - birth weight ................................................................................................... A -13 

-bonding ......................................................................................................... A-14 

p -73 



sheep (continued): 
, lamb 

- carcass features 
- drafting strategy 
-feeding 

-growth 
- growth rate calculations 

A-23 
A-24 

A-17,A-19 
A-23 

A-19, A-20 
A-22 
A-17 
A-14 
A-13 

- weaning date ................................................................................................. A -17 
-wether I ram I cryptorchid ............................................................................. A-23 

, lambing percentage .......................................................................................... A-7, A-12 
, management- see entire chapter/section ...................................................... A-5 to A-35 
, measles ..................................................................................................................... B-1 7 
, multiple birth management ...................................................................................... A-14 
, nutrition ............................................................................. A-5 to A-21, A-147 to A-162 
, organisations - Sheep Breeders' Association, contact details ................................... M -8 

- Sheep Council, contact details ...................................................................... M -I 0 
-Sheep Dairy Association ofNew Zealand, contact details ............................. M-9 
- Sheep Dog Trial Association, contact details ................................................. M-8 
- Sheep Improvement Limited (SIL) .................................................. A-30 to A-33 

, ovulation I liveweight relationship ............................................................................ A-7 
, ramps ......................................................................................................................... I-49 
, rams - see rams 
, recording and 
, shearing - see shearing sheep 
, slaughter weight -
, teaser rams 
, twinning 
, water requirements 
, weighing 
, wool - see wool 
, works 
, yards 

sheet erosion, definition 
shelterbelts 

, see also farm forestry; tree varieties 

, design 
, establishment 
, fencing 
, geometry 
, height 
, length 
, porosity 

, restrictions upon 
, snow trap design 
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A-30 to A-33 

A-22 
A-26 
A-13 
I-43 

A-14 

H-17, H-40 to H-43 

H-40 

H-43 
H-43 
H-40 
H-40 
H-40 
H-41 
H-41 
H-43 
H-42 



shelterbelts (continued): 
, time staggered development 
, two-row two-tier design for sheepfarm 

Shn (abbr.), meaning of 
shining 
shipping ton, freight I timber 
short cycling, meaning 
shrinkage (CW), definition 
siblings (sibs), definition 
sight-glass, description of 
silage, see entire chapter I 

, bunkers 

H-41 
H-42 
N-57 
H-14 

6 
N-57 
N-57 
N-58 
N-58 

, cereal (whole-crop)- barley I oats I triticale comparison ........................................ D-19 
- days to maturity ............................................................................................ D-19 
- disease control... ............................................................................................ D-21 
- establishment ................................................................................................ D-20 

- nutritive value 
-pest 
- plant growth regulators 
-weed 
-yield 

, compaction 

, feed 

D-21 
D-22 
D-21 
D-21 
D-21 
D-19 

, feeding out ............................................................................................................... D-3 3 
, fermentation .............................................................................................................. B-58 
, fertiliser needs .......................................................................................................... F-27 
, lucerne 
, quality - and animal health 
, samples for testing 
, stack making 
, stacks- measurement of volume 
, whole crop- see cereal (above) 

A-170 
D-31 
I-48 

silent oestrus (silent heat), d~scription ................................................................................. N-58 
silver beech .......................................................................................................................... H-19 
sirex noctilio ......................................................................................................................... H-34 
sitona weevil control ............................................................................................................. E-56 
skim milk powder, feeding value ....................................................................................... A-168 
skin cancer, ultraviolet radiation .......................................................................................... K-19 
skin damage, photosensitisation diseases 
skirting, meaning 
slaughter - see meat 
slaughter weight, deer 

sleepy sickness, of 
SLI sulphur leaching 
slink (lamb), definition 
slipe wool, definition 
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N-58 

A-124 
A-141 
A-22 
B-55 
F-1 0 
N-58 
N-58 



slips and slumps, tree stabilisation ....................................................................................... H-16 
sliver, definition of ............................................................................................................... N-58 
slope, impact on farm area - fencing and fertiliser 
slow release, nitrogen ............................................................................................................ F -13 

, phosphate .......................................................................................................... F-5 to F -8 
, selenium .................................................................................................................... B-67 
, sulphur ............................................................................................................... F-9, F-10 

slugs, control ......................................................................................................................... E-55 
S.M. Deficit ............................................................................................................................ I-32 
Smallfarming New Zealand, contact details ........................................................................ M-10 
SMP (abbr.), meaning of... ................................................................................................... N-58 
smut disease of cereals 
snail, liver fluke host ............................................................................................................. B-18 
SNF (abbr.), meaning of ...................................................................................................... N-58 
snowfall, conditions ............................................................................................................. K -15 
snow-raking, meaning of ..................................................................................................... N-58 
Society of Animal Production Inc., contact details ................................................................ M-8 
Society of Soil Science, Crop & Food Research Ltd., contact details ................................... M-8 
sodium deficiency 

, in lucerne 
sodium selenate 
sod seeding, description 
softwoods, definition 
soil, see entire chapter I section 

, acidity causes 
, analysis -see also soil testing, animal health 
, and Health Association ofNew Zealand Inc ........................................ G-8, G-21, M-10 
, cap-definition of ...................................................................................................... N-59 
, classification ................................................................................................. F-60 to F-63 

- comparing old and new classes ...................................................................... F-61 
- fertiliser recommendations ........................................................................... F-62 
-old system ...................................................................................................... F-60 

, complex- definition of.. .......................................................................................... N-59 
, composition .............................................................................................................. F-52 
, conditions and plant production ............................................................................... F-23 
, conservation legislation .............................................................................................. L-8 
, creep (wind erosion), definition of .......................................................................... N-59 
, cultivated layer ......................................................................................................... F-55 
, damage- compaction ....................................................................................... F-53, F-54 

-intensive stocking .......................................................................................... F-53 
-ploughpans ................................................................................................... F-53 
-pugging and treading ..................................................................................... F-54 

, drainage ......................................................................................................... I-26 to I-30 
, earthworms ............................................................................................................... F-59 
, erosion ............................................................................................................. F-54, F-58 
, horizon, definition of ............................................................................................... N-59 
, mapping units- definition of.. ................................................................................. N-59 
, moisture - deficit days ............................................................................................. K-21 

-deficit .............................................................................................................. I-32 
-drought defined ............................................................................................ K-21 
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soil (continued): 
, moisture 

-feel test ............................................................................................................ l-36 
- field capacity of .............................................................................................. I-31 
-monitoring ............................................................................. , ....................... K-32 

, nutrient budgeting ..................................................................................................... F-35 
, organic matter ........................................................................................................... F-52 
, pH and lime .............................................................................................................. F-37 
, pores ................................................................................................................ F-52, F-56 
, profile diagrams and inspection .................................................................... F-55 to F-57 
, root growth ............................................................................................................... F-52 
, soil type - see soil classification 
, stability ..................................................................................................................... F-52 
, structure ........................................................................................................... F-52, F-55 
, structure problems, identifying ................................................................................. F-55 
, sub-cultivated layer .................................................................................................. F-56 

, testing 
- error measuring phosphate 
- essential 
- for nitrogen 
- interpreting results 
- interpreting trace element tests 
- soil sampling strategy 
- soil test units 
-test 
- values for pasture 

, water budgeting - definition 
, water deficit - definition 

Soilcon 
solar 
solids not fat (SNF), definition 
solvency, definition of 
somatic cell count 
sonic tester, definition 
sorghum, feeding value 
sorption, definition 
sound (wool), definition of 
Southdown Sheep Society ofNew Zealand Inc., contact 
Southdown, photosensitization 

F-57 
F-55 
I-32 

N-59 
N-59 
N-59 

K-8 
to F -23 

F-6 
F-22 
F-15 
F-23 
F-22 
F-22 
F-23 
F-22 
F-23 
N-59 
N-59 
I-19 

K-22 
N-59 
N-59 

A-95, A-97 
N-59 

A-168 
N-60 
N-60 
M-10 

southern mahogany .............................................................................................................. H-14 
sowing rates, imperial/ metric conversions ............................................................................. J-6 
sowing time and insect pest control ...................................................................................... E-4 7 
soyabean meal, feeding value ............................................................................................ A-168 
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span (measurement) 
speckled leaf blotch disease .................................................................................................. E-86 
speed I velocity measures ....................................................................................................... J -24 
Sphaeropsis sapinea ............................................................................................................. H-34 
spikelet, description of ......................................................................................................... N-60 
spiker (deer), definition of ................................................................................................... N-60 
spinner (wool), meaning of.. ................................................................................................ N-60 
spore count, facial eczema 
spot price, meaning 
spottie (deer), meaning 
spray irrigation - see 
sprayer (chemicals), amount of chemical to use 

, application speed 
, calibration and cleanmg 
, calibration formula 
, flow-rate 

spraying mixtures, imperial I metric conversions 
spraying rates, volume per area - imperial I metric conversions 

I-34 
I-60 
I-59 

spreading rates, metric I imperial conversions ......................................................................... J-6 
springing, meaning of .......................................................................................................... N -60 
springtail control ......................................................................................................... E-52, E-58 
sprinkler, irrigation- see irrigation ........................................................................................ I-39 

, irrigation efficiency ................................................................................................... I-32 
, working life of ........................................................................................................... I -4 7 

square measure, metric I imperial conversions 
squash, feeding value 
SS (abbr.), meaning 
StJohn's wort, photosensitisation 
stag, breeding 

, feed requirements 

, hybrids 
, velvet production 
, venison production 

staggers, paspalum 

A-108, N-41 
A-112, A-116 to A-122 

A-114 to A-120 
A-112, A-113, N-41 

A-126 to A-128 
A-123 to A-125 

, ryegrass ..................................................................................................... B-4, B-50, C-3 
standard, definition of .......................................................................................................... N-60 
standard deviation (SD), definition of ................................................................................. N-60 
standard plate count ................................................................................................... A-97, N-60 
Standardbred Breeders' Association Inc., contact details ...................................................... M-8 
Standards New Zealand organics ........................................................................................... G-9 
standards, organic .................................................................................................................. G-3 
staples, fencing ........................................................ , ................................................................ I -7 
static liveweight effect (SLE) ................................................................................................ A-7 
stay assemblies, breast block strainer ..................................................................................... I -12 

, diagonal stay .............................................................................................................. I -13 
, horizontal stay ............................................................................................................. I-9 

Std (abbr.), definition of. ...................................................................................................... N-60 
steady-state, definition of.. ................................................................................................... N-61 
steely (wool), definition of... ................................................................................................ N-61 
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steep hill country, definition 
stem planting density I spacing (forestry) 
stem rust disease 
stimulation, definition 
Stock and Station Agents' Association Inc., contact details .................................................. M-8 
stock camp, hill country 

, soil fertility 
stock feed, see animal nutrition -see also named feeds 
stock nutrition, see animal nutrition 
stock units - see also stocking 

, beef 

, horses 
, measurement 
,sheep 

stock water - requirements and supply - see water 
stocking density, definition 
stocking limits, organic farming 
stocking rate- see also stock units (above) 

, affecting fertiliser demand 
, livestock 

stolon, description 
stomata, descripton 
stone (weight measurement) 
storage (farm), see entire chapter I section 

, design - dimensional data for design 

F-24 

A-179 to A-182 
A-181, A-182 

A-180 
A-181, A-182 

A-131 
A-182 
A-179 

A-180, A-181 
I-43 

N-61 
G-14 

F-24 

I-48 to I-53 
I-48 
I-48 

, gram ................................................................................................................... 1-)L, I-48 
, livestock space ........................................................................................................... I-48 
, material density ......................................................................................................... I-48 
, vehicles- space requirements .................................................................................... I-48 

storage provisions required for water .................................................................................... I-44 
store (livestock), definition of.. ............................................................................................ N-61 
stored feed, animal health disorders ......................................................................... B-58 to B-60 
straightbred, definition of... .................................................................................................. N-61 
strain, meaning of. ................................................................................................................ N-61 
strainer assemblies ................................................................................................................... I-9 
strainer posts ............................................................................................................................ I -9 
straw, feed value........................ .. ................................................................. A-167 
strawberry clover, identification 

, persistence 
, varieties I 

streamside 

striated clover, identification 
stringer, description N-61 
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strip-drain drainage 
strip grazing, description 
stripe rust disease 
strong (wool), definition 
stubble mulch, meaning 
stud (animal), definition of 
style, definition 
SU (abbr.), meaning 
subdividing, hill country 
subdivisions (land) 

, consent 
, legislation 

subjective trait, definition 
submission rate (SR), definition 
subs oiling 

I-27 
N-61 
E-86 
N-62 
N-62 
N-62 
N-62 

A-179 
C-8, I-19 

L-8 
L-6 
L-3 

subsurface drainage ....................................................................................................... .I-29, I-27 
subterranean clover, climatic requirements 

, cultivars 
, establishment 
, hard seed 
, pasture renewal 
, survival 

.. -25 
........ C-25 

, identification ............................................................................................................. C-71 
sub-tropical depressions ....................................................................................................... K-14 
sucker, meaning of ............................................................................................................... N-62 
suckling clover, identification ............................................................................................... C-71 
sugar-beet pulp, feeding value ........................................................................................... A-168 
suint, meaning of. ................................................................................................................. N-62 
sulphate fertiliser ..................................................................................................................... F -9 
sulphate of ammonia fertiliser .............................................................................................. F-13 
sulphate of potash fertiliser ................................................................................................... F-12 
sulphur I copper I molybdenum interactions ......................................................................... F-49 
sulphur fertilisers .................................................................................................................... F-9 
sulphur fortified super fertiliser .............................................................................................. F-9 
sunlight, sensitivity 
sunshine 

, for plant growth 
, recorded averages 

sun-spot cycle, rainfall 
superphosphate fertiliser 
supplementary feeds - see feed supplement 

K-16, K-17 
K-31 
K-10 
K-28 

F-5 

supply equipment for water, working life of ........................................................................ I-46 
surface drainage ..................................................................................................................... I-28 
sustainable management of resources (legislation) ................................................................. L-3 
sward stick 
sway-back 
swedes, see forage crops 

, feeding value 
, growing 

sweet clover, identification 
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sweet lupin, feeding 
sweet vernal, identification 
sweetcorn residue, feeding value 
Swiss needle cast 
symbiosis, definition 
synthetic breed, meaning 

T 

table mortgages, calculation of annual payments 
tablespoon measure, to metric equivalent 
taenia ovis - see sheep measles 
tagasaste 
tail paint, description of 
tailing percentage, definition 
take-all disease 
tall fescue 

, cultivars 
, drought response 
, establishment 

A-168 

A-168 
H-35 
N-62 
N-63 

H-19 
N-63 
N-63 
E-88 

3 

, identification ............................................................................................................. C-65 
, pH and waterlogging tolerant 
, toxic roadside growth 

tall oat grass, identification 
tally dates 
Tama ryegrass, feeding value 
tanekaha 
tanks, water 
ta.nnins, bloat preventing 
tapeworm - see also parasites of ruminants 
Tasmanian grass grub control 
tassel, definition 
tawa 
taxonomic units, meaning 
TB, see tuberculosis 

, description 
teaser, meaning 
teaspoon measure, to metric equivalent 
teat spray, description 
teat sinus, definition 
tedding, description of 
teeth, aging livestock by 
telephone numbers, of many agricultural organisations 
temperature, Fahrenheit I Celsius conversions 
temperatures, animal 
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A-179 
A-168 

H-19 
I-45 

N-63 
N-63 

N-63 
N-63 
N-63 

A-177 
M-3 to M-10 



tender (wool), description 
tension, definition 
tension meter, description 
terminal sire, 

, definition 
, goat 
, sheep 

terrace erosion 
Territorial Authorities 
testing soils - see soil testing 
testing the earth, for electric 
tetanus, of sheep 
texture (soil), definition 
The Royal Agricultural Society of New Zealand Inc., contact details 

N-63 
N-63 
N-63 
A-75 
N-63 

A-142 
A-27 
F-58 

L-5 

thermal time, definition of ................................................................................................... N-63 
, seedling emergence .................................................................................................... 0-3 

thinning trees - see farm forestry 
Thoroughbred Breeders' Association, contact details 
threshold plant growth temperature 
thunderstorm, cause 
thyroid ......................................................................................................................... B-74, N-63 
ticks 
tie-back, (tie-wire), description of 
tie-down, description 
tile, drainage 
tiller, descriptionn 
tillering, definition 
timber, see also farm forestry 

N-63 
N-63 

E-54, I-27 
N-64 
N-64 

6 
, cubic feet per acre to cubic metres per hectare .......................................................... J-30 

timothy 
, establishment 
, hay 
, identification ............................................................................................................. C-66 
, iodine levels 

tine, description of 
tippy, definition of 
tissue worm, of deer 
TMR - see total mixed rations 
Toggenburg goat 
ton (measurement) 
tonne, to hundredweights/tons 
TOP (abbr.), meaning 
top (wool), definition 
topdressing, cobalt 

, copper 
, iodine 

N-64 
N-64 

A-145 
1 to J-13, J-16 

J-6, J-7, J-11, J-12 
N-64 
N-64 

, selenium .................................................................................................................... B-66 
topdressing rates, calculating required rates ......................................................................... F-29 

, effect of slope I hills on rates applied 
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topdressing (continued): 
, for crops 
, for hay and 
, for pasture 
, imperial I metric conversions 

F-28 
F-27 

topknot (wool), definition 
total mixed rations (TMR) 

N-64 
A-150 
A-163 total mixed rations versus grass feeding 

to tara H-18 
L-3 

N-64 
Town and Country Planning Act 
town supply, definition 
toxic 
toxins, endophyte 
toxoplasmosis abortion, of goats ........................................................................................... B-43 

, of 
trace element, animal tissue sampling 

, deficiency of livestock- see entire chapter I section ................................... B-61 to B-76 

- cobalt .............................................................................................................. B-69 
B-60, B-62, B-72 

- iodine 
- manganese ...................................................................................................... B-75 
- phosphorus 
-risk 

- signs 
- sodium ............................................................................................................ B-54 

, deficiency of plants- see entire chapter I section ......................................... F-41 to F-50 
, definition ................................................................................................................... B-61 
, fertilisers ........................................................................................................... F-21 F-50 
, food sampling 
, references .................................................................................................................. B-7 5 
, requirements ................................................................................................ B-61 to B-63 
, soil test ...................................................................................................................... F-12 

tracks I races I roads- see also roads ..................................................................................... I-21 
tractors, fuel consumption of ................................................................................................. I-54 

, hours and work rates .................................................................................................. I-55 
, and implements ......................................................................................... I-54, I-57, I-58 
, maximum PTO .......................................................................................................... I-54 
, operating speed .......................................................................................................... I-56 
, power ......................................................................................................................... I-54 

Trade New Zealand (New Zealand Trade Development Board), contact details ................ M-10 
translocation, definition of ................................................................................................... N-64 
transpiration, definition of ................................................................................................... N-64 
travelling irrigators ................................................................................................................. I-41 
Treaty ofWaitangi and the Resource Management Act.. ....................................................... L-8 
Treaty of Waitangi Tribunal Land Claims .............................................................................. L-8 
Tree Crops Association, contact details 
tree varieties, see individual tree names 
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trees, see also farm forestry; tree varieties; shelterbelts 
, and 
, water requirements 

trefoil, birdsfoot 
trefoil dermatitis 
trematode ................................................................................................................................. B-9 
trench drains ........................................................................................................................... I-27 
trickle irrigation ..................................................................................................................... I -40 
trifoliate, definition of .......................................................................................................... N-64 
triple superphosphate fertiliser ................................................................................................ F -7 
tristimulus wool value .......................................................................................................... A-37 
triticale, silage ...................................................................................................................... D-19 
tropical cyclone .................................................................................................................... K-15 
tuberculosis, control scheme 

, of cattle 
, of deer 

tuber, description 
Tuiliq, feeding value 
Turbo-Rainer irrigators 
turning circles I roads 
turnip mosaic virus ofbrassicas 
turnips, see also forage crops 

, feeding value 
, growing 

twin lamb disease - see sleepy sickness 
two-tooth (2th), definition of 
two-year ewe, definition 
tynes - see deer velvet 
type (wool), definition 

ultrasound - see scanning 
ultraviolet radiation 

, skin cancer 
undersown, meaning 
unsound (wool), definition of 
urea nitrogen fertiliser 
urine, protein loss 
uterus, description 
UV - see ultraviolet radiation 

u 
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A-168 
D-5 

N-64 
N-64 

N-64 

K-16 
K-19 
N-65 
N-65 

. F-15 
A-149 

N-65 



vaccination 
vaccine, scabby mouth 
variable costs, definition 
vasectomised ram I bull 
vealer, definition 

v 

vegetable crops, livestock supplement ............................................................................... A-160 
vegetable matter, wool ......................................................................................................... A-41 
vehicles, fuel consumption of tractors ................................................................................... I-54 

, space requirements .................................................................................................... I-48 
, tractor hours and work rates .......................................................................... I-55 to I-56 

velocity I speed, measures and imperial I metric conversions 
velvet, feeding effects ........................................................................................................ A-126 

, harvesting .............................................................................................................. A-126 
, production ............................................................................................... A-126 to A-128 
, product description ................................................................................................ A-127 
, recording yields ..................................................................................................... A-128 
, selective breeding .................................................................................................. A-128 
, target antler weight ................................................................................................ A -126 
, typical antler weight .............................................................................................. A-126 
, yield ....................................................................................................................... A-126 

venison, carcass composition ............................................................................................. A-124 
, export value ........................................................................................................... A-123 

, payment basis 
, premium markets 

vernalisation, definition 
vetch, varieties I cultivars 
veterinary advice, visits 
vetted "in calf' etc., meaning of 
VFI (voluntary feed intake) 
viral diseases of peas .. 
virgin wool, definition 
vitamin, definition of 
vitamin B, cobalt deficiency interaction 

, injection 

A-124 
A-124 
A-123 

A-123 to A-125 
N-65 

vitamin D, milk fever prevention .......................................................................................... B-54 
vitamin E, selenium association ............................................................................................ B-65 
VM, see vegetable matter 
Vol. (abbr.), meaning of. ...................................................................................................... N -65 
volatilisation, definition of. .................................................................................................. N -65 
volt, unit of electricity ................................................................................................. .J-21, N-65 

I-17 
volume , calculate capacity of silos I stacks ................................................................. .l-52. I-48 

, imperial I metric conversions of measures 
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volumetric water content, definition 
voluntary feed 

wages of management (WOM), definition 
waratahs (fence) 
warp, meaning of 
Water and Soil Conservation Act 

w 

N-66 

N-66 
I-8 

N-66 
L-3 

water, average rates of demand .............................................................................................. I-43 
, beef cattle- requirement ........................................................................................... I-43 
, calves- requirement. ................................................................................................. I-43 
, consumption on general farming activities ....................................................... .I-44, I-43 
, dairy- cattle requirement... ....................................................................................... I-43 

-shed requirement ................................................................................... .I-46, I-53 
, dam ............................................................................................................................ I-45 
, demand- average rates .............................................................................................. I-43 

-peak rates ........................................................................................................ I-43 
-quantity and time patterns ............................................................................... I-43 

, domestic consumption .............................................................................. I-43, I-44, I-45 
, efficiency of application ............................................................................................ I-34 
, farm supply .................................................................................................... I-43 to I-46 
, firefighting requirements .................................................................................. .I-46, I-53 
, flow rate measures ..................................................................................................... J -19 
, garden consumption .......................................................................................... .I-46, I-53 
, garden supplies .......................................................................................................... I -46 
, holding capacity ofsoil ................................... , ........................................ I-21, I-26, I-32 
, horses - requirement ................................................................................................. I-43 
, horticultural requirements ......................................................................................... I-40 
, household supplies ..................................................................................................... I-45 
, irrigation- see irrigation ................................................................................ I-31 to I-43 
, long term demands in domestic and stock supplies ................................................... I-44 
, peak requirements for farm supply ................................................................... .I-45, I-43 
, plant available in soil... .............................................................................................. I-32 
, pressure 
, pumping rates for filling storages from supply 
, requirements - of crops 

- offarms 
, sheep - requirement 
, stock requirements 
, stock 
, storage provisions 
, supply equipment- working lives 
, supply-

-on farms 

p- 86 

I-45 
I-35 
I-43 
I-43 
I-43 
I-46 
I-45 
I-46 

I-43 to I-46 



water (continued): 
, table (roads) I-21 

I-45 
, tree requirements ....................................................................................................... I-42 
, use - legislation ........................................................................................................... L-4 
, weight 

water-balance calculations K-29 
F-58 water 

water medication, bloat 
, grass staggers 

Water Permit ........................................................................................................................... L-6 
water table drainage ............................................................................................................... I-24 
waterlogging ......................................................................................................................... F-56 
waterway, buffer zone ........................................................................................................... F-20 

, effluent contamination .............................................................................................. F-20 
Watt, definition of.. .............................................................................................................. N-66 
wax (wool), definition of ..................................................................................................... N-66 
weaner (Wm), meaning of ................................................................................................... N-66 
weather and climate .................................................................................................. K -1 to K-3 2 
weather forecasting ................................................................................................. K-23 to K-28 

, climatic trends ......................................................................................................... K-27 
, cycles and events ..................................................................................................... K-27 
, daily map interpretation ........................................................................................... K-23 
, dew-point temperature ................................................................................... K-24, K-25 
, drought forecast ....................................................................................................... K-28 
, drought risk .............................................................................................................. K-28 
, dry soil days ............................................................................................................. K-28 
, El Nino I El Nina ..................................................................................................... K-27 

, global warming 
, long 
, rainfall 
, seasonal forecasting factors 
, services 

K-24, K-25 
K-27 
K-27 
K-28 
K-27 
K-23 
K-24 

, southern oscillation .................................................................................................. K-27 
, sun-spot cycles ......................................................................................................... K-27 
, temperature cycles ................................................................................................... K-28 

weather records for New Zealand regions- rainfall, evapotranspiration, 
air temperature, soil temperature, sunshine hours 

weather systems, weather 
weathering, definition 
weed control, see entire chapter I section 

, see also herbicides for weeds 
, biological weed control 
, chemical weed control 
, herbicide 
, herbicide use 
, herbicides for specific 
, impurities in bought 
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K-3 to K-10 
K-23 
N-66 

E-7 to E-44 

E-12 
E-13 to E-35 

E-ll 
E-10 



weed control (continued): 

weevil 

, names 
, organic farming 
, principles 
, weed identification 
, weed management 
, with 

weighing, animals 
, beef 
, dairy cattle 
, deer 

, sheep 
weight, busheu~ 

E-9 
E-9 

E-37 
G-13 

E-7 
E-7, E-8 

E-8 
A-131 

E-58 

A-67, A-72, A-79 
A-86, A-100 

A-114, A-121 
A-137 

, imperial I metric measures and conversions ..................................................... J-11, J-13 
, of milk I water 

wells, working life 
wet and dry bulb hygrometer, frost forecast 
wet I dry, definition of 
wether - see sheep 
W.H. Capacity of soils 
wheat, see entire chapter I 

, disease control 
, establishment 
, feed and biscuit wheat 
, feeding value 

, growth regulators 
, harvest I storage 
, irrigation 
, milling wheat crops 
, monitoring the crop 
, nutrient 
, pest control 
, sodium deficient 

, nitrogen fixation 
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I-46 
K-25 
N-66 

I-32 
D-37 to D-40 

D-39 
D-37 
D-37 

A-168 
D-38 
D-40 
D-40 
D-40 
D-38 
D-40 
F-45 
D-39 

A-170 
D-37 
D-39 
I-42 

E-58 
9, C-22 

C-21 



white clover (continued): 
, nutrient deficiency symptoms ................................................................................... F-47 
, nutrient standards ...................................................................................................... F-44 
, persistence 
, seasonal production 
, weed control ..................................................................................................... E-9, E-13 

white clover seed production, see entire chapter I section ...................................... D-48 to D-51 
, disease control ......................................................................................................... D-50 
, establishment ........................................................................................................... D-48 
, fertiliser .................................................................................................................... D-49 
, grazing and closing .................................................................................................. D-50 
, irrigation .................................................................................................................. D-50 
, lime .......................................................................................................................... D-49 
, pest control .............................................................................................................. D-50 
, second year crops ..................................................................................................... D-51 
, seed certification regulations ................................................................................... D-48 
, weed control ................................................................................................... D-49, E-35 

white-muscle disease ................................................................................................. B-65, N-66 
whole-crop (cereal) silage ....................................................................................... D-19 to D-23 
whole farm budget, definition of ......................................................................................... N-66 
whole farm planning, definition of ...................................................................................... N-66 
wigging, meaning of ............................................................................................................ N-66 
Wild Animals Act, goats .................................................................................................... A -13 9 
wild flooding irrigation .......................................................................................................... I-34 
wildlife, spreading disease 
wild flooding, description of. ............................................................................................... N-66 
willow ........................................................................................................................ H-17, H-41 
wilting point, definition of ................................................................................................... N-67 
wind, around anticyclones and depressions ......................................................................... K -11 

, erosion from .............................................................................................................. F-58 
, reduction- shelterbelts ............................................................................................ H-40 

wind erosion, description of. ................................................................................................ N-67 
wind-farms ........................................................................................................................... K-22 
wind-mills, life of. .................................................................................................................. I-46 
windrowing, description of .................................................................................................. N-67 
winged subsoiler, description of .......................................................................................... N-67 
wither, description of ........................................................................................................... N-67 
wire, see also fences ................................................................................................................ I-3 

, barbed .......................................................................................................................... I-7 
, breaking load ............................................................................................................... I-4 
, corrosion ...................................................................................................................... I-5 
, crimping ...................................................................................................................... I-6 
, galvanised .................................................................................................................... I-4 
, high tensile ................................................................................................................... I-3 
, knots ............................................................................................................................ I-6 
, mild steel ..................................................................................................................... I-4 
, netting .......................................................................................................................... I-7 
, plastic ................................................................................................ : .......................... I-7 
, spacing ...................................................................................................................... I-20 
, straining tension and measurement. ...... : ...................................................................... I-5 
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wireworm pest control 
WOM (abbr.), meaning of 
wood, cord 

, cubic metre per acre to cubic metre per hectare 
woodland - see farm forestry 
woodlot - see farm forestry 
woody tongue, of cattle 
wool, see entire chapter I section 

, annual cycle of growth 
, auction 
, Board 
, carpet 
, characteristics 

- breed effects 
-bulk 
- clean yield 
-colour 
- fibre diameter 
-length 

- medullation 

E-65 
N-67 

A-36 to A-63 
A-43 
A-57 
M-9 

A-39 
A-36 
A-41 
A-39 
A-44 
A-36 
A-36 
A-40 
A-39 
A-39 
A-40 
A-37 

, classing lines ............................................................................................................ A-36 
, clean weight ............................................................................................................. A-41 
, discolouration table ................................................................................................. A-38 
, fleece weight ............................................................................................................ A-45 
, genetics .................................................................................................................... A-45 
, greasy weight ........................................................................................................... A-41 
, growth- feeding response ........................................................................................ A-44 

-lactation effects ............................................................................................. A-43 
-pregnancy effects .......................................................................................... A-43 
- seasonal variation .......................................................................................... A-43 

, handling - see preparation 
, hunger fineness ........................................................................................................ A-45 
, iodine deficiency 
, medullation .............................................................................................................. A-39 
, New Zealand Wool Board ....................................................................................... A-61 
, organisations- Wool Board, contact details ............................................................. M-9 

-Wool Interests, National Council ofNew Zealand, contact details ................ M-6 
-Wool Measurement Service .......................................................................... A-60 
-Wool Research Organisation ofNew Zealand Inc. (WRONZ), contact 

details 
, preparation - bales 

- budgeting types and weights 
- classing lines 
-Code of 
- crutchings 
-grading 
-lambs 
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A-58 
A-59 
A-57 
A-55 
A-59 
A-56 
A-57 



wool (continued): 
, preparation 

- leading ~uc;uuauu .. 
-packaging 
- parts of the fleece 
- Q stencil 
- second shear 

-handler 

, production, see entire chapter I section 
, response to feeding 
, quality assurance - contamination prevention 

- dip residues 
- Fernmark 
- IS09600 
-Meat and Wool Innovation 
- qualifications for 
- Quality Accredited Grower Programme 
- sheep preparation 
-winter 
- wool preparation 

, sampling 
, seasonal colour effects 
, selling 
, shearing - see shearing sheep 
, sheep 
, testing - core sample 

- fleece testing 
- grab sample 
-sale 

, training - handling 
-shearing 

, types - breeds 

A-55 
A-58 
A-59 
A-55 
A-57 
A-56 
A-55 
A-63 

A-36 to A-63 
A-44 
A-62 
A-63 
A-62 
A-62 
A-62 
A-63 
A-62 
A-63 
A-63 
A-63 
A-62 
A-62 
A-59 
A-38 
A-61 
A-63 

A-37 to A-43 
A-60 
A-60 
A-60 
A-60 
A-63 
A-63 
A-42 
A-42 

, vegetable matter ....................................................................................................... A-41 
, weights for budgeting purposes ............................................................................... A-59 

wool blind, meaning of ........................................................................................................ N-67 
wool grease, description of .................................................................................................. N-67 
wool puller, meaning of ....................................................................................................... N-67 
wool rot, definition of .......................................................................................................... N-67 
wool scour, description of.. .................................................................................................. N-67 
woollen yarn, description of ................................................................................................ N-67 
woolshed, design of ................ , .............................................................................................. I-50 
work rates, cultivation equipment.. ........................................................................................ I-55 

, mowing I baling and harvesting equipment... ............................................................ I-55 
, spraying and fertiliser spreading equipment... ........................................................... I-55 

working capital, definition of. .............................................................................................. N-67 
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working lives, water supply equipment 
workplace, legislation 
WP, meaning of 
WRONZ, meaning 
WSP, meaning 
W IV, meaning 
W/W, meaning 

yard, cattle 
, covered 
, deer 

, sheep 
yard (measurement), to 

, to poles I perches I rods 
yarn, definition 
yersinosis, of deer 

,of goats 
yield, definition 
ylg (abbr.), meaning 
yolk, definition 
Yorkshire fog, identification 

, varieties I 
Young Farmers Clubs, contact details 

zearalenone, mycotoxin 
, mycotoxin testing 

zero endophyte grasses 

X,Y 

z 

I-46 
L-12 
N-67 
N-67 
N-67 
N-66 
N-66 

I-48 
I-48 
I-50 

A-139 
. I-48 

1-4,1-8, J-14 
J-I0 

N-67 
B-38 

N-67 
N-68 
N-68 

0-22 

zinc, facial eczema prevention .............................................................................................. B-49 
Zn (chern. sym.), meaning of ............................................................................................... N-68 
zygote, definition of.. ........................................................................................................... N-68 
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