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SECTION 16 

GRAPES AND OTHER 
HORTICULTURAL CROPS 
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16. GRAPES AND OTHER HORTICULTURAL CROPS 

16.1 GRAPE PRODUCTION 

At December 1979 the estimated net area of the vineyards 
throughout New Zealand was 4177 hectares. The main areas are 
il.uckland, Waikato, Poverty Bay, Hawkes Bay and Marlborough. 

Grape-wi ne producti on in 1979 amounted to over 42.3 mi 11 ; on 
1 itres of which 288,000 1 itres was exported. 

The area of table grapes under glass in 1979 was around 
50,000 square metres with an estimated production of 200 
tonnes. Exports of tabl e grapes, mainly to Japan, amounted 
to about 8 tonnes. 

New Zealand Official Yearbook 1981 
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16.1.1 Grape Husbandry 

Botanical, Anatomical, 
Physiological Aspects 

Common Name: Grape. 
Botanical Name: Vitis 
vinifera - Re European 
grape. 
Botanical Name of 
Related, Useful Speci~s: 

Vitis labrusca; 
Vitis aestivalis; 
Vitis rulpina; 
Vitis rupestris; 
MU5cadinia rotundifolia 
American species which 
are sometimes hybri di sed 
with Vitis vinifera. 
Type of Plant & Size: 
vine up to 20 metres in 
length or height, if 
supported. 
Sexuality: mainly 
hermaphrodite. 
Pollination: insects 
not needed, warm dry 
conditions pl"eferred. 
Flower buds: mixed 
buds produced laterally 
on last summer's shoots. 
Buds opening to produce 
one or two shoots each 
with one or two bunches. 
Growth of Fruit: double 
sigmoid growth curve. 
Veraison (colour change) 
occurs at beginning of 
stage Ill. 
Time of Bud Burst: 
same as appl e. Late 
September in north. 
Early-mid October in 
south. 
Time of Flowering: 
7-9 weeks later. 
Time of Maturity: 
5-7 months after bud 
burst. Often late in 
season. 
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Climatic 
Soils 8, 

Temperature Needs: 'w~n,l 
tempe('atu r'e ~ 900 OJ~ 
hea~ units (base 
Frost Tol 
dormant; 
burst; -0. 
fruit. 
Drought To'l era.nee: good, 
especially if deep soils 
avanable. 
Water Tolerance: ~ow in 
summer, moderate in 
wi nter. 
Humidity Tolerance: 1m/-
heavy spraying needed in 
wet climates. 
Wind Tolerance: moderate 
if on trell i s. 
Edaphic features: slopes 
facing equator often 
used in cooler districts 
to promote heat accumu-
lation and reduce frosts. 
Otherwi se fl ats preferred. 
Soil Needs: tol erant of 
many soi 1 types prov; ded 
deep and well drained. 
Nutl"i ents: heavy man-
uring, especially with 
nitrogen, causes problems 
especially in humid 
districts. Can tolerate 
low fertility but yields 
are then low. 



Cultural Aspects 

Types of Propagation: where 
Phyll oxera or nematodes are 
not a problem use cuttings -
normally hardwood or soft-
wood for rapid propagation. 
Otherwise bench or field 
graft onto resistant root-
stocks. 
Rootstocks: 5BB and S04, 
are now preferred, 1202 can 
still be valuable on heavy 
wall soiis. 
Spacing: rows are normally 
between 2.7 and 3 m apart 
while within rows plants are 
spaced from 1 to 2 m, 
depending on vigour. 
Training & Pruning: normally 
grown on verti Cd 1 tre 1"1 is. 
Use cane pruning for most 
wine cultivars. Spur pruning 
used in glasshouses and home 
gardens. Many variations on 
these main systems are used. 
Tillage: normally clean 
culti vated. Chem'j cal s some-
times used between plants in 
rows. 
Time to 1st harvest: 2nd or 
3rd season after planting. 
Time to Full Producti on: 3-4 
seasons after planting. 
Expected Yields: very depen-
dent on cultivar and district. 
Averages 2 yr = 2 t/ha; 3-4 
yr = 4-8 t/ha. 
Normal Production life: 
40-60 years. 
Method of Harvest: hand 
picking, mechanical harvest 
common for wine and JUlce. 
Pathogens: pest problems 
serious if nematodes or 
phylloxera present, otherwise 
minor. Disease serious in 
humid climates - main ones: 
powdery mildew (dry cl imate); 
downy milew (wet climate); 
botryti s and rots (wet 
climate); virus. Birds 
serious in small plantations. 
Storage: bunches can be cool 
storbd for 3-6 months at -1 
to 0 C. Fumigation with 
sulphur dioxide sometimes 
used. 
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16.2 HOPS 

16.3 

All New Zealands requirements are produced in the Waimea 
Countj. Production per hectare usually ranges from 1400 to 
1800 kg. The tota1 crop in the 1980 season was 281,147 kg. 
About 99 percent of the crop is picked by machine. Hop 
gardens covered 155.96 hectares in 1980 the same as in the 
previous season but a number of new gardens have been 
planted. The average yield in 1980 was 1803 kg per hectare. 

A total of 134,771 kg hops was exported, 71 ,498 kg to West 
Germany and 63,273 to the U.S.A. The balance was used within 
He.v Zealand. 

A Hop 11arketing COl11T1ittee of 6 members (one Government and 5 
producers) was estab 1 i shed by the Hop Marketing Regul ati ons 
(1939) to regulate and control the marketing, either locally 
or overseas, of all hops produced in New Zealand and to 
assist the industry generally 

TOBACCO 

Grown mainly in the Motueka di stri ct. The following 
particulars relate to total commercial tobacco production. 

Season Number of Area Production Estimated 
growers Pl anted kg(OOO) Value $(000) 

1973/74 340 1751 3238 7200 
1974/75 306 1764 3007 7485 
1975/76 308 1775 3349 9372 
1976/77 315 1847 2719 9044 
1977 /78 309 1895 3559 12314 
1978/79 315 1718 3282 12598 
1979/80 269 1513 3250 13604 

New Zealand Official Yearbook 1981 

Most of the tobacco produced is fl ue-cured (98% in 1978/79) 
producing a yellow-leaf tobacco, used mainly for the manu-
facture of cigarettes. The balance, burley, ;s used in 
smoking mixtures and pipe tobacco. Approximately half the 
tobacco used by New Zealand manufactuY'ers in the producti on 
of cigarettes and cut tobacco is New Zealand grown. In the 
1979/80 period 3483 tonnes of raw tobacco leaf was imported. 
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17. FARM FORESTRY 

Revised by A. Allen (NZFS) November 1982 

17.1 PLANNING 

Poi nts to consi der in pl anni ng to establ ish a woodlot, and 
governing choice of species: 

(;) Extent and location of area. 
(i i) Purpose of planting, e.g. timber, fencing material, 

erosion control, shelter, firewood. 
(ii i) 

(i v) 
(v) 
(vi) 
(vi i) 

(vi i i) 

Site factors, e.g. present vegetation cover, climate, 
soil, altitude, topography. 
Access for extraction of forest produce. 
Market demand. 
Source of tree stocks. 
Whether or not adequate silvicultural treatment can be 
given once stand is established. 
Restrictions on forestry under district schemes. 

17.2 SITE FACTORS 

17.2.1 Climate 

Temperature and rainfall are the main constraints. Pinus 
radiata will grow throughout New Zeal and, but is damaged 
by heavy snowfalls. Pinus muricata is a similar species 
more resistant to snow. Douglas fir, Eucalyptus deleg-
atensis and Eucalyptus regnans require 750 mm rainfall for 
good growth. Douglas fir and Eucalyptus regnans are sus-
cepti bl e to out-of-season frosts so they are better grown 
on hill country in colder areas. For inland South Island 
areas with a severe cl imate, Dougl as fi r, Larch, Pi nus 
nigra, Pinus muricata (blue strain), Pinus ponderosa, 
Eucalyptus delegatensis. Eucalyptus saligna and 
Eucalyptus botryoides require a warm climate. Most 
species are harmed by salt-laden winds, but Pinus radiata, 
Cupressus macrocarpa, .and Eucalyptus botryoides are 
tolerant. 

17.2.2 Altitude and Aspect 

Radiata pine will grow well up to 900 m in the central 
North Isl and, to 600 m in Canterbury and 500 m in 
Southland. Pinus muricata, Douglas fir, Pinus nigra will, 
neverthel ess, often do better on a col d souther'ly aspect 
at lower altitudes than these. Dougl as fi r prefers a 
southerly aspect, and shel ter from drying north-west wind 
in the South Island. 
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17.2.3 Soils 

Physi Cil 1 conditi on is more important than nutri ent 
content. Poor drainage is the most important 1 imiting 
factor. A hard pan may impair growth. Poplars will grow 
in a wet soil, but require fertility and not too acid. 
Pines, cypresses and cedars will tolerate dry soils. 
Eucalypts are more sensitive to variations 'in fertil tty 
than pines. Fertil isers are not generally needed for 
sat; sfactory tree growth, but may be requ; red on some 
infertile soils particularly in Northland and Westland. 

17.2.4 Vegetative Cover 

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 
Dougl as fi I' on a gorse-i nfested site. Hormone sprays can 
be applied at a light rate over radiata pine for releasing 
from gorse and broom, but not over Eucalypts. Control of 
gorse before planting is desirable, as a gorse-infested 
stand can be an expensive and unattractive proposition for 
tending. 
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17.2.5 Site Index 

This is defined as the dominant height of radiata pine at 
age 20. It gives a measure of the rel ative productivity 
of a site for growing trees. 

Area Description Site Index 
m (+ 2 m) 

Hi gh alti tude stands i f1 the more ari d 20 or 1 ess 
parts of Marl borough, South Canterbury, 
and Otago; stands subject to strong 
winds and saltspray along the ocean 
foreshore: stands on nutrient-deficient 
sites without fertilising. 

Canterbury plains and lower foothills; 22 
Marlborough Sounds; some of the better 
sites in inland Otago(?) 

Southland Conservancy (excluding inland 24 
Otago) : Canterbury hi 11 country; 
Kaingaroa plains above 500 m; East Coast 
hill country above 500 m(?); coastal 
sands in the Manawatu and Canterbury. 

Central Marlborough; Nelson and foothills 26 
(fertil i ser appl i ed where appropri ate) ; 
inland Manawatu; Wairarapa; south Auckland 
Conservancy above 370 m. 

Auckland coastal sands (fertiliser applied 28 
where appropriate); north Auckland and 
Coromandel clays (fertiliser applied wnere 
appropriate); coastal sands in Bay of 
Plenty (Matakana). 

South Auckl and sites below 370 m; Hawk~~s 30 
Bay below 500 m; Taranaki, Rotorua-Taupo 
area below 500 m. 

Northern Boundary area of Kaingaroa Forest; 32 
Bay of Plenty coastal plains; Gisborne 
hill country below 500 m. 
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17.3 SPECiES 

Species 

Pi nus radi ata 
Radi ata Pi ne 

Pinus nigra 
Corsican Pine 

Pinus muricata 
(blue strain) 
Bishop Pine 

Dougl as Fi r 

Cupressus 
macrocarpa 

C. lusitan;ca 
Mexi can Cypress 

Site Requirements 

Will tol erate most 
sites except poorly 
drai ned or hi gh 
a1 titude. 

Will tol erate col der 
and wetter sites than 
radiata. 

Similar to radiata, but 
more resistant to snow 
because of stiffer 
branching habit. and 
shows better growth at 
higher a1 titudes. 

Prefers a moist, cool 
site, requires 750 rrnn 
annual rainfa 11, 
evenly distributed, 
for good growth. More 
into 1 erant of wet 
ground than pines. 
Does not stand coastal 
conditions. Is 
damaged by exposu re to 
high winds. Not suit-
able for northern N.I. 
Will stand snow well 
but can be badly damaged 
by out-of-season frosts 
so is better with good 
ai r dra; nage. 

Wi 11 tal erate a wi de 
range of sites but 
requires a reasonably 
fertile, moist (but 
not wet) site for good 
growth. Tal erates 
coastal conditions. 

Warmer sites, away 
from the sea. 
Madera te 1y f ertil e and 
well dr'ained. 

Natural 
Durabil ity 

Wood Characteristics Uses Genera 1 

Non-durabl e Easily treated. Moderate Posts, poles. Building The primary general pu"r-
strength and densi ty. timber-fram; ng. boards, pose timber in New 
Sawing, seasoning, machin- laminated beams; ply- Zealand. 
ing, painting and stain- wood, veneers, furniture. 
;n9 properties very good. Pulp and paper. 

Non-durabl e 

Non-durable 

Can be used 
unt r~~ated ; n 
most low-hazard 
sitlHl.tions ; .e. 
protected from 
the weather. 

Similar to radiata. 
Suitable for round pro-
duce because of fi ne 
branches an.:! regular 
form. 

Similar to radiata. 

Di ffi cul t to treat. 
Cannot be treated by 
ordinary pressure treat-
ment. Strong. Does not 
mach; ne or take paint 
well. 

Heart moderately Treatment as for Dougl as 
durable. fir. Good strength, 

density. Good sawing, 
season; ng, mach; ni ng and 
pai nt; ng properti es, 
stable. High proportion 
of heart. 

Similar to Similar to macrocarpa. 
macrncarpa. 

Mainly posts and poles. 
littl e pl anted now 
except where conditions 
caul d be too severe for 
radi ata. 

Similar to radiata. 

Framing and construc-
tion timber, particul-
arly where hi gh 
strength is requi red, 
so long as knots are 
small. 

Framing, flooring, 
weatherboards, joi nery 
turnery. boat-building. 
Furniture. General 
purpose farm timber. 

All-round building 
timber. Joinery and 
turnery. 

Much slower growth than 
radiata. More susceptible 
to pine needle bl ight. 

An alternative to rad;ata 
in heavy snow areas. 

A valuable timber because 
of high strength and the 
fact that it can be used 
untreated for many pur-
poses, i.e. because most 
of the wood ; s heartwood 
and thi sis immune to 
attack by common house 
borer. 

A valuable general purpose 
timber. Very variable in 
form so requi res careful 
selection of seed source. 

Similar to macrocarpa, for 
warm c1 imates. 



Species Site Requirements Natural Wood Characteri sti cs Uses GE:neral 
Durabil ity 

Eucalyptus 
species: 
A. Ash Group Cool cl imate, 1000 mm Non-du rabl e. Lighl.-, strong, pale Veneers, decorative 
E. delegatensis rainfall" Will grow Diffi cult to coloured. Prone to pannelling, furniture, W~lere cl imate too severe 
Al pine Ash in warmer. drier treat warping, and to call apse turnery, j oi nery. for E. regr'ans. 

c1 imates but prone to when drying. Growth Short-fi bred pul p. 
later failure. One of stresses are parti eul arly 
the hardiest eucalypts. severe in logs less than 

40 em in diameter. Diffi-
E. fast; gata Reasonably moist sites, Non-durable. tul ties can be overcome Has a rough branching 
Brown Barrel 1 ess hardy than E. Difficult to by quarter-saw; ng of 1 arge habit. 

delegatensis. treat. , ogs. and by stea11l 
reconditioning. 

E. regnans Cool, moist climate Non-dulĿable. E. delegatensis also prone The iTrost desirable i1shĿĿ 
Mountai nAsh with good cold ai r Difficult to to internal cracks which type eucalypts. 

drai nage. 750 mm treat. 1 imit its use. 
rainfall. 

B. Gum group Warmer N.1. and north- ~loderate Tough, strong, hard- The best eucalypt for 
E. saligna ern S.L districts. durabi 1 i ty. wearinq. Reddish-brown. farm use Wdl"mer c1 irr:ates. 
- Sydney 750 mm rainfall. Sawing-and seasoning fEncing. 
Bl ue Gum difficulties as for ash fu rn i tu I-e. 

...... group Å 

-..J E. botryoi des Similar to E. sal igna. Durabl E' As for E. sa 1; gna. As for L sal igna. Gl"OWt!1 and form irrferior I ..... - southern Wi 11 tol erate wetter to L saligna. 
mahogany soils and coastal 

conditions. 

Factors affecting choice of species: 

(i) Site factors; 
(; i) Land preparati on needs; 
(ii;) Availability of tree stocks and relative costs; 
(i v) Management requi rements; 
(v) Market demand or other end-use; 
(vi) Rotati on 1 engths; 
(vii) Aesthetic value. 



17.3.1 Rotation Length 

Pinus radiata 
Pinus muricata 
Pinus nigra 
Dougl as fi r 
Macrocarpa 
Eucalyptus 

17.4 LAND PREPARATION 

25-35 years 
25-35 years 
40-50 years 
about 50 years 
about 50 years 
about 40 years 

Inadequate site preparation can lead to poor stocking, need 
for blanking (replacement planting), costly release clearing, 
unthrifty trees, and reduced management opt; ons. 

17,4.1 Techniques of Land Preparation 

(i) Pasture: graze close prior to planting. Grass 
control is desirable, especially in fertile impr-
oved pastures where grass can compete strongly with 
tree for moisture. Spot or line spraying is a pop-
ui ar and effecti ve techni que. Some sprays can be 
applied over pines after planting. 

(i i) Gorse and Broom: gorse sites are among the most 
expensive and difficult to prepare. Burning follo-
wed by planting is often unsuccessful as gorse 
regrowth beats trees, and access for tending is 
di ffi cul t. I t is preferabl e to control gorse 
before planting. A combination of burning, bull-
dozing, cultivation, heavy stocking and/or one or 
more spray applicatons may be required. Prepar-
ati on may take up to two years. 

(iii) Scrub: foY' small scrub, crush and burn or bull-
dozing or cutting lines is suitable. For taller 
scrub, bulldoze clear, crush or fell and burn. 

(iv) Compacted stony or clay soils: ripped lines allow 
easier planting and better establishment. 

(v) Frosty areas: 
1 essens the 
frosts. 

bare ground (sprayed or cultivated) 
effect of heavy or out-of-season 

(vi) Cutover sites: windrow and/or burn is preferabl e 
although it is possible to plant directly into 
cutovers. 
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17.5 PLANTING 

17.5.1 Tree Stocks 

The ideal seedling is short and fat - about 200 mm shoot 
length and 100-120 mm root. Best ages are: 

Pinus radiata 
Other conifers 
Eucalyptus 

- 1.5 year old or well grown 1 year old 
- 2 year old 
- 1 year old, potted st0ck is preferable. 

17.5.2 Care of Tree Stocks 

Most trees are now dispatched in plastic bags - these 
shoul d be stored one 1 ayer deep ina cool shady spot" with 
roots downwards so that condensation runÃ down. Bags 
should not be left in the sun to heat up. 

If seedl ings are not in bags they should be heeled in, in 
overlapping rows until required for planting. 

17.5.3 Planting Technique 

A grubber with bl ade about 180 x 100 mm is the easiest 
tool to use in compacted or stony ground. A spade is 
preferable because of the larger hole it makes, a'llowing 
better spread of roots, and should be used wherever 
possi bl e. Roots shoul d be well spread and di rected 
downwards. Tree should be upright and deeper into the 
ground than it was in the nursery. So; 1 shoul d be 
compacted around the tree so that no air pockets are left. 
Cutti ng away a patch of turf to provi de a bare pl anti ng 
spot ('screefing') is recommended in grass, unless spot 
spraying is to be done. 

It is desirable to ensure correct spacing of planting 
lines by setting out two rows of poles with two poles on, 
say, every fifth line. Other poles can be sighted in from 
these two base lines. 

17.5.4 Spacing 

Will depend on: species, competing vegetation, degree of 
'land preparation, prospects for sale of thinnings, possi-
bil ity of grazing within the stand, etc. Generally close 
spaCing is preferable. 

Spacing is normally varied by varying the spacing between 
rows, with spacing in the line kept at 2 m (2 paces). 
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Common spacings are: 

Radiata pine: 2.5 x 2 up to 5 x 2 m, most commonly 3 x 2 
m (1667 stems/hal; 
Other pines: 2 x 2 up to 3 x 2; 
Douglas fir: 2.5 x 2 or 3 x 2 m; 
Eucalyptus: 2.5 x 2.5 m for even crown development; 
Cypressess: 2 x 2 up to 3 x 2 m. 

Close spacing results in earl ier canopy closure, suppres-
sion of weeds or grass, smaller branches, restriction of 
diameter growth (unless thinning is done early), better 
form and more choice for selection of crop trees and 
higher planting cost. 

Wi de spacing results in 1 ater canopy closure and suppres-
sion of weeds or grass, larger branches (hence more 
expensive pruning), less restriction of diameter gro"lth, 
rougher form, less choice for selection of final crop 
trees, more scope for grazing within stand and lower 
pl anting cost. 

17.5.5 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 ;s 
not required. If over 15% or concentrated in patches 
bl ank i ng is necessary. Trees pl anted 1 ater to fi 11 in 
gaps rarely form part of the final crop. 

17.5.6 Fertiliser 

Fertil iser appl ication is not normally required for 
conifers, and can be disadvantageous by boosting top 
growth of pines and making young trees prone to toppling. 
May be necessary on phosphate-deficient or low-fertil ity 
soils in some districts. Can give a worthwhile boost to 
growth if applied after thinning. 

Eycalypts will benefit from application of nitrogenous 
fertiliser (urea, blood and bone, diammonium phosphate) in 
spade sl it 15-20 cm from tree (not uphill), at time of 
planting. DAP is most suitable for Canterbury soils. 
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17.6 RELEASING 

It may be necessary to cut back competi n9 grass, weeds or 
scrub hardwoods from young trees. Bracken, gorse and broom 
are among the most troublesome weeds. 

COrmion methods: 

Physi cal - hand (curved sl asher etc.) 
- mechanical (rotary s1 asher inter-rol'il 

Chemical - spot or strip ground sprdying for grass 
- blanket aedal or ground spraying for 
grass or weeds. 

Pines and Douglas fir are tolerant to a number of grass 
sprays, and also to 245 T at 1 i ght rates, if appl i ed when 
trees are not in flush of growth. 

For sensitive species such as euca'-ypts, or when in doubt, 
trees can be shielded with a cone or tube for spraying. 

Releasing is a poor substitute for good land preparation. 

17.7 TENDING REGIMES 

17.7.1 Boards and Veneers 

Pruning is necessary to produce clear (knot-free) timber. 
Logs capable of producing clear timber, particularly 
decorative veneers, are ljkely to corrrnand a premium and 
the objective of the pf'ivate grower should be to grow this 
type of wood where possi b1 e. ~1anagement shoul d be to 
prune as early as possible to keep knotty core to a mini-
mum and early thinning to take best advantage of pruning 
by rapid diameter growth. 

17.7.2 Framing Timber 

S'trength and stiffness are essenti a 1. Dougl as fi r is the 
ideal timber, but radiata pine is satisfactory for most 
purposes. Knots are acceptabl e prov; ded they are kept 
small. Management should be to keep trees closely spaced 
in early stages, to sllppress branch growth, unless pr'uning 
is to be carried out. This will mean 1 ater thinning than 
in board regime with consequent longer time to reach 
utilisable size. A high and even initial stocking will 
also be necessary. 

Shoul d on ly be consi dered as a management object; ve when 
tendi ng for cl ear wood is precl uded by diffi culty of 
access, shortage of finance etc. 
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17.7.3 Roundwood (posts and poles) 

Can be profitable outlet for thinnings or for clearfelling 
of small trees. Demand fluctuates. Thinning for produc-
tion of roundwood is not usually worthwhile unless access 
is easy and there is a market available, It is generally 
better to thin to waste than to delay thinning and rest-
rict growth of final crop trees in the hope of profit from 
sale of thinnings. 

17.7.4 Pulpwood 

As a primary management objective, pulp or chipwood is 
unl ikely ever to be profitable to the small grower. It 
can a be useful outlet for thinnings or otherwise unsale-
able wood from clearfelling, providing the cost of cutting 
and extraction ;s less than that of thinning to waste. 

17.7.5 Wide Spaced Planting and Grazing 

An opportunity for combined land use. Initial spacing 4 x 
2 m, 5 x 2 m or wider. On time pruning will be essential 
if timber above box-grade is to be obtai ned. Thi nni ng 
will be done earlier than usual to maintain a grass sward 
as long as possible. There is some doubt that satis-
factory final crop stocking can be obtained with a very 
wi de i niti a 1 spacing (1 ess than about 1000-1200 trees/ha 
pl anted). 

17.7.6 Sample Management Plans 

Radiata Pine 

1. Good site. Final crop only (grazing possible). 
Pianting at 4.0 m x 2.0 m (1250 stems/hal. 

Height of Approx. age Prune Thin to approx. 
Dominants (years) (m) ( stems/hal 

(m) 

5 - 6 5 - 7 0-2 600 (best 2 in 4) 
7 - 8 7 - 9 2 - 4 300 (best 2 in 4) 
10 - 11 9 - 12 4 - 6 200 (best 2 in 3) 

Clear fell when the trees reach an average diameter 
at breast height over bark (d.b.h.o.b.) of about 60 
cm. This is a severe regime, and for maximum return 
the remaining 200 trees could be systemically pruned 
to 11 m in two additional lifts. 
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2. Good site. Intermediate yields. 
Planting at 3.0 x x 2.0 m (1700 stems/hal 

Height of 
Dominants 

1m) 

Approx. age 
(years) 

Prune Thin to approx. 
(m) (stems/hal 

5 - 6 5 - 7 o - 2 Remove all stems that 
obviously will not 
yield a post - not 
less than 1000. 

7 - 8 7 - 9 2 - 4 400 when average butt 
log will yield a 15 
cm post (best 2 in 
5). 

10 - 11 9 - 12 4 - 6 200 when average 
d.b.h.o.b. of trees 
to be thinned is 
33-35 cm (best 2 in 
3). Will yield posts 
and small sawlogs. 

Clear fell when final crop trees reach about 60 cm 
diameter at breast height outside bark. 

3. Difficult site. Framing regime. 

17.8 PRUNING 

Planting at 2.5 m x 2 m (2000 stems/hal 

Height of 
Dominants 

(m) 

15 - 18 

Approx. age 
(years) 

12 - 15 

Thi n to approx. 
(stems/ha) 

400 (best 1 in 5) 

In such situations, clear fell when required after 
the average stand diameter at breast height outside 
bark reaches 46 cm. 

The objective of pruning is to produce clear wood, generally 
on the first six metres of the stem, although it may be worth 
pruning up to 12 metres on best sites. 

17.8.1 Selection 

Pruni ng shaul d be restri cted to those trees that wi 11 form 
the final crop leaving a fairly wide margin to allow 
changes in form and dominance, losses through windthrow 
etc. 
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(A) Points to look for when selecting trees for tending 
are: 

- relative dominance and vigour 
- condition of leader 
- straightness of main stem 
- erectness 
- spacing in Y'<21ation to ot\ler selectee' crop trees 
- br<tnch si.ze. 

The trees to select for pruning are dominant and co-domin-
ant, 

(B) Determining Dominance Class: 

o SD D c c S D S c 
Relative dominance: D - dominant; C - co-dominant; 

SD - sub-dominant; S - suppressed 

Dominant - tallest trees 
- above average crown size and diameter 

Co-Dominant - average height but not as tall as dominants 
- crowns shorter and narrower than those of 
dominant 

- diam~ter is average 

Sub-Dominant - markedly shorter than co-dominants 
- crowns short and narrow and below general 
canopy 1 evel 

- diameter is below average 

Suppressed - smallest in stand 
- crowns almost overwhelmed by crowns of trees 
about them 

- diameter ;s well below average. 
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Ie) Condition of Leader: 

b 

By noti ng the cond Hi on of the 1 eader, 'i.e. top t,/o 
metres of the tree, it is possi bl e to assess the 
growth potential of the tree. 

c d e f 

Leader ferms 

(a) Single, straight, l1ve, healthy leader - highly 
desi raD'j e; 

(b) Forked leader in which one fork ;s more vigorous and 
dominant - acceptable; 

Ic) Single leader developed after death - acceptable; 
(d) Equally vigorous forked leader - not acceptable; 
(e) Multi-forked leader - not acceptable; 
(f) Dead leader - not acceptable. 

(D) Straightness of Main Stem: 
It is desirable to have a straight ma.in stem or trunk 
although a sl ight degree of curv'ing or kinking is 
acceptable providing the tree is in otherwise good 
condition. As a general guide, if an imag'inary line 
drawn down the first six metres keeps within the 
stem, the tY'ee is acceptabl e. 

(E) Erectness: 
Upri ght trees are preferable to those with a 1 ean. 
Acceptable degree of lean is no more than 12 cm out 
from the vertical at a point 1.4 m from the ground. 

(F) Spacing: 
The number of trees tended in the first pruning is 
approximately 600 per hectare (range 400-1000). The 
average spacing for thi s number of trees is 4 m, the 
selected trees being not closer than 2 m nor further 
apart than 6 m. For the second and thi rd stage 
prun-ings, the spacing should be: avel'age 6 m, not 
closer t.han 2 m or fu rther apart than 10 m to gi ve 
200-300 stems per hectare. 
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Stage 

(G) Branch Size: 
Small branches growing as right angles to the main 
stem are ideal branching habit. The greater the 
number of branches. the smaller the diameter of 
i ndi vi dua 1 s. The stubs of sma 11 branches wi 11 heal 
over more quickly than those of larger ones. 

17.8.2 Timing 

Pruning can be done at any time but is usually done 
outside the winter months when pl anting is carried out. 
It is generally confined to Radiata pine where the fast 
growth makes the operation economic. 

Pruning is generally carried out in three stages: 

0-2 m (low pruning) 
2-4 m (medium pruning) 
4-6 m (high pruning) 

To obtain the full benefit of pruning. the knotty core. as 
measured by diameter over pruned stubs (DOS) should be 
kept as small as possible. DOS of about 16 cm is ideal. 
and should not exceed 20 cm otherwise the worth of pruning 
will probably be in doubt. However. the most fertile 
sites which will give the most value for pruning will also 
tend to result in largest DOS measurements. Size of DOS 
becomes critical at second and third pruning lifts. 

An example of a Pruning Schedule (Radiata Pine): 

Pruned No. of Trees Height Approx. aye 
Height pruned (per- of Dom- (years 
(m) missible inants 

range (in (m) 
brackets) 

Low pruning 
Medium pruning 
High pruning 

0-2 
2-4 
4-6 

600 (550-650) 
300 (250-350) 
200 (170-300) 

5-6 4-7 
7-9 6-10 
10-12 8-12 

17.8.3 Technique 

(a) Method: 
Branches should be cut off as close as possible to 
the stem but without damaging the stem. in order to 
encourage quick healing and the least possible grain 
di storti on and knot formati on. Branches shoul d be 
pruned while still alive. 

As a general rule do not remove more than half the 
green crown. al though it is preferable to exceed 
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thi s amount than to 1 eave a whorl whi ch wi 11 pj'oduce 
an excess i ve 1y 1 arge knotty COI'e by the time of the 
next pruning lift. 

In the later stages of pruning (i .e. 2nd and 3rd) 
remove new growth that ha, formed on the stem, 
(epicormic shoots) as these are likely to remain and 
cause knots. 

(b) Tool s; 
For low pruning long-handled secateurs are general 
used as they are more efficient than saws. 

For medium and high pruning either curved pole-moun-
ted saws (used from ground level) or ladders and 
jacksaws are most commonly used. 

A: Swedish curved blade and handle. Mounted on metal or 
wood handle 1-4 m long. 

B: Swedi sh j acksaw. Very 1 i ght frame. Repl J.ceabl e 
bl ade. 

c: Jacksaw - manufactured in N.Z. ~11uch heavier frame. 
Has superceded B. 

D: Pistol 9rip saw - limited to small branch size, very 
light, no hand protection. 

E: Shear type pruners. Point cut, suited to small 
branches. 
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F: Shear type pruners. Lever acti on, abl e to cope wi th 
larger branches up to 65 mm in diameter, two sizes. 

G: Ladder. For medium and high pruning. 4 m aluminium 
ladder for higrl pruning.. 2.2 m wooden or aluminium 
1 adder for mÃd-ium pruning. 

17.9 THINNING 

In the early stages of a woodlot, stocking win be fairly 
dense. Th; s suppressEs weeds, restri cts branch development 
and helps to protect and control the foĿ,'m of tile main stem. 
Later Ŀit becomes necessary to thin in order to permit crown 
development and encourage diameter growth. 

17.9.1 

(i) 

( iil 
(i i i) 
(iv) 

(v) 
(vi) 

Technique - General 

Aim to leave large, well-formed trees and remove 
small 01' badly formed trees. 
Form is more important than spacing. 
All hang-ups should be put on the ground. 
Stumps should be kept low and felled trees comple-
tely severed from the stump. 
An green branches shoul d be cut off the stump. 
Damage to crop trees shou 1 d be avoi ded. 

17.9.2 Felling Method 

The most suitable and widely used tools are power saws, 
although slashers are used for the very young trees. 

Trees to be retained should be marked beforehand unless 
the operator is experienced in selection. Stumps should 
be kept as low as possible and for small trees, a straight 
sloping, or v-cut should be made using a slasher. When 
us; ng a power saw, for trees up to about 2.0 cm oi ameter, 
one cut from the back is suffi ci ent. For 1 arger trees, 
cut hori zonta 11y one-thi rd the depth of the tree on the 
felling direction side, then cut slightly 
above the fi rst cut 1 eve 1 on the opposi te s; de of the tree 
until the two cuts almost meet and the tree falls. 
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For trees over 25 cm Qi ameter a proper scarf shoul d be 
cut. 

Back Cut SCarf 

-~~,~~ -- ~ , 

17 .9.3 Timing 

Determining factors are: 

(i) Objects of management; 
(ii) Species; 
(iii) Initial spacing; 
(i v) Di ffi cul ty of access (undergrowth, terrai n etc.) 

(Production thinning is not usually economic if it 
is too steep to work a machine in the stand). 

(v) Availability of markets for thinnings; 
(vi) Availability of labour; 
(vii) Stabil ity - danger of windthrow following thin-

ning. Unless there is a market for round produce, 
thinning will be to waste so should be done as 
soon as possi bl e to concentrate growth on crop 
trees. 

17.9.4 Production Thinning 

Production thinning is generally only economic where 
slopes are easy enough for a milch; ne to be worked in the 
stand, and then there will need to be sufficient volume of 
timber available to make the extraction worthwhile. To 
achi eve the 1 atter generally enta il s some loss of growth 
of potential crop trees. 

(il Layout: Can be row thinning or selection thin-
ning, or a combination of the two. 

In row thinning, alternate rows (say) are removed. 
Suited to fl at ground and where form is even so 
that most trees are equally good. Favours ease of 
working. 

In selection thinning, trees to remain are selec-
ted on form and remainder felled. Some good trees 
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will usually need to be felled for access tracks. 
Suited to stand where trees vary greatly in 
quality and potential value, especially pruned 
stands. 

On flat country a compromise is often made whereby 
some rows (say every 5th or 7th) are taken out for 
access tracks and remainder thinned by selection. 

On steeper country track i ng is di ctated by topo-
graphy. 

(ii) Extraction Methods: 
Skidder: a small wheeled skidder fitted with a 
winch is the ideal machine for flat or easy 
country. Disadvantage is high cost. 

Wheeled Tractor: if not fitted with a winch can 
be adapted for extract; ng thi nni ngs wi th sci ssor 
tongs or a wi re rope or chai n fi tted to 3-poi nt 
linkage. 

Truck: on fl at country it is often possi bl e to 
drive a truck right into the stand and load 
produce directly, thus eliminating need for an 
extraction machine. 

Crawler Tractor: for country over 120 slope. 
Preferably fitted with a winch. 

Chutes: made of say 3-4 m lengths of 250 x 25 mm 
timber fi xed together to form a V and anchored 
with wooden or steel legs. Alternatively can be 
made of 6 m lengths of alkathene pipe split 
lengthwise and bolted together. Thinning material 
is gravity fed to bottom-of slope. 

Wire Skidding: for slopes over 200 , a light wire 
rope is fixed at the top of the slope and run 
through a pulley to a tractor at the bottom. 
Bundles of material are attached by wire tie to a 
wooden skidding block which slides on rope, with 
rope sl ack. Rope is then rai sed by tractor 
allowing load to slide to collection point. 

Haul er: for steep country. Because of hi gh 
capital cost will generally be limited to forestry 
companies and contractors. 
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17.9.5 Radiata Pine - Selection 

A. Pruned stands - 1st thinning. 
Normally done at 5-6 m height. Normally to waste. 

(i) Leave all, pruned trees, and unpruned trees if 
necessary, to achieve the desired crop stocking of 
400-1000 stems per hectare; 

(ii) Fell all malformed trees; 

(iii) Fell all trees that are within 2.5 m of a pruned 
tree; 

(;v) Fell all trees that are bigger than an adjacent 
pruned tree; 

(v) Spacing should be no more than 6 m between trees. 

B. Pruned stands - 2nd thinning 
Normally done at 9-12 m height. 

(il Leave all hi gh-pruned trees, and medi urn pruned 
trees if necessary, to achi eve the desi red stock-
ing of 200-300 stems per hectare. 

(ii) Fell all trees that are within 2.5 m of a high 
pruned tree. 

(iii) Fell all malformed trees. 

(iv) Fell all trees that are bigger than an adjacent 
high-pruned tree. 

(v) An otherwise unacceptable tree may be left to fill 
in a large gap= 

(vi) Maximum spacing between trees should be 10 m. 

c. Unpruned Stands 

Thinning will usually aim to produce acceptable framing 
timber from final crop. May only be done once and should 
be delayed until lower branches are dead up to 3 or 4 m. 
May be for production or to waste. 

(il Thin to leave large, straight trees with light 
branchinCj at spacing to achieve the des; red 
stocking: 

(ii) Remove small and malformed trees unless required 
to fill a canopy gap. 
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17.9.6 Douglas Fir 

Thinning will normally aim to produce final crop of good 
framing and beam material from unpruned stands. The 
following schedule is suggested: 

lil Thin to about 700 stems per hectare when branches 
are dead up to 5 m. 

Iii) Thi n to about 350 stems per hectare when branches 
a re dead up to 10 m. Th"i s thi nn; ng shoul d produce 
small sawlogs and round produce. 

17.9.7 Eucalypts 

Should be kept closely spaced in first few years, then 
thinned progressively to maintain a crown space equivalent 
to at least 15 times the d.b.h. Eucalypts are much more 
sensitive to crown competition than conifers and therefore 
less tolerant of crowding. 

17.10 PROTECTION 

17.10.1 Fire 

Fi re ri sk is hi gh after thi nni ng, due to sl ash on the 
ground and dryer condition of the stand, and more inten-
si ve protective measures shoul d be taken as thi s stage. 

Fire breaks may be required around plantations depending 
on degree of risk. These should be up to 10 metres wide 
depending on the danger factor. 

17.10.2 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 
rna lformati on of young trees, to the extent that it may not 
be possible to select a final crop of good trees. 

Hares and rabbits can also be problem causing damage by 
nipping off the leading shoots of young trees. 

The owner can control these animal s himself or approach 
the Agricultural Pests Destruction Council through any 
local Authori ty. 
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17.11 DISEASE 

Pine needle bl ight (Dothistroma pini) is fairly common in 
most of ,New Zealand, living on the tissue of the pine needles 
causing them to eventually die and drop off. Symptoms are 
brick-red bands on green needles, with small black spots. 
Spreads up from bottom of crown. Causes a decided decline in 
the tree's vigour and seriously hinders growth. Persists 
from year to yea)' sometimes resul ting in death. Ideal 
conditions wh'ich encout'age the disease are a moist, mild 
cl imate and crowded stand. Is not present in Canterbury or 
Otago. 

Dothistroma can be controlled by aerial spraying with copper-
based spray. The Forest Servi ce shoul d be contacted for 
advice on methods. 

Naemacyclus mil10r causes yellowing of pine needles in spring 
and premature needle cast. The extent to which it reduces 
gro\-/th is not cl ear, but it is not regarded as a serious 
probl em. 

Phaeocryptopus (Swiss needle-cast fungus) affects Douglas Fir 
~ It 1S a widespread needle disease particular'ly appar-
ent in the central North Island. It can be recognised by the 
sooty appearance on the underside of the needles and an 
abnormal needle cast. 

Armillaria is a root rot causing death of foliage in both 
P1nes ana-Douglas Fir although the latter seems slightly less 
susceptible. The tree may eventually die. It is usually 
only a problem in land converted from native bush. 

Poplay' rust has largely precluded planting of poplars for 
timber producti on, although some clones are only moderately 
affected in drier cl imates. It is expected that rust-resis-
tant strains suitable for timber will become available in due 
course. 

17.12 YIELD 

Yield of wood (measured in cubic metres per hectare) depends 
on species, age, site productivity, management. Volume is 
usually measured as Total Stand Volume (TSV) above ground. 
The utilisable volume ~ill normally be made up mainly of wood 
suitable for sawlogs (about 80% of TSV in a mature stand) and 
a small extra amount suitable only for pulp or chip-wood, for 
which there may not be a market. Volume of wood per unit 
area is related to height and also to diameter, which may be 
expressed as Basal Area (the sum of the cross-sectional areas 
of all trees per unit area, measured at breast height). 
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Yield tables for specific site indices and management regimes 
in most districts are available from N.Z. Forest Service. 
The abbrevi ated tabl e gi ven here relates to North Canterbury 
and may be used until complete tables for tended stands in 
that district have been developed and validated. 

Plains 
Forests 

20 years 
25 years 
30 years 
35 years 
40 years 

Foothill 
Forests 

20 years 
25 years 
30 years 

Pinus radiata Yield Tables - North Canterbury 

Total Stand 
stem 
vo!ume 
(m Iha) 

180 
360 
520 
640 
740 

435 
560 
630 

mean 
d.b.h. 
(em) 

33.0 
42.0 
48.5 
55.0 
63.5 

51.6 
54.9 
56.1 

Sawlog Volume Smallwood Volume 

(% of TSV) (m3 /ha) (% of TSV) (m3 /ha) 

45 
76 
81 
82 
83 

74 
78 
79 

81 
274 
421 
525 
614 

322 
437 
498 

40 
14 
9 
8 
7 

16 
13 
11 

72 
50 
47 
51 
52 

70 
73 
69 

17.13 HARVESTING AND SALE 

17.13.1 Methods of Sale 

The two main options open to the owner are: (il Block 
sales or; (in Sales of prepared wood. 

With block sales, the trees are sold as they stand, which 
means that the buyer must harvest and transport them to 
hi s desti nat; on. Assessing the value of the timber ; s 
done in one or two ways: either (al Lump sum sales or; 
(b) Log scaled or weighbridge sales. 

(il Block Sales 

(al Lump sum sale: an agreement is reached between 
the owner and buyer specifying details such as 
the sum, period to fell, and method of payment. 
The value of the timber is calculated by multi-
plying the assessed volume by the unit value. 

When using this method of sale it is important 
to get an accurate assessment of wood volume 
and therefore it woul d be advi sabl e to seek 
professional advice. But it is initially up to 
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the buyer to make sure that the qual ity of the 
timber he is buyi ng is worth the amount he is 
pay; ng. 

In using this method of sale, the owner cuts 
down on expenses such as pay; ng for log measu-
rements and can receive all, or part of, the 
money befol"e logging begins. 

(b scaled or weighbl"idge sale: this 
seems a f a1 rer way of sell i n9, I'Jhere the 
payment is ca 1 cul ated on the ind i vi dua'i meas-
urement of the felled logs. 

If logs are to be scaled scaler 
needs to be p resent at 1 
commonly truck-loads of logs 
weighbridge. This is sat; 
the seller is satisfied that all 
accounted for. Sale can be b,Y 
volume, in which case a weight/volume convers-
ion factor will be required. This varies wi 
district/age/species. Approximate conversion 
factors for Canterbury (green logs) are: 

Pinus radiata 1.00 m3/tonne (range 0.95-1.05) 
Pinus nigra 0.92 
Douglas fir 1.15-1.2 
Larch 1.10 

(ii) Sales of Prepared Wood 

By sorting logs into various qualitites and preparing 
then before they go to the buyer, the owner can ask 
more money over and above the initial stumpage value 
of these trees. 

Sorting the produce into categories such as saw-logs, 
peeler logs, posts, poles and chipwood means the 
owner can sell the produce individually and will 
receive payment for his extra effort, and extra 
profit. 

The un; t-vol ume pri ce is agreed on beforehand and 
payment is based on wood delivered to the point of 
sale. This is advisable only when there is a demand 
for various wood qualities and when time and care is 
taken in ensuring logging is carried out properly, 
and the wood is correctly sorted accord; ng to si ze 
and qual ity. The point of sale can be on road si de 
("on ride"), on truck or at mill door. 
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(iii) Sale by Sawn Output 

This is when the owner is paid for the amount of 
finished product produced, usually sawn timber. In 
this way the owner does not have much control over 
the mill i ng and 1 oggi ng of hi s wood and so waste is 
1 i kely. Thi s method shoul d, therefore, be avoi ded 
unless for some reason other types of sale ate 
impossible. 

17.13.2 Conditions of Sale 

The purpose is to protect your interests. Matters to be 
considered are: 

(a) 

(b) 

(c) 
(d) 
(e) 

(f) 

(g) 

Access - specify access road to avoid damage to farm 
roads and pasture. A buyer can be requested to 
construct an access road. 
Removal of equipment and cleaning up. It is wise to 
stipulate the removal and cleaning up of debris. If 
necessary - burning. A date should be made for 
this, and fences repaired etc. 
Protection of stock. 
Prevention of erosion, e.g. cut-offs on tracks. 
Indemnity - any accident or damage to people or 
property. 
Logging waste - buyer does not leave any saleable 
produce in woodlot. 
Dates by whi ch 1 oggi ng must be cOllll1enced and wood 
must be removed. 

17.14 ASSESSMENT OF VOLUME 

17.14.1 Standing Trees 

To find the volume of standing trees two measurements must 
be made: (al Height and; (b) Diameter. 

(a) To find average height: 

The instruments normally used are an Abney level, a 
Blume Leiss or a Suunto hypsometer. These use 
angl es to determi ne hei ght. It is not necessary to 
measure every height. Measure a sample and derive 
average height for each diameter class. 

(b) To find diameter: 

Measured with a steel or plastic diameter tape which 
is marked in diameter-equivalent centimetres. 
Record in two-centimetre classes, to the nearest 
even centimetre. Trees should be measured at breast 
hei ght whi ch is 1. 4 metres above ground, on uphill 
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side of the tree. This is Diameter Breast Height 
(DBH) Å 
Tree form, sloping ground and litter buildup affect 
the point at which breast height is measured. 

These measurements should be obtained by measuring a 
sample portion of the trees and the results applied to the 
crop as a whole. For small stands it may be preferable to 
measure all trees. 

Sample Plots: 

The vol ume is measured on a number of plots chosen at 
random throughout the stand. The area covered in sampl e 
plots should be not less than 20% for plantations of 2-10 
hectares or 10% for pl antati ons of over 10 hectaj!es, and 
w~th a minimum of 200 stems in each stand. 400 m to 800 
m is a suitable plot size for most mature stands. 

Tree Volume Tables: 

Tables giving volume (in cubic metres) in relation to 
hei ght (i n metres) and DBH (i n centimetres) have been 
prepared for most species, and for radiata pine in most 
districts. (Tree form, and therefore volume for a given 
height and diameter, varies sl ight1y throughout the 
country). These are available from N.Z. Forest Service. 
The tabl e inc1 uded here shoul d be sati sfactory for most 
sma 11 woodlots. 

17.14.2 Logs 

Measurements required are (i) length in metres, (ii) small 
end diameter inside bark (s.e.d.i.b.) in centimetres. If 
log is oval, average two measurements. Log volume tables 
have been prepared for the more common exotic species for 
the districts where they are important. These are avail-
able from N.Z. Forest Service. The following table shows 
log volumes calculated from data from 983 logs measured at 
Hanmer and Ba1mora1 State Forests and at Christchurch City 
Bottle Lake Plantation. 
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SPECIMEN TREE VOLUME TABLE 

Total Stem Volume (Cubic Dedmetresl for Radiata Pine, All Oiztricts 

Diameter 
lass 

4.0 8.0 12.0 16.0 20.0 24.0 28.0 32.0 36.0 40.0 44.0 48.0 52.0 56.0 60.0 
--~------------.---------

2 3 4 5 6 6 8 10 11 
6 10 15 20 26 31 36 42 47 53 59 65 77 83 

10 16 27 39 52 65 79 93 107 122 136 151 166 181 196 211 
14 30 50 73 97 121 141 173 199 226 253 280 308 336 364 392 
18 48 79 115 153 193 233 274 316 358 401 445 489 533 578 623 
22 69 114 167 22< 279 337 397 457 518 581 643 707 771 836 901 

94 156 227 302 379 458 539 621 705 789 875 961 104-9 1137 
30 122 202 295 383 493 595 702 809 917 1027 1139 1251 1365 1479 
34 153 255 372 494 621 751 883 1018 1155 1293 1433 1575 1718 1862 2008 

.~ 38 188 313 456 607 762 921 1084 1249 1417 1587 1759 1933 2108 2235 2464 
~ 42 226 376 548 729 916 1108 1303 1502 1704 1908 2115 2324 2535 2747 2962 , 

46 445 648 862 1083 1309 1541 1776 2014 2256 2500 2747 2996 3248 3502 "'-' 00 50 518 755 1005 1263 1527 1796 2070 2348 2630 2914 3202 3493 3787 4082 
54 350 597 870 1158 1455 1759 2069 2385 2705 3030 3358 3690 4025 4363 4)03 
58 410 681 993 1321 L65.9 2006 2360 2720 3085 3455 3830 '1208 4590 4976 5364 
62 463 770 1122 1493 1876 2268 2668 3075 3488 3906 4330 4757 5189 5625 6065 
66 520 864 1259 1675 2104 2544 2993 3450 3913 4383 4858 5337 5822 6311 6804 
70 579 963 1403 1866 2345 2835 3335 3844 4361 4884 5413 5948 6488 7033 7532 
74 641 1066 1554 2067 2597 3141 3695 4258 4830 5410 5996 6588 7186 7790 8398 
78 706 1175 1712 2278 2862 3460 4071 4691 5321 5960 6606 7258 7917 8582 9253 
82 775 1288 1877 2497 3137 3794 4463 5144 5834 6534 7242 7958 8680 9409 10144 
86 846 1406 2049 2726 3425 4141 4872 5615 6369 7133 7905 8687 9475 10271 11074 
90 919 1528 2228 2964 3724 4502 5297 6105 6924 7755 8595 9444 10302 11167 12040 
94 996 1656 2414 3211 4034 4877 5738 6613 7501 8401 9311 10231 11160 12097 13043 
98 1075 1788 2606 3467 4355 5266 6195 7140 8099 9070 10053 11047 12050 13062 14082 
102 1157 1924 2805 3731 4688 5668 6668 7686 8718 9763 10821 11890 12970 14059 15158 
106 1242 2065 3011 4005 4032 6084 7158 8249 9357 10479 11615 12762 13921 15090 16269 
110 1330 2211 3223 4287 5387 6513 7662 8831 10017 11219 12434 13663 14903 16155 17417 
114 1420 2361 3442 4579 5753 6956 8183 9431 10697 11981 13279 14591 15915 17252 18600 

1513 2518 3668 4879 6129 7411 8719 10049 11398 12765 14149 15547 16958 18382 19819 
1609 2675 3900 5187 6517 7880 9270 10684 12119 13573 15044 16530 18031 19545 21072 

126 1707 2839 4138 5505 6916 8362 9837 11338 12861 14403 15964 17541 19134 20741 22361 
130 1808 3007 4383 5830 7325 8857 10420 12009 13622 15256 16909 18579 20266 21968 23585 



SPECIMEN LOG VOLUME TABLE 
PINUS RADIATA 

Small end Log length in metres 
Diameter 
Class Lb. 
in cm 2.0 2.1 2.4 2.7 3.0 3.3 3.4 3.6 3.9 4.2 4.5 4.8 4.9 5.1 5.4 5.7 6.0 6.3 6.4 

Volume i.b. in dm3 (Multiply by 0.001 to convert to m3) 

4 8 9 11 13 16 19 20 22 25 28 32 35 37 39 43 48 52 57 58 
6 12 12 15 18 21 24 26 28 32 36 40 44 46 49 53 58 64 69 71 
8 16 17 21 24 28 32 34 37 41 46 51 56 58 62 67 73 79 85 87 
10 22 24 28 33 37 42 44 48 53 59 65 71 73 78 84 91 98 105 108 

I-' 12 29 31 37 42 48 55 57 61- 68 75 82 89 92 97 105 113 121 130 133 ...... 14 38 40 47 54 61 69 71 77 85 93 102 110 113 120 129 138 148 158 161 I 
I'\) 16 48 50 59 67 76 85 88 95 104 114 124 135 138 145 156 168 179 191 195 
1.0 18 59 62 72 82 93 104 107 115 126 138 150 162 166 175 187 200 214 227 232 

20 71 75 87 99 111 124 129 137 151 164 178 193 197 207 222 237 252 268 273 
22 84 89 103 117 132 147 152 162 178 194 210 226 232 243 260 277 295 313 319 
24 99 105 121 138 155 172 178 189 207 226 244 263 . 269 282 301 321 341 361 368 
26 115 122 140 159 179 199 205 219 239 260 281 303 310 324 346 369 391 414 422 
28 133 140 161 183 205 228 235 251 274 297 321 346 354 370 395 420 446 471 480 
30 151 159 184 208 234 259 268 285 311 338 364 392 401 419 447 475 504 533 542 
32 171 180 208 236 264 2.92 302 321 351 380 410 441 451 471 503 534 566 598 609 
34 193 203 233 264 296 328 339 360 393 426 459 493 504 527 562 597 632 667 679 
36 215 226 260 295 330 365 377 401 437 474 511 548 561 586 624 663 702 741 754 
38 239 251 289 327 366 405 418 445 485 525 566 607 621 648 690 733 776 819 833 
40 264 278 319 361 404 447 461 490 534 579 623 669 684 714 760 807 854 901 917 

Note: The diameter classes include diameters from 1 em above and below the 
stated figures. and the volumes are for the stated figures. 
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SECTION 18 

SOILS AND FERTILISERS 

Contributed by Dr. K. Cameron, Soils Department 
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18~ SOILS AND FERTILISERS 

1 THE SOILS OF NEW ZEALAND 

Soi 1 s are formed by the act; on of envi ronmenta 1 factors such 
as climate, vegetation and on rocks and sediments 
over a. period of time. In New il.i1d, because of the great 
diversity of di fferent kinds of rocks a.nd sediments, ng 
in age from a few hundred years to hundreds of thousands of 

, the soil pattern is very complex. In additi on the 
imate covers a wide range of from cold alpine 

to cal and m01stu from almost desert 
\~et in the mOdntRi scrub, 

and other forms of vegetati on as Ive11 as varied topography 
and 1 andform hi story add to the complexity. Neverthe 1 ess, 
there are some broad patterns which have been identified and 
mapped by soil sci enti sts. These patterns ex; st because 
there are broad geographi c zones where cl imate, vegetati on, 
parent material, landform and duration of soil formation are 
simil ar. 

18.1.1 Zonal Soils 

There are five principal zones in New Zealand and the 
soils associated with them are called ZONAL SOILS. These 
zona 1 soi 15 are found on parent mater; a 1 s such as loess, 
(wind-blown deposits), greywacke etc. which are largely 
made up of silica, feldspar and mica. 

Brown-grey earths occur in the dry inl and areas of the 
Sou th I sl and. The soil s a re sandy with cl ayey subsoil s, 
re 1 at; ve 1y fertil e but droughty. Ye 11 ow-grey earths are 
wi despread from Southl and to Hawkes Bay and are formed 
mainly on loess covered downs and hills under a sub-humid 
climate. These soiis are silty with a dense fragipan and 
sometimes with a c1 aypan as well in the subsoil. They 
require small quantities of fertilisers and some need 
artificial drainage. 

Yellow-brown earths are extensive from Southland to North 
Auckland and up to the snowline on the mountains. They 
are formed under hum; d c1 imates where 1 each; ng removes 
soluble products of weathering. These soils require 
significant quantities of fertilisers to maintain product-
ivity. They are friable, free-draining, silty to loamy 
textured but clayey versions occur extensively Áin North-
1 and. 

Podzols are formed under forest vegetation under extremely 
hi gh rai nfa 11 ; they occur in super-hum; d regi ons such as 
Westland. These soils are acid, very strongly leached and 
have low fertility. They require large amounts of ferti-
liser and lime for productive use. 
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Gley podzols occur mainly on terraces in super-humid 
regions where soils have become waterlogged after podzoli-
sation. The gley podzols of Westland are extensively 
1 eached and have very poor ; nternal drai nage. F ertil i ser 
and careful management are required to maintain product-
ivity of these 50ils. 

Over 40% of New Zealand consists of steeplands where the 
zonal soils occur as part of a complex pattern which 
includes young soils and fresh slope deposits. 

18.1.2 Intrazonal Soils 

I n some parts of the country the soil s differ from zonal 
soil s because of the unusua"1 effects of some rocks such as 
volcanic ash, limestone, and sands on soil formation. 
These, as well as those soils formed in wet low-lying 
situations, are called INTRAZONAL SOILS. 

Yellow-brown pumice (young) and Yellow-brown loams (older) 
are the most extensi ve of these soil 5 whi ch are foY'med on 
volcanic ash in the central North Island. They have 
loamy, friable, free-draining profiles and contain allo-
phane cl ays whi ch absorb 1 arge quanti ti es of phosphate. 
Some are deficient in trace elements and low in potassium. 

Brown granul ar loams and cl ays are a compl ex group of 
soils formed on andesitic rocks and occur as small patches 
from Southland to Northland. Their fertility is highly 
variable but many are highly productive when nutrient 
deficiencies are corrected. 

Rendzinas are dark fertile soils formed on limestone. 

Yellow-brown sands are leached soils on coastal dunes. 

Gley soils are poorly drained soils of swamps grading into 
peats in the wettest places. 

18.1.3 Azonal Soils 

AZONAL SOILS are Young soils without well-developed 
subsoils, formed in recent floodplains, sand dunes, ash 
deposits etc. 

Recent soils occur on the younger surfaces of valleys and 
plains. Their usually fertile but physical properties, 
soil moisture and drainage are highly variable. 

Regcsols occur on fresh sand deposits. 

Lithosols occur on coarse rock waste in the mountains. 
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Table 1 shows the area of the main soil groups on flat to 
rolling, hilly, and steep terrain. 

Table 1 : Soil Groups in New Zealand 

Arei~ (000 
Rolling Hill 

Common Name and Flat Soils 

ZONAL SOILS 

Brown-grey earths 162 41 
Yellow-grey earths 1,418 405 
- in association with rendzinas 28 20 
- related shallow and stony soils 608 
Hi gh country ye 11 ow--brown earths 405 405 
Sub-alpine gley soils and gley podzols 405 
Southern and central yellow-brown 
earths 608 1,823 

Southern and central podzol ised yel1ow-
brown earths and podzols 57 81 

Southern and central gley podzols 304 41 
Northern yellow-brown earths 203 304 
- in association with rendzinas 20 41 
Northern podzolised yellow-brown 
earths and podzols 203 122 

INTRAZONAL AND AZONAL SOILS 

Yellow-brown sands 203 16 
Yellow~brown pumice soils 810 810 
Yellow-brown loams 1,215 405 
Brown granular loams and clays, 
and red-brown loams 304 203 

Organic soils 203 
Gley soils 304 
Recent soils from alluvium 810 
Recent soils from volcanic ash 41 101 
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hectares) 
Related 
Steepland 
Soils 

101 
1,012 

1,823 
911 

3,240 

2,734 

203 

1,012 

405 

203 



18.1.4 Mapping 

Depending on the scale adopted by the soil surveyor, soil 
maps can show soil patterns of countri es, regi ons, di st-
ricts or farms. A country-wide map is useful for showing 
general trends in soi 1 patterns and wi 11 often show a 
1 arge unbroken area covered by one soi 1 group or type. 
However, a detailed survey of a small section within such 
an area would reveal a more complex picture of the soils. 
Thus most farms have soil s of more than one group and 
these may have quite different fertility and management 
requi rements. 

Soil maps are useful for the identification of soils and 
problem areas and as an aid to decisions regarding land 
use and land management. The Soil Bureau of the D.S.I.R. 
is responsible for the surveying and mapping of New 
Zealand soils. 

18.2 ESSENTIAL ELEMENTS 

There are 16 elements that are essential for the growth of 
plants. They are: 

Carbon (C) 
Hydrogen (H) 
Oxygen (O) 

Nitrogen (N) 
Phosphorus (P) 
Potassium (K) 

Sulphur (S) 
Calcium (Ca) 
Magnesium (Mg) 

Iron (Fe) 
Copper (Cu) 
Zi nc (Zn) 
Manganese (Mn) 
Boron (B) 
Chlorine (Cl) 
Molybdenum (Mo) 

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 of legumes. 

These three elements are the second-
ary 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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18.3 SOIL TESTING 

The amount of fertiliser required by crops and pastures 
depends on the ability of the soil to supply the essential 
pl ant nutrients. The more that can be suppl ied to pl ants 
from the soil. the less has to be applied as fertiliser. One 
guide to the ability of the 50;1 to provide nutrients may be 
obtained from knowledge of previous management and cropping. 
For instance. crops grown during the first season out of a 
well bal anced grass/clover pasture rarely respond to appl i-
cations of fertiliser nitrogen. However. if cropping is 
continued in successive years the supply of nitrogen from the 
soil falls and nitrogen fertiliser requirements increase. 
Thus. a guide which used knowledge of previous cropping is of 
limited value. 

An alternative and more reliable technique for predicting 
fertiliser requirements is soil testing. This approach is 
based on the idea that a laboratory analysis of the soil can 
provide an INDEX or RATING of the abil ity of the field soil 
to release and supply essential plant nutrients. 

In order to develop these tests and to make worthwhile 
predictions it is necessary to establish the relationship 
between soil test values and the response to fertiliser addi-
tions. This is done by carrying out pot tests and field 
trials in different parts of the country. In this way it is 
possible to take account of the effects of variations in 
soils and climate around the country. It must be emphasised. 
however. that for a variety of reasons. soil tests cannot 
provide an exact measure of the amount of nutrient available 
in the soi 1 or the amount of fertil i ser requi red. Rather the 
index obtained by testing is used as an indicator of the 
likelihood of response to added fertiliser. Thus a low soil 
test index value would indicate that a response to fertiliser 
is very unlikely whilst a high soil test index value would 
indicate that response to fertiliser is unlikely. 

The reasons why the values obtained by soil testing require 
careful interpretation are as follows: 

1. The amount of soil analysed is minute compared with the 
amount in the paddock and there is considerable natural 
variation even in the soil of one paddock. Thus whilst 
the test sample is analysed very accurately it may not 
be truly representative of the whole paddock. 

To overcome this problem several spots are sampled 
(usually at least 15 sites sampled to a depth of 75 mm 
for pasture and 150 mm for arable crops, using a 25 mm 
diameter tube) and then bulked together before sending 
for analysis. When taking samples, areas such as 
gateways, fertil i ser or 1 ime dumps. stock camps etc .Å 
must be avoided since they can give very misleading 
results. 
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If a small area within a paddock is of interest then it 
should be sampled separately. 

2. Because the interpretati on of the test resul ts are 
based only on the probability of likelihood of response 
there are a small number of soi 1 s for whi ch the tests 
will give the wrong answer. Thus some soils giving a 
hi gh test index may still show responses to fertil i ser 
and some soi 1 s gi vi ng a low test index may not. 

Continued refinement of the interpretation of soil 
testing and local knowledge will help to minimise these 
occurrences. 

3. The ability of the soil to provide nutrients is only 
one of a large number of factors which govern crop 
production. Other factors such as rainfall, temper-
ature, sunlight etc., are equally important. Often, 
for example, a soil test may indicate a likely response 
to fertiliser. This may occur in one season and not 
the next. High rainfall, favourable temperatures etc. 
in the fi rst season may have promoted growth so the 
crop or pasture needed more available nutrients, but in 
the next season cond; ti ons for growth may have been 
1 ess favourabl e so the demand for nutrients was 1 ess 
and no fertiliser response was obtained. 

When interpreting the test values, all production 
1 imiting parameters such as cl imate, disease, insect 
pests and weed competition mu~t be considered. If any 
one of these is limiting then it is possible that no 
growth response w;ll be obtained regardless of the soil 
test value, and fertiliser use. 

Other management pol i cies may be si gni fi cant when interpre-
ting soil tests. For instance, on hill properties with 
extensive grazing, the marginal cost of fertiliser to produce 
near maximum yields may well be greater than the value of the 
extra production. Consequently, if soil tests were in the 
low range, fertiliser may not be applied although the routine 
recommendation would be to do so. In the reverse situation, 
the risk of losing pr'oduction in an intensive cropping system 
or horticulture may mean that fertiliser may be applied even 
at high soil test values because the extra yield which may 
occur in some years is economically justified. 

Currently the main soil testing programme available to 
farmers is through the Ministry of Agriculture and Fisheries 
Farm Advi sory Servi ce. The soil test covers the nutri ents 
phosphorus, potassium, calcium and magnesium and soil pH is 
also measured. Sulphate su1pher can be requested. 
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A soil test for nitrogen presents part; cul ar probl ems and is 
not i ncl uded in the rou ti ne soil testi ng servi ce. However, 
tests are be; developed for arable crops such as wheat and 
maize. One test for predicting the nitY'ogen fertiliser 
requirements of wheat is carried out by the Ravensdown 
Fertilis0r Cooperative Ltd. 

18.3.1 on of M.A.F. Soil Tests 

The FI.A.F. Advisory Off"cer will the soil 
analyses and make appropriate fertiliser rf:commendat"ions 
for you. His interpretation will be based mainly on the 
foll OVl; ng i nformati on: 

1. Levels of 50il nutrients are classed according to the 
values i Table 2. 

Table Z : Soil Test Nutrient Ranges 

low !l:led Hi 
Olsen-I> 

Rainfall 1000 111m 
Autumn 0-10 11~20 21-30 > 3" l' 
Spring 0-20 > 20 

Rainfall < 1000 mm 
Autumn 0-20 > 20 
Spring 0-10 > 10 

Quick Test 

K 0-4 5-6 7-8 > 8 
Mg 
Sulphate-S 
P-retenti on 

0-4 
0-3 
~ . ~ 0-lU 
0-30 

4-10 > 10 
11-15 > 15 
31-85 85-100 

2. Effect of the soil type on the avail abil i ty of 
nutrient added. 

Some soil s have a capacity to 'fi ' phosphorus and 
therefore some of the fertiliser Padded ;s made 
unavail abl e to the pl ant. Thi s must be accounted for 
when deciding on the rate of fertil iser requi red. 
The M.A.F. have classified soils according to their 
P-fixing capacity and their laboratory test is based 
on the percentage of added phosphorus whi ch a soil 
will fix. Classes are given as Pretention 
percentages in Table 2. An example of the importance 
of accounting for P fixation would be: 

Soil A 01 sen P 
Soil B : Olsen P 
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Recommended rates of superphosphate for pasture 
maintenance would be different, that is: 

Soil A < 125 kg super/ha 
Soil B = 250 kg super/ha 

18.4 FERTILISER AND LIME REQUIREMENTS FOR PASTURES IN NEW ZEALAND 

Summary information is presented on Tables 3 and 4 for the 
North and South Islands, respectively. The data is taken 
from M.A.F. Technical Bulletins (FPP 559, FPP 562, AST 11, 
AST 102) which give a more detailed breakdown. (For soils of 
Taupo Ash, Peat soils, North Auck~and soils, see the M.A.F. 
Bulletins). 

To use the tables follow the procedure below: 

South Island 

(il Find your soil group or type. 

(ii) Read the P, K and S requirements as expressed in kg 
nutrient/ha/year. 

(iii) Read the trace element requirements. 

(iv) Decide on a suitable compound fertiliser if required. 

(v) Read the lime requirement. 

North I sl and 

(i) Find your soil group or type. 

(ii) Development situation; read the initial P require-
ment. Maintenance situation; read the P requirement 
according to low or high soil quick test results and 
according to medium or high stocking rates (MS and HS, 
respecti vely). 

(iii) Read the K requirement (as above) and the S require-
ment. 

(iv) Read the trace element requirements. 

(v) Decide on a suitable compound fertiliser if required. 

(vi) Read the lime requirements. 

N.B.: These tables are not definitive and your soil may have 
different requirements to the generalisations given. 
I t is essenti alto have your soil tested every 3-4 

18-10 years to allow accurate fertiliser recommendations. 



18.4.1 Frequency and Time of Fertiliser Application 

Frequency of fertiliser application will depend mainly on 
the soil fer til i ty and the anti ci pated nutd ent losses. 
For example, where leaching is intense it may be most 
economic to apply fertil iser twice a year rather than in 
one si ng1 e dress i ng (part; cul ar1y important for sul phur 
deficient, high rainfall areas). Whilst on soils of high 
fertil i ty an app 1 i cat; on every two years may be suff; c-
ient. 

The time of year that a fertiliser is applied will affect 
the response in pasture or crop producti on. A number of 
things need to be considered: 

(a) Soil ferti li ty and pasture growth pattern 

Phosphate fertiliser application to a low fertiiity 
soil wi 11 have the greatest effect on the clover' 
growth. Therefore, P-fertil i ser shoul d be applied 
just before the period of maximum clover growth " 
late summer/autumn. 

On high fertility soils responses will be smaller 
and the time of P application ;s less important. 

Potassi um and sul phur shoul d be appl ied in spring to 
give maximum responses. 

In general nitrogen should be applied 6-8 weeks 
before the extra feed is required. For spring feed 
apply the ni trogen about 4 weeks before the fi rst 
growth is expected. 

(b) Stock Heaith 

Potassi um appl icati ons may exaggerate problems of 
hypomagnesaemi a (grass staggers) by depressi ng 
herbage magnesium levels. Therefore, in areas where 
stock suffer from this metabolic disorder K-fertil-
iser should only be applied between October and 
I~arch. 

Fertil iser appl ications of any kind should not be 
made on pasture which is intended for immediate 
grazing. 

(c) Fertiliser mixtures 

Correct timing of fertilisers with N, P and K may 
not be possible and split applications (i.e. Spring 
for Nand K, Autumn for P) may be necessary. 

18-11 



Tabl e 3 , SOUTH ISLA~D SOILS 

Group 

B rowq-greyea rt" 

Yellow-grey earth 
(dry) 

Yellow-grey earth 
(moist) 

Soil 

Ye 11 ow-grey Iyell ow 
brown i ntergrades 

Stony yellow-grey 
and YGE/YBE 
i ntergrades 

Lowl and YBE 

Upland YBE 

Steepl and YBE 

Lowl and podzol s 

Recent. soi 1 s: 
Type 1 
(v. young + mod. 
young low rainfall) 

Type 2 
(mod. young med. 
rainfall ) 

Type 3 
(mod. young + young 
high rainfall) 

TVpi ca 1 Type 

Rainfall 
(mm/yr) 

Conroy, L imburn > 450 

Wither, Omarama, 600 
Timaru. Ngapara 

Sedgemere, Cheviot, 600-900 
Opuha, Te Hauka 

Oxford, Kakahu, 900-1000 
'tJarepa. Waitahuna, 
Waikoikoi ' 

Lismore, Chertsey 600-1100 
Steward, Ruapuna, 
Hororata 

Rosedale, Rai, 1300-2000 
Ohaura, Kaiwera, 
Waikiw; 

Wehenga, Cass, 
Tekapo, Maude 

Hurunui 

Ornahau, Addison 
Hina Hina 

Fraser, Waimakari ri 
Templ eton, Wnlow-
bri dge, Kowhai, 
Wingatui, Waimea 

Mataura 

Hokitika, Tasman 

)50-1100 

1400-3000 

400-1100 

750-1100 

1100-5000 

Ferti] iser 
(kg P/ha/yr) 

15-20 

25-30 

25-30 

Dryl and 20-25 
Irrigated 25-30 

Initial 60-120 
Mai ntenance 25-30 

Initial 35-45 
Mai ntenance 20 

Shady face 20-25 
Sunny face 15-20 

I ni ti a 1 120 
Maintenance 35-40 

15-25 

25-35 

34-45 

Super = rate of super used to satisfy P requirement also suppl ies 
sufficient S; S-Super = addit'ional S required as Sulphur 

2 Super 
Rate of Mo usually 300 g Sodium Molybdate/ha/3 years 
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ReqUJr(ke~nitsn,,~", ____ ~-n~~G7v.T 9 K/ha/yr) (kg S/ha/yr)! 

Nil 50-70 (S-super) 

NiL f.xcept 50-70 (S-super) 
intensive use: hay 

Nil. Intensive use 
-50 

Super 

Defi ci ency develops Super 
-50 

Deficiency develops Dt'y1and super 
-50 I rri gated 

S-super 

Trace 2 
E1 ements 

Se 

Se 
Mo 

Mo 

Se 
Mo 

S" 
Mo 

Co marginal 

Li'lle (loa kg/ha) 

Nil 

Nil 

25-40/4 yr 

25-40 initially, 
maintain pH 6.0 

Commer.ts 

Non i rri gated 1 eS5 S 

Ora,; nage probl ern~ 

Lime to pH 6.0 Moisture limit. 
Irrigation included 
fertil i ser requi red. 

75 intensive use Super Se Lime to pH 6.0 Need varies with stage 
Mo of development. 

50-70 (S-super) 

Nil Very defi cient 
(S-super) 

Initial 100 (split) Very deficient 
Mai ntenance 50 (S-super) 

Nil 

Defi ci ency 1 i ght 
soils and intensive 
use 

SUDer 

Supet' 

Co margi na1 

Se 
Mo 

Se 
Mo 

Se 
Mo 
Co 

Cu and Zn 

Se 
(Mo) 

Se 
Mo 

B (crops + 
1 ucerne) 

50-75 Super or S-super (Mo) 
in1 and B (crops + 

1 ucerne) 
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Lime to pH 6.0 
if required 

Slight, usua1- Soils variable. 
1y impractical Aspect important. 

Very acid. Root/drainage pan. 
Initial 25-40 

Lime to pH 6.G 

Lime to pH 6.0 

Acid 
25-40 

Drai nage pron1 ems 



Table 4 : NORTH ISLAND SOILS 

Soil Rainfall ,,-
Low Test1 Hj gil Test2 

Group Typical Type ("",/yr) Initial MS HS MS HS 

Matapi ro. Cro';mthorpe 600-900 40-50 15 25 10 

Marton loam, Toxomaru. 900-1000 40 for 3-5 15 25 20 
Halcombe, Mi1sol'l years 

YBE Wanstend. Mangatea. 1100-2000 ?-100 15-25 25-35 15 25 
Kouratau. Kumeroa, 
Atua, Tinu;. ,]udgeford. 
Korokoro 

YBE steepl and Taihape. Turakina, 900-2500 30-50 for 7-15 25 15-20 
Pahiatua, Mahoenui, several years 
Whangamomona, Makara ~ 
Ruahi ne 

VB Pumi ce Paengaroa, Ohir.epa.nea, 1000-1400 100-120 30-55 40-60 20-25 30-40 
soil s Ga 1 ate a Å Drop; + Kaharoa 
( except 
Taupo Ash) 

sands, Tarawera gravels 

YB 1 cams of Egmont bl ack loam, > 1100 120 25-30 50-60 20-30 30-40 
Taranak i Stratford sandy loam, 

New Plymouth loam 

VB loams of Otorohanga + Ohaupo ) 1300 120-180 35-45 40-60 30-40 35-45 
Mai rOd su i te silt loarns, Dunmore 

YB loams from Horotui. Waihou. 1200-1500 120-180 25-45 35-50 20-35 15-40 
anuvium Bruntwood sandy 1 oams. 

Te Kowhai. WaHoa s; 1t 
+ clay loams 

YB sands Pukepuke, Himatangi 900-1000 25-75 25-35 30-40 15-35 25-40 
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Requirements Trace Lime Cormnents 
K (kg Klhalyr) S kg Slha/yr Elements 

Low Test High Test 
MS HS MS HS (100 kg/hal 

25 40 Nil Super Nil Marg; nal 

25 50 Nil Super Nil 10-25/5 years 

25 50 Nil Super Mo marginal 10-25/5 years 

S1 i ght response Nil Super some response 

50-60 75-100 Super or S-super Co marginal Spl it fertiliser dressings 
on v. def1 dent Cu marginal desirable 
soil s B marginal 

Se margi na 1 

Deficiencies widespread Super Nil Ni 1 except ; n Less P required in S. 
(25-1001 rainfall areas Taranaki . K test val ues often 

> 2000 rrrn low even after K ferti 1 i ser 
added 

40-50 50-75 Super Nil Nil (usuallyl 

50-75 75-100 Super Nil Nil - 25/5 year Heavy so; 1 5: lower P 
required: need 1 ;me 

25-40 40-50 Super Co Nil Very low. P-retention. 
Se 
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18.4.2 Costing of Fertilisers 

Fertiliser composition is normally expressed as the 
percentage of each element N, P, K and S in thp material 
(e.g. Sulphur Super 0 7 0 18 contains O~~ nitrogen, 7% 
phosphorus, 0% potassium and 18% sulphur). 

When deciding on which fertiliser to buy it is essential 
to cost cut the avai 1 abl e nutri ent in each before compari-
son. The easiest way to do thi s is to calcul ate the cost 
of 1 kg of the nutrient in each of the alternatives using 
the fOI'mu1 a: 

_ cents per tonne of fertiliser cents/kg of nutri ent - --- % of nutr're-ntxnr-_Ŀ-

For exampĿle: 

Which nitrogen fertiliser gives the cheapest source of N: 
Ure,'1. Calcium Al111lonium Nitrate (CAN) or Al111lonium Sulphate? 

A. Urea. N 
46 o 

K 
o 

s 
o 

Pri ce (1982) $438.35 per tonne. Therefore the cost 
of N (using the formul~ above) is: 

4~3~3~O = 95 cents per kg 
B. Calcium ammonium nitrate (CAN) 

26 o o o 
Price (1982) $356.60 per tonne. Therefore the cost 
of N is: 

35660 = $1 77 per kg 26 x 10 ." 
C. Ammonium sulphate 

21 o o 24 

Pri ce (1982) $216.65 per tonne. Therefore the cost 
of N is: 

21665 = $1.03 per ka ITXllJ ~ 

N.B.: Ammonium sulDhate contains 24% sulphur and this may 
be needed by the pl ant. Therefore, it dEserves to be 
credited with some value where we know it is needed. One 
tonne of elemental sulphur (100% S) costs $190 or 19 cents 
per kg S. Thus the 240 kS Sin 1 tonne of ammoni urn 
sulphate ;s worth 240 x 19 cents = $45.60. 
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Allowing for this, the cost of N in 1 tonne of ammonium 
sulphate is $216.65 - $45.60 = $171.05 and the cost per kg 
of N is: 

17105 
21 x 10 = 82 cents 

On a purely cost basi s one waul d buy A or C dependi ng on 
the sulphate requirement. 

There are, however, other important factors to be con-
sidered when deciding on which fertil iser material to buy, 
these are: 

1. Nutrient availability. Fertilisers which readily 
dissolve release theil" Ilutrients for plant uptake 
almost immediately. However, this also means that 
the nutrients may also be quickly lost by either 
leaching or reaction with soil minerals. Other 
fertilisers which are slow to dissolve do not have an 
immediat~ effect, but can be considered as slow 
releasing stores of nutrient. For example, elemental 
sulphur is slow to dissolve and therefore should not 
be used to correct an immediate deficiency but should 
be used when a more sustained supply is required. On 
the other hand, sulphate sulphur (superphosphate) 
shoul d be used for an immediate response. Sul phur 
superphosphate fertiliser contains both forms of 
sulphur and therefore acts as both an immediate and 
longer term supply of S. 

2. Physical form of the fertilser. 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 ;s explosive. 

18.4.3 Lime 

The change in soil pH produced by a 1 ime appl i cati on is 
influenced by the texture of the soil. Table 5 shows the 
amount of 1 ime (tonnes/ha) requi red to raj se the soil pH 
by 1 unit. For example, clay soils may only change half a 
pH uni t by a heavy appl i cati on of 1 ime. say 6 tonnes/ha. 
whilst sandy soils are more responsive. 
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Table 5 : Lime Requirements 

Soil Texture 

Sand 
Sandy loam 
Silt loam 
Clay loam 
C1 ay 

Tonnes lime/ha required to raise 
soil pH by 1 unit 

2.5 
4.2 
5.6 
8.3 
12.5 

In development situations it is desirable to reach the 
required pH as quickly as possible. After this there is 
usually no need to apply 1 ime more frequently than every 
4-5 years. 

18.5 SOIL PHYSICAL CONDITIONS AND CROP PRODUCTION 

Of the many factors influencing the final yield of the crop, 
the physical condition of the soil is often the most import-
ant. 

Soil structure is the term used to descri be the si ze and 
shape of the units, or aggregates, found in the soil. These 
aggregates are formed from the sands and si 1 ts bei ng bound 
together by cl ay, organ; c matter and other soil components. 
The nature of these aggregates and thei r arrangement control 
the rate of water i nfi ltrat; on and drai nage, the amount of 
water stored in the profile, and the ease of root growth. 
Good soil structure consists of well developed porous 
aggregates which are arranged in a close pattern but are not 
compacted. Good soil structure is also stable and is not 
easily broken down under cultivation or raindrop impact. 

Unstab 1 e soil s have aggregates whi ch are eas ily broken down 
and a number of problems are likely to occur such as surface 
capping, compaction and cloddiness, and slaking and puddling. 
All of which result in poor drainage and poor root growth. 

Over-cul ti vati ng may al so break down soi 1 aggregates resul-
ti ng in underconsol i dati on whi ch a 11 ows rapi d dryi ng of the 
seedbed and wind erosion. 

Details of the tilth requirements and sensitivity of differ-
ent crops to specific soil physical conditions are given in 
Table 6. 

Some of our most producti ve arabl e soi 1 s have weak unstable 
structure, which readily breaks down during short periods of 
wa terl oggi ng. The weak soil structure encourages overcom-
pacti on by machi nes when the soil is wet and effi c i ent 
drainage control is essential if farmers are to avoid risks 
of damage to the 50;1 and crop loss in wet years. 
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The intensity of drainage control is dependent on the type of 
crop to be grown, specifically: 

(a) The value of the crop; 
(b) Susceptibility of the species to excess water; 
(c) Cultivation requirements of the crop; 
(d) The time and type of harvesting. 

Drainaqe requirements of a number of crops are given in Table 
7. -
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Table 6 Sensitivity of Crops to Specified Soil Conditions in the 
Top 45 cm 

Crop 

Wi ntel" cerea 1 s 

Spring cereals 

Potatoes 
(mai ncrop) 

Sugar beet 

Peas 

Field beans 

Carrots and 
parsnips for 
prepacking 

Tilth Requirement 

Establishes satisfac-
torily in very coarse 
tilth. Tillering 
compensates for low 
emergence. 

Establishes satisfac-
torily in coarse 
tilth. Tillering 
compensates for low 
emergence. 

A deep ti 1 th free 
from clods of greater 
than 4 cm is required 
for machine lifting. 

Requires fairly fine 
even seedbed but not 
too fine. Should not 
be panned below seed-
bed. 

Does not need fine 
tilth. 

Will establish well 
in coarse tilth. 
Winter beans can be 
satisfactorily sown by 
ploughing the seed 
under. 

Fine tilth needed. 

18-20 

Susceptibility to waterlogging 
and anaerobic conditions 

Tolerant partly because of 
ability to compensate by til-
lering. Prolonged excess water 
in spring reduces population 
and vigour. 

Delays date of drilling. 
restricts tillering. and 
accentuates need for nitrogen. 

Sensitive to rot if ridges 
waterlogged for 24 hours. 

Very sensitive in early 
stages of establishment when 
rapid growth is important for 
high yield. Also plant pop-
ulation may be reduced too far. 

Very susceptible in wet springs 
to attack from footrots and 
nitrogen deficiency because of 
poor nodulation. 

Sensitive to footrots in wet 
springs. 

Very sensitive - reduced 
emergence and harms tap root. 



Susceptibility to capping 
and compaction 

Fai r1y to1 erant both to cap-
ping and compaction, unless 
severe compaction restricts 
moisture supply from ear 
emergence onwards, 

Tol erant to all but most 
severe caps. Fai r1y suscept-
ible to compaction which 
aggravates drought probl ems. 

Not sensitive to caps, 
severe compaction under 
ridge causes premature 
senescence. 

Very sensitive to caps. Tap 
root sensitive to restriction 
in tight layers causing 
restri cted water uptake 
and fanged beet. 

Not sensitive to caps. Tap 
root sensiti ve to compacti on. 

Not sensiti ve to caps. Tap 
root sensitive to compaction. 

Very sensitive to even 
sl ightcaps. Tap root very 
sensitive to compaction; 
size, shape and uniformity 
of produce badly affected. 

Susceptibility to 
wind erosion 

Very tolerant because 
complete ground cover 
in spring. 

Tolerant because of 
early ground cover. 

Tolerant because 
ridges reduce wind 
velocity at surface 
and because of large 
seed. 

Risk of damage to soil 

Slight except in areas 
of high rainfall. 

Heavy soils often compac-
ted at seedbed prepara-
ti on. Sl i ght ri sk of 
damage at harvest except 
in areas of high rain-
fall. 

High risk with late 
lifted crop because of 
heavy machinery. 

Very sensitive because Very high risk because 
of fine seedbed and of late lifting and 
late ground cover. heavy machinery. 

Tolerant except for 
late drillings. 

Tolerant because of 
early ground cover. 

Very sensi ti ve 
because of fine seed-
bed and late ground 
cover. 
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Dried peas only slight 
risk. Moderate risk for 
vining peas because of 
fixed harvest date. 

Moderate risk because 
of late harvesting. 

High risk if lifted 
late. 



Crop 

Brusse] sprouts 

Grass pasture 

Tilth Requirement 

Requires fairly fine 
even seedbed if di rect 
drilled. If trans-
planted, fi ne til th 
unnecessary, but loose 
conditions are not 
suitabl e. 

Fine even see dbed 
requi red. 

Susceptibility to waterlogging 
and anaerobic conditions 

Unlikely to occur during 
establ i shment. 

Sown species readily lost, 
and grasses take over. 

Requi rements for other crops can be obtai ned by referri ng to a simil ar 
crop in this table. 
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Susceptibility to capping 
and compaction 

Direct drilled crops very 
sensitive to cap. Roots badly 
restri cted by compacted 
layers and plant fails to 
establish a large frame. 

Sensitive to capping. Depth 
of rooting easily restricted 
by compacti on. 

Susceptibility to 
wind erosion 

Not grown on soils 
where erosion is a 
risk. 

Not susceptible un-
less sown in late 
spring. 
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Risk of damage to soil 

High risk because of 
1 ate harvesting. 

Risk of poaching damage. 



Table 7 Drainage Requirements of Various Crops 

Crop 

Winter cereals 

Spring cereals 

Value of Crop 
(very high-low) 

medium 

low 

Extensively graz~d low 
grassl and 

Intensively grazed medium 
grassl and 

Potatoes (maincrop high 
lifted mechanically) 

Sugar beet high 

Field beans low 

Vining peas medium 

Grain maize medium 

Brussel sprouts medium/high 
and winter greens 

Summer cabbage and medium 
autumn cauliflower 

Susceptibility of Crop to Poor 
Drainage (high, medium, low) 

Medium - although they can compensate 
well these crops are at risk during 
wettest period of year. 

Low - growing during drier parts of the 
year. 

Low - high production not required. 

Medium - high productivity needed, 
therefore better species must be 
encouraged, at risk during wetter 
period of year. 

High - even short periods of water-
logging in ridges will kill crop. 

Medium - will survive short period of 
flooding. 

Medium - disease damage encouraged by 
poor drai nage nodul ati on di scouraged 
by wet conditions. 

Medium - disease encouraged by poor 
drainage, nodulation discouraged by 
wet condi ti on s. 

Low - normally growing during drier 
season of year. 

High - at risk during wettest part of 
year. 

Low - normally growing during drier 
peri od of year. 
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Requirement for Cultivations 
(high, medium, low) 

Low - cultivations made 
during norma'ly favourab~e 
soil moi sture, a.nd tilth 
requirements not exacting. 

Medium - seedbed prp.para-
tions difficult in many 
seasons and helped by 
drai nage. 

Low 

Low 

High - deep til th needed. 
Large clods undesirable. 

High - fairly fine even 
seedbed required to encou-
rage rap; d emergence. 

Low 

Requ'! rements for Harvest; n9 
(high, medium, low) 

Low - harvested when soil 
moisture content usually not 
high. 

Low - harvested when 50;1 
moisture contents usua11y not 
hi gh. 

Low - grazing intensity low. 

High - risk of poaching in 
spring and autumn is high. 

High - lifted during season when 
drains may be running. Risk of 
soil damage increases for later 
dates. 

High - risk of soil damage 
high in wet autumn. 

Low - except in wet winters. 

Overa 11 Orai nage 
Requirement 

(very high-low) 

medium 

medium 

10w 

medium 

high 

high 

medi urn 

Medium - for early drilled Medium - although harvested at medium 
fields. time when soil is normally dry, 

if therei s a wet period damage 
to soil by heavy harvesters severe. 

Low - 1 ate seedbed Medi um - harvested 1 ater than medi urn 
preparati on. cerea 1 s. 

Low - if transplanted. High - where machines a!1d high 
Moderate - if direct drilled. trailers are needed on land. 

low - if transpl anted. Low med; urn 
Moderate - if direct drilled. 
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Crop 

Bulbs 

Dessert apples 
Sweet cherri es 
Raspberries 
Gooseberries 

Strawberries 

B1 ackcurrants 

Value of Crop 
(very high-lowl 

hi gh 

Susceptibility of Crop to Poor 
Drainage (high. medium. low) 

High - tulips; medium - daffodils. 

high/very high Very high - at risk during wettest 
parts of year and roots easily killed. 

high Medium 

high Medium 

N.B.: Crops with very high or high overall requirement for drainage normally 
sited on naturally well drained soils. 
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Requirement for Cultivations 
(high, medium, low) 

High - deep tilth free 
from clods needed. 

Low - frequent sprayi ng 
needs reasonabl eland 
bearing capacity. 

High - when runners are 
pl anted. 

High - when bushes planted. 

Requirements for Harvesting 
(high, medium, low) 

Medium - normally harvested in 
drier period of year. 

Low 

Low 

Low 
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Overall Drainage 
Requi rement 

(very high-low) 

very hi gh 

very hi gh 

high 
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SECTION 19 

IRRIGATION AND FARM 
WATER SUPPLY 

Revised with the assistance of 
the Agriculturai Engineering Department 





19. IRRIGATION AND FARM WATER SUPPLY 

19.1 MEASUREMENT 

The unit for depth of irrigation is the millimetre. 

1 mm (depth) = 1 litre/m2 = 10 m3/ha. 

The speed of application and infilt2ation should be in milli-
metres per hour (1 mm/h = 1 litre/m /h). 
The units used in farm water suppl ies are generally cubic 
metres per hour, litres per hour and litres per second. 

19.1.1 Useful Conversions 

The foll owi ng is ali st of conversi ons useful for farm 
-water supplies and irrigation. 

(a) Volume Rates of Flow: 

Cubic3metres per hour 1 m3/h = 220 gal/h 
(m /h) = 3.67 gal/mi~ 

L itres per houl' 
(1 /h) 

Litres per second 
(1 /s) 

(b) Volume per Area 

Litres per hectare 
(1 /ha) 
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1000 gal/h - 4.546 m /h 

1 l/h = 0.22 gal/h 
1 gal/h = 4.546 l/h 
1 gal/min = 272.765 l/h 
1 1/5 = 0.0353 cubic feet per 

second (cusec.) 
cusec = 28.32 lis 

1 l/ha = 0.089 gal/ac 
= 0.72 pint/ac 

1 gal/ac = 11.234 l/ha 
1 pint/ac = 1.404 l/ha 
1 fl oz/ac = 70.2 ml/ha 



19.1.2 Commonly Used Units for Farm Water Supply Projects 

Quantity 

Volume 

Unit 

cubic metre 

1 itre 

kilometre 
per hour 

metre per 
second 

Volumetric cubic metre 
flow rat~ per second 

Ma.ss 

Pressure 

Density 

litre pel' 
second 

1 itre per 
hour 

tonne 

kilopascal 

kilowatt 

kilogram per 
cubic netre 

Symbol 
3 m 

Typ;ca", Appl ication 

Storage capacity of farm dams, 
excavated tanks. Voluwes of 
earthwork, concrete and sol ds 
generally. 

Fluid volume, volumes of small 
tanks, pressure vessels, fluid 
containers generally. 

km/h Vehicular speeds, wind 

mls Stream flow velocity, velocity 
in pipes, drains, channels. 

3 m /s Flow rates in large pipes, 
channels, streams, drains. 

lis Flow rates in pipes, bores, 
pump; ng rates. 

l/h Flow rates for trickle irriga-
tion outlets. 

t 

kg 

kPa 

k~J 

Mass of large quantities of 
mater'i a 1 s. 

Mass of quantities of materials 
generally. 

Water and air pressure, 
sprinkler nozzle ratings. 

Power of engines, pumps, 
electric motors, tractors. 

3 kg/m Mass per unit volume of mater-
ials such as concrete, earth, 
cl ay. 

Rate of I;on- cubic metre m3/day Irrigation draft from dams, 
bores, rivers. Stock draft at 
excavated tanks. 

sumpt"i on of per day 
water 

1 itre per day l/day 
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Water consumption per person or 
per head of cattle or sheep. 



Quanti ty Unit Symbol Typical Appl icat; on 

Linear kil ometre km Stream 'lengths, catchment area 
Dimensions 1 engths, 1 arge distances gener-

ally. 

metre IT! Pipe and channel 1 engths, 
reserveir and well depths, 
hydraulic head. 

mi11imetre mm Pipe diameters, depth of i rri g-
ati on applied, l'ainfall , run-
off, evaporation, thickness of 
materi al s. small dimensi ons 
genera"j 1 y Å 

Area hectare ha p,reas of 1 and, catchment areas 
for small dams, ponded areas. 

square metre 2 Cross secti onal of ct1anĿ-m area 
nels!, "I arge pipes, embankments. 

2 Cross square mOl secti onal areas of ,;mall 
m; 11 lmetre pipes, steel sect; ons .. 

19.1.3 Metric-Imperial Equivalents 

The units shown are those most commonly applied to Farm 
Water Supply Projects, together with equivalents in metric 
and imperial units. 

Quantity t~etri c Unit Symbol Equi va 1 ents 

Long 
Distances 

kilometre km 1 km = 1,000 metres 
0.62 miles 

Dimensi ons 
generally, 
hydraul ic 
head 

metre In 1 m = 1,000 mm 

Small dim- millimetre 
ensions, 
ra; n fa 11 run-
off, i rri gati on 
appl ied 

Large areas hectare 

Small areas square metre 

mm 
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= 3.2808 ft 
1 m head = 3.2808 ft head 

= 9.8 kPa 2 
= 1.42 lb/in 

25.4 mm = 1 
(1 mm water 

hectare = 

inch 
applied to 

3 10 m ) 

1 ha 104 m2 ~ 2.47 acres 
2 m 0.0001 h2 

10.76 ft 



Quantity 

Volumes -
earthwork, 
concrete, 
water storage 

Fluid vol-
urnes, small 
containers 
for fl ui ds 

Water pres-
sure, ai r 
pressure 

Power 

Flows in 
drains, 
channel 
streams 

Metric Unit 

cubic metre 

1 i tre 

kilopascal 

kilowatt 

cubic metre 
per second 

Flow in litre per 
pipes, pump second 
rate 

19.2 WATER REQUIREMENTS 

Symbol Equivalents 
3 1 m3 3 m 35.3 ft3 

1. 31 yd 

(1. 234 m 3 = 1 acre foot) 

1 1 0.001 m 3 
'" 0.22 gallons 

kPa 1 kPa 0.145 lb/in2 
0.102 m head 

kW 1 kW = 0.746 Horsepower 

m3/s 1 m3/s = 1 cumec = 1,000 
1 itres/sec 3 

= 35.3 ft /s (cusec) 
= 2.91 ac. ft./hour 
= 13,197 gallons/min. 

lis 1 lis 13.2 gallons/min. 
= 791 gallons/hour 

19.2.1 Average Rates of Demand 

Average consumpti on fi gures may be used as a basi s for 
preliminary planning. They may also be used to calculate 
time patterns of demand for the design of minor storages, 
provi ded that these time patterns are computed for the 
appropriate critical storage period. 

19.2.2 Peak Rates of Demand 

Peak consumption figures 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. 
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,2,3 Quantity and Time Patterns 

In storage design, the use of average consumption figures 
for estimating reservoir demand may lead to under-design, 
pa rti cul ar 1 y if the cri t i ca 1 stora ge peri ad is more than 
one year and includes two summers. A quantity-and~time 
pattern of demand must therefore be cal cul ated. Thi sis 
parti cul a rly important ; n the des i gn of maj or i rri gat; on 
storages, for which a detailed monthly analysis of irriga-
tion requirements over a critical storage od of known 
severity is essential. 

19. AVERAGE AND PEAK WATER REQUIREMENTS FOR FARM WJHER SUPPLY 

19.3.1 Average Daily Stock Water Requirements 

Investigations carried out in N.Z. and overseas have 
resulted in the pub 1 i catt on of observed rates of water 
consumption byl ivestock. Because of the nature of the 
factors influencing stock water consumptio~, there exists 
quite a divergence of opinion on this matter. The follow-
ing figures are put fO'(,ward as a reasonable basis for 
design. For further details refer to "Water Consumption 
of Sheep & Cattle in N.Z.", G. Harrington (1980) 
N.Z.A.E.I. Proj. Report 18. 

Litres/head/day 

Dairy cattle - in lactation 70 
- dry 45 

Beef cattle 45 
Calves 25 
Horses - working 55 

- grazing 35 
Breeding ewes 3 
Sows 25 
Pi gs 11 
Poultry - per 100 birds per day 30 
Turkeys - per 100 birds per day 55 

19.3.2 Average Daily Domestic Consumption 

The following figures are suggested as reasonable: 

Household use including septic system - 180 litres per 
person per day; 

Household use excluding septic system - 135 litres per 
person per day. 
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19.3.3 Average Daily Garden Consumption 

(To be used for the desi gn of pumping and reti cu1 ati on 
equ i pment) Å 

Lawns and gardens for the growing of flowers, fruit and 
vegetab1 es are an essenti a1 part of every farm homestead 
and require much larger quantities of water than are used 
in the house. 

The quanti ty of water used each day on the house garden 
can be obtained by relating the consumption to the evapo-
transpiration as given in the expression C = 8000 Et. 
Where C = consumption in litres per day per hectare 

Et = daily evapotranspiration for pasture in 
millimetres for the month of January. 

In deriving this relationship it was assumed that the 
quanti ty of water used on the average house garden woul d 
be only 80 per cent of the evapotranspiration for complet-
ely vegetated surfaces having a plentiful supply of water. 

In view of the quantity of water used on a house garden it 
is most essenti a1 that the area of the garden that is 
actually watered be carefully measured. 

19.3.4 Average Consumption on General Farming Activities 

Water, in additi on to bei ng requi red fo," househo1 d and 
stock purposes, must also be provided for other farming 
activities. It is required in the dairy for the cleansing 
of equipment and the washing down of bails; in the pig-
gery for washing down purposes; on the fruit farm for 
spraying; and on the grazing property for dipping purpos-
es. 

It should also be provided for use when required as a 
protection against fire. This important aspect is gener-
ally neg1 ected and there is no doubt that if sati sfactory 
suppl ies had been available, much of the loss in human 
1 ives, stock and farm buildings that has occurred from 
time to time could have been averted. 

The quantities of water given below are suggested as being 
suitable for carrying out the above farming activities: 

(i 1 Dairy: 

( iil Piggery: 

Cooling, cleansing of equipment and 
washing down of bails and other areas 
- 70 litres per head per day. 

Washing down of pens - 1500 litres per 
day per 100 square metres of area to 
be c1 eaned. 
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(iii) Sheep Dip: The quantity used varies with the 
method of dipping and is generally 
carried out once a year. 

( i v) 

(v) 

Insecticide 
Spraying: 

Fire 
Fighting 

Spray Dip - 1.6 litres per sheep for 
sheep 2 weeks off shears. 

- 2.5 litres per sheep for 
sheep 2 to 6 weeks off 
shears. 

- 5-7 litres per sheep for 
sheep over 6 weeks off 
shears (capacity of sump 
1,000 to 2,000 litres). 

Plunge Dip - Because of the greater 
wastage the above figures 
should be increased by 25 
to 50 per cent (capacity 
of average dip 5,000 to 
7,500litres). 

Citrus - 18 litres per tree 4 to 5 
times a year (average sf ze of spray; n9 
vat 350 to 550 litres). 
Other fruit - 9-14 litres per tree 
8-12 times a year (average size of 
sprayi I1g vat 350 to 550 1 itres). 

1200 litres per 10 m2 of buildings. 

19.3.5 Long Term Demands in Domestic and Stock Supplies 

The source of supply for a stock and domestic scheme will 
be either a permanent watercourse, a well, a bore or a 
dam. Where the supply comes from a dam there must be suf-
ficient capacity to meet the stock and domestic require-
ments for the longest period between repl enishment from 
surface runoff. For most of New Zealand it can be assumed 
that the dam will be replenished once a year. 

The average daily consumpti on 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 
wi 11 vary to some extent because of chan ges in c1 imati c 
conditions and the ages of the animals. It is suggested, 
therefore, that the long term requ i rements for stock be 
deter-mi ned on the bas is that the daily consumpti on for the 
period between replenishments is 75-80 per cent of the 
average daily requirements in the case of sheep and 80-85 
per cent in the case of other stock. 
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The quanti ty of water used on the house garden over any 
period extending beyond several months and in different 
localities varies between wide limits. A greatly exag-
gerated figure is obtained for the long term demand if the 
total consumption for the period between replenishments is 
based solely on an average dai on. 

It is cons; dered therefore that 
water needed to produce sat; 

the actual quantity of 
growth of the gal'den 
ned hay; ng regard to 
be done by us; ng the 

during this period should be 
location and rainfall and this can 

on: 

C 10,000 (0.8 Et - R) 

where C total on in '1 itres per hectare 

Et = monthly evapotranspiration for pasture in 
mill imetres for each month of the growing 
season. 

R Three quarters of the sum of the average 
monthly rainfall for the cular locality 
and growing season. 

19.3.6 Storage Provision of Tanks and Dams filled by Pumping 
or Gravity from a Source of Supply 

(il For windmill operated pumps, three to five days. 

(i i) 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 suppl ies 
are avai 1 abl e and stock can be moved to these 
supplies without great inconvenience then no stor-
age is necessary. On the other hand if no a lter-
native supply exists, at least two days supply 
shoul d be kept in storage. Thi s storage shoul d be 
isol ated from the main supply as often the break-
down is not noticed until all storage in the system 
is used and the troughs are dry. 

19.3.7 Pumping Rates for Filling Storages from Supply 

To determine the pumping rate to replenish a storage tank 
or dam, consideration should be given to: 

(i) Type of pumping equipment to be used; 
(iil Nature of the supply. especially where withdrawal 

rates could approach low flows; 
(iii) Accessibility of pumping equipment; 
(tv) Possibility of using off-peak power at special 

rates. 
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The following points are listed for design purposes and as 
a general guide: 

(i) For trunk mains to storage reservoirs, tanks etc., 
by power dri ven pump, di scharge rate to be based 
upon filling storage in approximately 12 hours. 
However, in the case of an el ectri ca lly operated 
pump and a 1 arge storage tank there is no reason 
why a pumping period of 24 hours cannot be used. 

(ii) For trunk mains to storage reservoirs, tanks etc. 
by windmill driven pump. 

Minimum discharge 1 itre/hour '" 1/10 to 1/8 total 
daily demand in litres depending upon make of mill. 

19.3.8 Maximum Rates of Consumption for Domestic & Stock 
Purposes 

(il Household Supplies: 

To calcul ate the maximum f'low rate to a house it is 
fi rst necessary to 1 i st a 11 the outl et poi nts in 
the house and then to make a rational estimation of 
how many of these pOints are likely to be used 
simultaneously during peak periods. 

The discharges of various outlet points within a 
household are as follows: 

Shower, bath, laundry 
Toilet cistern 
Kitchen sink 

14litres/minute 
7 1 itres/minute 

11 litres/minute 

For example in a household of two adults and two 
children it would be reasonable to assume that 
around tea time the shower, kitchen sink and toilet 
cistern could be in use simultaneously hence the 
total flow would be: 

Shower 
Toil et 
Kitchen Sink 

(ii 1 Stock Supplies: 

14 litres/minute 
7 litres/minute 
11 litres/minute 
32 1; t res/l1!.i...l!,u_te 

The lack of definite information on stock drinking 
habits makes any estimate of peak rate of demand to 
stock supply points open to argument. 
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It is suggested that peak demands be determined on 
thp. bas is that the average daily consumpti on is 
used on a period 3 to 4 hours in case of set 
stocking in large area paddocks and 10-12 hours for 
intensive stocking on small sub-division paddocks. 

(iii) General Farm Supplies: 

Suggested values for the maximum rates at ~Ihich 
water will be used in general farming activities 
are outlined below: 

(a) Dairy - c"leansing 11 litres/min/outlet 
- washing down 141itres/min/outlet 

(b) Piggery 14 1 itres/min/outlet 

Ic) Insecticide 

(d) Fire fighting 

ng 70-90 litres/min into 
the spraying vat or at 
such a rate that this 
can be filled in a per-
iod of 5-7 minutes. 

100-150 litres/min at a 
head of 25-35 m. 

(;vj Garden Supplies: 

The maximum rate at which water is used on a house 
garden depends mat nly upon the si ze 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 
1 i tres/mi nute. For a very 1 arge garden it may be 
necessary to operate two sprinklers simultaneously, 
hence the requi red fl ow rate woul d then be 30 
1 itres/mi nute. 

19.4 FACTORS INFLUENCING COST OF IRRIGATION SYSTEM 

(f) 
(i ;) 
( iii) 

(i v) 

(v) 

( vi) 
( vi i ) 

(vi i il 
(i x) 

The soil type and depth. 
The crop( s) to be grown. 
The shape and dimensions of the area to be irriga-
ted. 
The di stance from the Y/ater source to the edge of 
the irrigated area. 
The maximum height of the area above the level of 
the water source. 
The topography of the irrigated area. 
The existence of any restriction on daily pumping 
time. 
The availability of electricity. 
Water or scheme charges. 
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19.5 ESTABLISHING THE WATERING CYCLE 

In establ ishing the watering cycle, several factors must 
first be accounted for: 

(i) The frequency of irrigation. ( in 
(i i i) 
(i v) 
(v) 

Maximum net application (mill;metres). 
Efficiency of application. 
Application rate. 
Other ; nputs of moi stut'e. 

19.5.1 Frequency of Irrigation 

The frequency of i rri gat; on is the maximum i ntervB 1 
between i rr; gati ons under peak crop requ; rements fGr the 
crop and soil type under cons; deration, assuming that ro 
naturai precipitation occurs in that interval, If the 
irrigat'ion plant is adequate to cope with this situation, 
it should be more than adequate to cope with crop require-
ments at all other stages. 

Frequency of irrigation ;s obtained by dividing the net 
avail abl e water in the crop root zone by the Deak daily 
water usage of the crop. To allow for a safety margin, 
approximately 70-80 per cert of this time is taken as the 
maximum cycle under peak conditions. 

19.5.2 Net Available Water 

Thi s ranges from 40-60 per cent of the total avail abl e 
mOl sture, the higher figure in general applying to the 
light soils. The figure normally used is 50 per cent. 

19.5.3 Total Available Water 

This is obtained by multiplying the total available water 
per metre of soil by the depth of the effective root zone. 

19.5.4 Total Available Water per Metre of Soil 

A table of total available water capacities per metre of 
soil for various typical irrigation soil types is given. 
These fi gures are for soil s of uniform texture throughout 
the effective root zone of the crop being considered, No 
allowance ;s made for the presence of a permanent or 
perched water table within this root zone. 
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19.6 SPRINKLER IRRIGATION DESIGN DATA 

19.6.1 Mean Available Water-Holding Capacities of Soils of 
Various Textural Classes 

Table 1 

Soi 1 Texture 

Sand 
Loamy Sand 
Sandy Loam 
Fine Sandy Loam 
Si It Loam 
Clay Loam 
Clay 
Peat 

Water Available 
Less than 0.3 Greater than 

0.3 metres (12 in) 0.3 metres 

Mi 11 imetres 
per metre 

150 
180 
230 
220 
220 
180 
175 

200 to 250 

Mi 11 imetres 
per metre 

50 
110 
150 
150 
150 
110 
110 

At least 
200 to 250 

NOTE 1:- Before Table 1 is applied to the soils of an 
area a suffi ci ent number of earth auger test hol es shall 
be put down to determine variations in the depth and 
textural class of the soil within the effective crop root 
depth. 

NOTE 2: - Where detai 1 ed detel"ll1i nati ons of the water-
holding capacities of soils have been made, the values so 
obtained shall be used in place of Table 1. 

Where no determinations have been made but the cl assifi-
cation of the soil to be irrigated is known in terms of 
the main soil groups defined by the New Zealand Soil 
Bureau, the available water-holding capacity of the soil 
may be predicted from the known properties of these groups 
rather than from Table 1. Mean values of measured avail-
abl e water-hol di ng capaciti es for several of these soil 
groups are set out in Table 2, including soils formed on 
volcanic ash, pumice or basalt. 
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19,6.2 Mean Available Water-Holding Capacities of Soil 
Groups in New Zealand 

TABLE 2 
Water avail abl e 

Millimet,'es per metre depth soil 

Soil 

Northern Yen 
Eilrths 

North Podzols 
Podzolized 

Brown Loams on 
Brown Granul ar 
(North Auckland 

Brown Granul ar 
(South Auck<1 

Yellow Brown Loams 
Yellow Brown Pumice Sari 
Central & Southern 
Yellow Brown Eal'tll:; 

Yellow Grey Earths 
Brown Grey Earths 
Organic Soils (Peat) 

19.6.3 A Guide to 501 

Depth from surface 
to 0.3 m Below 0.3 m 

175 

130 

160 
200 
260 

200 
220 
180 
to 250 

75 
120 
220 

110 

At least 
200 to 

(i) Coarse Sand the individual grains are 2 
mm ; n di ameter or arger and can be easi ly seen and 
felt. When moist the cast crumbles easily. 

(ii) Sand: This is similar to a coarse sand in texture 
and appearance, except that the i ndi vi dual grai ns 
are much smaller. 

(iii) Sandy Loam: The individual sand grains can be seen 
and felt but the silt and clay content is suffici-
ent to give some stability to a cast made from the 
moist soil. 

(iv) Fine Sandy Loam: This;s intermediate in texture 
and appearance between a sandy loam and a loam. 

(v) Loam: This contains sand, silt and clay in such 
proporti ons that none of the fract; ons is easi ly 
distinguished by sight or feel. The dry soil sl ips 
easily through the fingers, but the moist soil 
feels smooth (not sticky) and a cast can be handled 
quite freely without breaking. 

(vi) Sandy Clay Loam: When dry, a clay loam is inclined 
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to be cloddy unl ess the organi c matter is hi gh. 
When moist, it is slightly sticky and a thin rib-
bon, formed under pressu re between the fi ngers, 
breaks easily. The cast of moist soil is quite 
stabl e. 

(vii) Light Clay: This is intermediate between a clay 
loam and a clay. 

(v-iii) Clay: Clay soils are usually lumpy when dry and 
sticky \~hen wet. A thin ribbon of moist soili s 
quite flexible and can frequently be bent into a 
circle without breaking. 

19.6.4 Crop Root Zone 

Crop root zone is the depth of soil which contains the 
bulk of the roots (80-90 per cent) of a crop. The teble 
that follows is a guide to these depths for some selected 
crops and whi 1 e the roots of some may be traced to much 
greater depths, the contri but; on made by the deeper roots 
to the plants water requirements may be neglected. 
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TABLE 3 EFFECTIVE CROP ROOT DEPTHS UNDER IRRIGATION 

Crop Root Depth 

Vegetables 
Asparagus 
Beans 
Beetr'oot 
Broccoli 
Brussel Sprouts 
Cabbages 
Carrots 
Caul ifl owers 
Cel ery 
Cucumbers 
810be Artichokes 
Lettuces 
Onions 
Parsnips 
Peas 
Potatoes 
Potatoes (Sweet) 
Pumpkins 
Radish 
Rock r~e 1 on s or 
Canteloups 

Spinach (Silver Beet) 
Squash 
Swedes 
Sweet Corn 
Tomatoes 
Turnips (White) 
Water Melons 

Metres 
1.83 

.46 - .61 

.31.. .46 

.46 - .61 

.46 - .61 

.46 - .61 

.46 - .51 

.46 - .61 
.61 

.46 - .61 

.61 - .91 

.15.. .46 
.31 

.62 - .91 

.46 - .61 

.61 - .91 

.61 - .91 

.91 - 1.22 
.31 

.61 
.46 - 061 
.61 - .91 
.61 - .91 
.61 - .91 
.61 - 1.22 
.31 - .61 
.61 - .91 

Crop Root Depth 

Fruit Crops Metres 
Apples .76 - 1. 22 
Apri cots .61 - 1.37 
Berry Fruits .31 - .76 
Cherries .76 - 1.22 
Chi nese Gooseberry .31 - .46 
Citrus .61 - 1. 22 
Grapes .46 - .91 
Passion Fruit .31 - .46 
Peaches .61 - 1. 22 
Pears .61 .. 1.22 
Plums .76 - 1. 22 
Strawberri es .31 - .46 

Field Crops 
1.1 Barley .91 -

Lucerne 1. 22 - 1.83 
Maize .61 -
Oats .61 -
Rice - sprinkler 
i rri gated .61 -

Sorghum (grain & 
sweet) .61 -

Tobacco .61 -
Wheat .76 -
Pasture & Fodder Crops 
Choumoellier .46 -
Fodder Beet .46 -
Lucerne 1.22 -
Millett - Fodder .31-
Pastures - Annual .31-

Perennial .31-
Rape .46 -
Sorghum Alum .91 -

.91 

.76 

.91 

.91 
1. 22 
1.1 

.61 

.61 
1.83 
.61 
.76 
.76 
.61 
1.22 

19.6.5 Maximum Net and Gross Application 

Maximum net application is the amount of water required to 
repl ace that removed from the soil by the crop under pt'ak 
water conditions during the irrigation cycle. 

In quantity, it is equivalent to the net available water. 
Some water is 'lost' during the process of applying it and 
does not become available to the crop. 
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Maximum gross application is the amount of watet 
must be provided to achieve a certain net applicat"1 
the crop root lone. 
M" '" t" Maximum net application aXlmum gross app 1ca 10n = Efffcienc"Y-o~pllication 

19.6.6 Efficiency of Application 

For sprinkler irrigation systems, efficiencies within the 
range 80-90 per cent can be achieved with good equipment 
correctly used. 

For high temperature, low humidity and moderate wind 
conditions (2.2-4.4 km/h), the figure of 80 per cent 
should be used. For lower temperature, high humidity and 
light wind conditions (less than 2.2 km/h), the figure of 
90 per cent should be used. Efficiency of sprinkler 
systems should be estimated for the peak use period. 

For surface irrigation, efficiencies of application may 
fall as low as 60 per cent. For heavier (finer textured) 
soils, it is possible to achieve efficiencies of the order 
of 70-80 per cent. 

EFFICIENCY OF APPLICATION FOR VARIOUS 
IRRIGATION METHODS 

Method of Application Application 
Efficiency 

% 
Spray: 
(i) Night watering ......................... . 90 

80 
60 

(i i) Average day watering ................... . 
( ; i i ) Day watering in hot, windy weather ..... . 

Control flooding: 
(i) Border check Å...........Å............... 75 
(i i) Border ditch .... ,....................... 70 
(i i i) Contour check ........................... 75 

Semi-controlled flooding: 
(i) Contour di tch ..........................Å 60 
(i i) Keyl i ne system .......................... 65 
(iii) Wild flooding, little or no land 

preparation and no spreader banks Å.Å.... 50 

19.6.7 Application Rate 

Application rate should be varied according to the infil-
tration rate of the soil, the average slope of the irriga-
ted area, the degree of plant cover, the soil surface 
phenomena and the total application. 
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For spray irrigation systems, application rate determines 
the time necessary to apply the required depth of water. 
Thi sin turn, wi 11 govern the i nterva 1 between shifts and 
thus the number of shifts possible per day. The greater 
the daily pumping time that can be utilised, the smaller 
the discharge rate required from a pumping unit for a par-
ticular gross application area and irrigation cycle. 
Therefore, wherever it is suitable, select the rate which 
will require the highest possible daily pumping time, but 
which still allows two shifts to be made per day. For 
medium pressure systems, rates from 6 to 20 mm per hour 
are normally recommended. The rate used should not exceed 
the maximum rates specified in Table 4. 

TABLE 4 : ESTIMATED MAXIMUM WATER APPLICATION 
RATES FOR DESIGN 

Soil Groups Based on Slopss* S60pes*0 Slopes* 
Texture and Profile 0-8 9 -12.5 over 12.50 

mm 10m 10m 
per hr per hr per hr 

Sands and light sandy 
loams uniform in tex-
ture to 1.82 m pumice 31.8 25.4 20.3 

Sandy loams to .61 10 
overlaying a heavier 
subsoil 20.3 16.5 12.7 

Medium loams to sandy 
cl ays over a heavier 
subsoi 1 16.5 12.7 10.2 

Clay loams over a cl ay 
subsoi 1 12.7 10.2 7.6 

Sil t loams and si It 
cl ays 10.2 7.6 5.1 

Cl ays 6.4 5.1 3.8 

Peat 16.5 

* 0_80 - level to undulating 
** 90_12.50 slope - undulating to low hills 
*** over 12.50 slope - low to steep hills. 

NOTE 1: The above figures are intended for guidance only. 
Where detail ed soil surveys and i nfi ltrati on experiments 
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have been carried out, or where reliable application rate 
data are avail abl e for a simi 1 ar soi 1, the fi gures so 
established for application rates shall be used. 
NOTE 2: For bare cultivation such as undertree watering 
of orchards and wateri ng of vegetabl es, the above rates 
sha 11 be reduced by up to 50 percent (to avoi d soil loss 
or damage to structure). 

NOTE 3: Lighter application rates shall 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 1 hour to 
apply 25 mm but 3 or 4 hours to apply 50 mm. 

19.7 TRICKLE IRRIGATION 

It is a simple, efficient method of delivering water to 
pl ants. Permanent drops such as berryfruit, fruit and 
ornamental trees are most suited to trickle irrigation. 

Advantages: 

(i) 
( it) 
(i i i) 

(iv) 

(v) 

(vi) 
(vi i) 

Low cost of installation, maintenance and materials; 
Low labour input in operation functioning; 
F01 iage and fruit are not continually wet - pl ant 
disease not such a risk; 
Effi cient use of water provi ded management is cor-
rect. 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; 
Little hindrance to normal horticultural activities; 
Evidence from overseas indicates better yields and an 
improved standard of saleable products. 

Disadvantages: 

(i) Filtration may be difficult in some areas; 
(i i) Unabl e to be used for frost protecti on as spri nkl er 

is; 
(iii) Overwatering may occur unless system is carefully 

regulated. 
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19.7.1 Water Sources 

Almost any is suitable for trickle irrigation as the 
system works on lower flow rates than conventional. The 
pressure frequently requi red may vary from 1-40 m head 
(10-400 kPa) a1 though 6-12 m head (60-120 kPa) is Y'eCOI11-
mended. 

19.7.2 Components 

Filtration: water analysis is essential to test total 
solids, hardness, phosphate and iron in the water. Can be 
arranged by ~.A.F. 

Blockages occur easily in small microtubes and suitable 
fi 1 ters shoul d be incorporated. M-i crotube and dri ppers 
have small holes to control I'later flow which tends 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. 

Water 
source 

I 

~------------------------------------~ 
: BasiC components of trickhi! irri23tion. 

Minimum filtration would be in a line strainer of B.S. 100 
mesh (150 microns), {for algae B.S. 50 mesh (300 mic-
rons)) Å 

The element must pass the requirt?d flow and the filter 
body must be able to withstand the operating pressures. 
Use a stainless steel element which clogs from the out-
side. 

Fit a pressure gauge each si de of the fi lter. Any si gni-
ficant drop in pressure indicates the filter is blockecf. 
All gauges used shoul d be 0-250 kPa range. 1v1ount the 
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gauges side by side so the pressure difference can be seen 
at a glance. Gauges are turned on only when being read. 

Gravel-sand fi 1 ters are used where suspended sol ids or 
iron particles must be removed. Screen or ceramic filters 
are suitab1 e for reasonab1 equal ity water and re1 ati ve1y 
cheap. 

19.7.3 Pipes 

Each system - own design. Components used: header pipes, 
1 atera 1 s, and out1 ets. 

Sub-main or header pipes are usually 38-50 mm commercial 
grade, low density, polythene pipes; but smaller dimen-
sions are suitable in some circumstances. P.V.C. header 
pipes may also be used. Laterals - thin walled po1ythene 
pipes 10, 13 or 16 mm in diameter. They are normally laid 
out on top of the ground so 'whiskers' can be easily 
checked. 

Microtuoo 
or 'whisker' 

Header pipe of 38 or 50 mm 
diameter polythene 

~,owrebV 
foidiOl9 over pipe 
and slceving with 
larger diameter pipe 

Microtube layout. 

Commonly used microtubes or whiskers sizes are 0.5 and 0.9 
mm. 

14icrotubes are installed as the last step of the system. 
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Pressure/discharge/length curves of 0.54 mm diameter 
microtube: 

14 

12 

11 

10 

9 

5 

4 

2 

o ~--.----.---r---,---.----r---~--~ o 10 20 30 40 50 60 70 BO 
LENGTH OF MICROTUBE - em 
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Pressure/discharge/length curves for 0.89 mm diameter 
microtube: 

14 

13 

12 

11 

3 

o 
o 

I , I I i 
20 30 40 50 60 

LENGTH OF MICROTUOE - em 
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19.7.4 Watering Rate 

The actual rate varies according to cl imate and the 
physical properties of the soil and the property 1 ayout. 
For berryfruits and small shrubs 1 litre/hour ;s often 
adequate and for larger trees and shrubs 4.5 litres/hour. 

19.7.5 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 and the number of 
whiskers used depends on plant 5ize and soil type. 

19.7.6 Daily Water Requirements 

Tota 1 dai ly water intake depends on pl ant si ze and th~ 
level of evapotranspiration. Approximately 3.5 litres/m 
of foliage/day is the peak water requirement during ~ecem
her, January and February. For example, a tree 14 m will 
require 49 litres/day as a peak requirement. These figur-
es are an approximate guide. 

19.7.7 Fertiliser Requirements 

Often extra growth due to a response to water in pl ants 
needs extra fertiliser. It may be essential through lack 
of rainfall to apply fertil ;ser through the system. They 
are most efficient appl ied in a soluable form to prevent 
blockages. 

It is strongly Y'ecommended that expert advi ce ; s obtai ned 
before installing trickle irrigation in a commercial 
scheme greater than 2.3 ha. 

19.8 PUMP CHARACTERISTICS 

19.8.1 Pump Total Head, HT 

Various terms are used to describe the pressure output for 
a particular pump. The correct term is pump total head 
(HT) which is 'the head imparted to the liquid by the 
pump' . 'Head' is pressure expressed in terms of the 
verti cal he; ght (i n metres) of a water col umn whi ch wi 11 
give rise to an equivalent pressure: 

1 m head water = 9.81 kPa 
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Suction 
water 
level 

Diagram Portraying Various Definitions 

Datum 
Definition of Head Terms 
Hz - static head of discharge 
Hx - static head at suction 

Pump tota 1 head is the difference between the tota 1 head 
at the di scharge fl ange (H,o) of the pump and the total 
head at the suction flange lHS). 

HT = HO - HS 

Total suction head (Hs) may be positive or negative. If a 
datum is taken througn the centreline of the pump (refer 
to diagram), then if suction water level is below the pump 
HS is negative, and if above will be positive. 

Total discharge head HO is the sum of the following terms: 

( iii) 

(i v) 

Static head H: this is the vertical height above 
the datum to the point of discharge (see diagram); 
Friction head h: this is the loss in pressure, 
between the I pu~p and di scharge due to fri cti on 
loss in pi pe and fi tti ngs I at a parti cul ar flow 
rate (Q); 
Velocity head (Hv): this is pressure expressed2in 
terms of the velocity (v) of the water (Hv = V /2 
g); 
Residual head (HR): this is the gauge pressure 
required at the point of discharge. It may be the 
head requi red to operate a devi ce such as a 
sprinkler or nozzle or trough valve. 

I n summary: 

HD Hz + hL + Hv + HR 

Very often Hv is small and can be ignored. 
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Total suction head; H, is the static head (H ) on the 
suction side minus friciion loss (h s ) in the suclion pipe. 

H = H - h s x s 
Where Hx will be positive if the suction water level is 
above t~e datum and negative if below. Friction loss, hs' 
is loss due to friction in the suction pipe and fittings 
such as foot valves and bends. hs is often insignificant. 

Example: 

Consi der a situati on as in the above di agram, where Hz = 
30 m, H = 2.5 m. Requires a residual head at the reser-
voir (H~) of 1.5 m to operate a valve. The flow rate is 
120 1 itres/minute and pipe size is 40 mm polythene, the 
length of pipe is 400 m. Suction is 50 !lIlI diameter, 4 m 
long. 

Oischarge head HO' 

(i) H = 30 m 
(ii) FFiction head - from polythene pipe friction loss 

curves, friction loss of 120 1 itres/minute is 9 
m/lOO m. Equivalent length for fitting is 6 m 
thus: 

hL = 9 x 4.06 = 36.5 m 
(iii) Velocity head - velocity at 120 1 itres/minute in 

40 mm pipe = 1.8 m/second. 

(i v) 

V2/2g = 1.82/2 x 9.8 = 0.16 m - ignore 

HR = 1.5 m 
Therefore: HO Hz + hL + HR 

30 + 36.5 + 1.5 
68 m 

Suction head: Hs 

Hx = -2.5 
From pipe chart: hs 

Hs 

Pump total head: HT 

HT 
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19.8.2 Pump Discharge, Q 

Pump discharge is the flow rate of water from the pum~ 
outlet and is expressed as volume per unit time, e.g. mV 
per hour, litres/second, litres/minute. 

The flow rate requ i red wi 11 depend on the pu rpose of the 
pump system. 

19.8.3 Water Power (W.P.) 

The water power output from a pump can be expressed in 
terms of the pump total head, HT, and pump discharge, Q as 
in the following equation: 

W.P. = K x Q x HT 
Where K is a constant whi ch depends on the density of 
water and the uni tSJ of Q, P and W. P. I f water density is 
taken as 1000 kg/m then the val ue of K wi 11 be as fol-
lows: 

Units of 

W.P. Q 
kW curnee 
W l/sec 

W m3/hr 
W 1 /mi n 

Where kW is kilo Watts 
W is W~tts3 
cumec 1S m per sec 
1 is litres 
m is metres 

Example: 

In the previous example: HT 

Value of K 

H 
m 9.81 
m 9.81 

m 2.72 
m 0.16 

70.6 m 

Q 120 l/minute 

Therefore: W.P. 0.16 x 70.6 x 120 
1346 Watts 
1.36 kW 
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19.8.4 Pump Efficiency 

The power delivered by an electric motor or engine to the 
shaft of a pump is known as the brake power (Pb ). Pump 
efficiency is the ratio of the water output (~P.) from 
the pump to the brake power Pb or power input to the pump. 

Efficiency % = W.P. x 100 
""b 

Therefore, if efficiency and W.P. are know~. t~en Pb can 
be estimated by rearranging the above equatlon 1.e.: 

Pb = W.P. x 100 
Effi ci enc,Y"%" 

If, as in the previous example, W.P. is 1.36 kW and 
efficiency ;s say 65% (which is common for a centrifugal 
pump) then: 

Pb = 1.35 x 100 = 2.1 kW 
65 

The pump's efficiency, for a given duty, (duty being the 
head and discharge) should be available from the pump's 
manufacturer. 

For a pump powered with an electric motor, the power 
consumed by the el ectri c motor and hence the runni ng cost. 
can be estimated if the efficiency of the electric motor 
is known. If, in the example, electric motor efficiency 
is 85%, and the motor is directly coupled to the pump 
(i .e. coupl ing efficiency 100%), the power consumed by the 
electric motor will be: 

2.1 x 100 = 2.5 kW g-

19.8.5 Suction Capacity 

All pumps have a limited suction capacity, and this 
capacity should be specified by the manufacturer. The 
maximum theoretical vertical lift a pump can achieve is 10 
m, however, in actual practice problems such as cavitation 
and reduced performances arise if pumps are subjected to 
lifts greater than about 6 m. 
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19.8.6 Pump Selection 

There are various types of pumps designed to perform 
specif; c functi ons. Most cOrmlonly used for farm water 
supply and irrigation are: 

(i) Positive displacement pumps: 
(a) Piston pump; 
(b) Helical rotor pump. 
These pumps are suitable for water supply schemes 
requiring a relatively low flow rate and high 
pressure output. 

(ii) Centrifugal pumps: 
These pumps are more suitable for irrigation 
schemes where high flow rates and moderate discha-
rge pressures are requi red. 

(iii) Axial flow pumps: 
These pumps are most suited to duties of very high 
flow rate and very low discharge pressures such as 
might be required in a large drainage scheme. 

The three basic criteria in pump selection are: 

(il Hydraulic capabilities: 
This is the pump's capacity to meet the required 
hydraul ic duty, namely, the required head and 
discharge. The pump's efficiency at the operating 
duty should be considered as this relates to its 
running cost. The higher the efficiency the less 
the running costs. Other factors to consider 
would be the pump's suction capacity, overloading 
characteristics and shape of pump curve. 

(ii) Mechanical reliability: 
The importance of mechanical reliabil ity will 
depend on the particular circumstances. A pump on 
a site wi th diffi cult access may need to be 
particularly reliable. The quality of water being 
pumped will effect reliability particularly with 
respect to seals and bearings. Other pump speed, 
coupling method, motive power and priming require-
ments. 

(iii) Cost. 
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19.9 SPRAY IRRIGATION SYSTEMS 

19.9.1 Pumps 

Surface Submersible 

Limitations 7.5 metre depth Any depth 

Maintenance 

Costs 

Electricity Cost 

Efficiency 

Well diameter rest-
ricts pump size. 

Simple More difficult 

Approx. double 

Much less 

Higher 

* No detailed comparisons can be made as the correct 
choice of pump depends on the individual situation. 

USEFUL CONVERSIONS (APPROX.) 
1 acre/inch (1 inch/ac) = 22,500 gal = 102,150 litres 
1 gallon/minute (G.P.M.) = 0.0758 litre/sec. 
1 pound/square inch (P.S.I.) = 6.895 kilopascals kPa 
1 cubic foot/sec (Cusec) = 374.4 G.P.M. 
1 cubic metre/sec m3/sec (Cumec) = 35.3 Cusec 
1 litre = 0.22 gallon 
1,000 litre = 1 cubic metre 
1 inch of rain = 100 points = 25 mm 
Electricity 1 horsepower (H.P.) = 0.75 kilowatt (kW) 
1 kW uses 1 unit of electricity/hour. 
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19.9.2 Irrigation Comparison 

There are now 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 ircrease: 

Handshift (cheapest and highest labour) 
End-tow 
Travell ing gun 
Side-roll (and travelling side-roll) 
Travellirg, rotating boom 
Travelling linear boom 
Centre pivot (most expensive and lowest labour) 

Once suitabil ity to the crops envisaged is establ ished, 
economic comparisons can be made on a total annual cost 
basis. Technical information is available from manufac-
turers and suppliers. 
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1909.3 Travelling Irrigators 

Big Gun Dome Roto-Rainer Turbo-Ra i ner Fixed Boom LHW 

Company Andrews & Harvin Briggs Homersham Southern C,"oss 
Beaven 

Range of crops All All All All All 

Output 1 itre/sec 10 - 44 11 - 23 7 - 42 up to 40 up to 40 

Pressure kPa 400 - 600 300 - 400 200 - 280 70 280 
at 60 - 90 45 - 60 30 - 40 10 40 
Spri okl er PSI 

Area/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 app 1 n mm 33 - 90 40 - 65 up to 90 5 - 95 30 - 90 

Labour per shift 1/2 hour 1/2 hour 1/2 - 1 hour 1 hour 1/2 - 1 hour 

Tractor requi red yes yes yes yes yes 

Boom operati on fixed rotating fixed fixed 

Ground wheels wet or dry dry wet dry ? 
travel on 

Caution if strong following wind dry land can get wet in front of wheels 

Other Easily affec-
ted by wind. 
H; gh pres-
sure. 

No winch. 
Follows 
hose rou~d 
curves. 3 
speeds, 

Big droplet 
size. Tr'avel 
geared to 
rotati ng 
boom. Good 
for pasture. 

Ul tra low pres-
sure. Requi res 
smaller main-
l~r.e. Least 
wind affected. 

Piston driven. 
Even speed t.-avel. 
New 1980. 



19.10 WORKING LIVES FOR FARM WATER SUPPLY EQUIPMENT 

19.10.1 Storages 

We 11 s an d bores 
Windmill 
Pumphouse or shed 

19.10.2 Pumps 

Deep-well turbine pump: 
Bowl 
Column etc. 
Centrifugal pump 
Low lift, high discharge, 
axial flow pump 

19.10.3 Motors 

Electric motor 
Diesel engine 900 rpm or 
more 

Less than 600 rpm 
Petrol engine air cooled 
water cooled (1200 rpm +) 
water cooled (less than 

1200 rpm) 

19.10.4 Miscellaneous 

Asbestos-cement pipeline 
Aluminium sprinkler line 
Galvanised sprinkler line 
Sprinkler head 
Earth irrigation ditches 
Concrete irrigation ditches 
Catch drains 
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25 years 
20 years 
20 year's 

16,000 hours or 8 years 
32,000 hours or 16 years 
30,000 hours or 15 years 

30,000 hours or 15 years 

50,000 hours or 25 years 

28,000 hours or 14 years 
50,000 hours or 15 years 
8,000 hours or 4 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 
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20. PEST CONTROL 

20.1 WEED CONTROL 

20.1.1 Introduction 

Th-ls section deals with the chemical contro"1 of weeds, 
listing by c"'op the suitable chemicals (common and trade 
names), some 0 f the weeds they are expec ted to cont ro 1 , 
their rates of application of product per hectare and the 
time of appl ication. There are accompanyin~ comments that 
are relevant to the chemicals use, e.g. 'Do not use on 
legumes" and "Safe on all cereals". This section is 
intended as a guide only. Some of the chemicals are only 
tentatively recommended, e. g. ethofumesate (Nortron) for 
annual weed control. These chemicals have not been regis-
tered in New Zeal and as suitabl e control agents for the 
weeds considered, although they are very likely to be 
accepted in the near future. 

In some instances preferential endorsement of a product is 
i ndi cated on the basi s of tri al use and farmer use. 
Criticism of similar products is not normally implied. 

Trade names for chemicals are used only to acquaint the 
reader with some of the avail ab 1 e chemi ca 1 sand thei r 
ma tchi ng COfllllon name. We do not intend any preferenti a 1 
endorsement of any product. Nor is criticism of similar 
products implied. Note that rates of product per hectare 
may depend on weed si ze and age, growth cond iti ons and 
soil conditions; and on the formulation of proprietary 
chern; cal s used. The 1 abel recommendati on of the chosen 
product shoul d always be follov/ed. If in doubt, seek 
advi ce from the 1 oca 1 Mi ni stry of Agri cultu re & Fi sheri es 
Advi sory Offi cer or the chern; ca 1 company Fi e 1 d Represent-
ative. Unless otherwise stated chemicals should be 
applied in 200-250 litres of water per hectare. 

Remember to: 

Read the instructions on the chemical container and follow 
carefully. 
Take suitable precautions against contact with chemicals. 
Wash affected skin with water as soon as possible. 
Prevent poisoning, especially of children, by storing 
chemicals in a locked shed and prevent"ing access to the 
material in the field when applying. 
Be awa re of the fi rst aid measu res to take if someone is 
accidentially poisoned. 
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20.1.2 Weed Control 

Crop 

Brassi cas, 
oil seed 
rape 

Chern; ca 1 Names 
COll1llon Trade 

TrHlural;n Trefl an 

Nitralin Pl anav;n 75 

Nitrofen Tok E - 25 

Chl orn; trofen Fodderkl een 
+ Pi cl oram 

Oesmetryne 

Oi camba 

Oi camba + 
nitrafen 

Semeron 

Various 

Fodagard 

Used for 
Control 1 i n9 

A wi de range of 
annual broadleaf 
and grass weeds 
in all brassicas. 

Rates of Time of Comments 
Application of Application 
Product/Hectare 

2 - 31itres Prep 1 ant spray and W; 11 not cont ra 1 wil d 
soil incorporated. turnip, shepherd's 

purse, black night-
shade, mallOW. storks-
bill or perennial 
weeds. Used; n all 
brassicas. 

As for trHluralin. 1.1 - 1.5 kg As for Tr;fl u-
ral; n. 

As for trifluralin. 

Annual weeds, e.g. 8 - 12 1 itres When weeds are 
small seedl ings. 
10-14 days after 
crop has struck. 

spu rrey, f athen. 
willow weed. 

Californian thistle 
and other annual 
weeds. Does not 
control storksbill. 

Annual weeds. red 
root, wi 11 ow weed 
at 1 ater stages of 
growth than waul d 
be controlled with 
nitrofen. 

California thistle. 
f athen. willow 
weed and other 
annual weeds. 

As for ni trofen 
and di camba 

4 - 61itres Best resul ts wi th 
low rates of 
application to 
young weeds. 

1.0 kg When crop has at 
1 east four true 
leaves. 

0.7 - 1.5 1 itres When crop has 4-8 
true 1 eaves. 

4 - 6 1 itres When crop has 4-8 
true 1 eaves. 

Can be used on all 
brassicas. 

Toxic to legumes. 
Will not control stork-
sbill. Will check and 
may di stort soft turn-
; ps and swedes if crop 
is under water stress. 
Do not pl ant potatoes 
or legumes within two 
years. Do not use on 
0; 1 -seed rape. 

Only used on kal e. Do 
not spray in hot weat-
her or if crop is under-
sown with pasture 
species. Do not use on 
swedes or oil seed rape. 

Tox;c to legumes. Bras-
sica crops are only 
partially tolerant to 
di camba. 

As for dicamba. 
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Crop 

Cereal s: 
Wheat, Oats, 
Barl ey, Rye-
corn 

Chemical Names 
COlTl1lon Trade 

MCPA Various 

Used for 
Controlling 

B1 ack nightshade, 
Californian thistle, 
docks, fathen, hedge 
mustard, penny cress, 
stinging nettle, 
shepherds purse, 
tares, wild turnip. 

Rates of Time of 
Application of Application 
Product/Hectare 

2.25 - 4 I itres Oats: after 3 
1 eaf stage. 
Barl ey & Ryecorn: 
after 4 leaf stage. 
Wheat: after 5 1 eaf 
stage. Do not spray 
after 2nd node has 
appeared. 

Comments 

Toxic to legumes, but 
safe to use on all 
cereal s. 

2,4-D amine Various All MCPA - suscep- 2 - 4 1 itres Wheat, barley and 
ryecorn between 5 
leaf and early 
boot stage. 

Do not use ester formu-
1 at; ons. Do not use on 
oats. 

MCPB 

2,4-DB 

MCPA + 
bromoxyni 1 

Var; ous 

Various 

Brominal M 
Buctril M 

tible weeds plus 
cornbind and willow 
weed. 

As for MCPA but less 2.25 - 4 I itres 
effective against 
shepherd I s purse 
tares and wild 
turnip. 

As for MePA pl us 
cornbind, willow 

MCPA - suscepti bl e 
weeds pl us da1 sy 
weeds, wireweed, 
willow weed corn-
bind and yellow 
gromwell. 

2.5 - 4 1 itres 

1.5 - 2 1 itres 

After 2 leaf 
stage and before 
3rd joint is 
detectable. 

Use if crop is undersown 
wi th 1 egumes but not 
1 ucerne. 

As for MCPB Use if crop is undersown 
with white clover or 
, ucerne. 

From 4 leaf stage Cereals tolerate this 
to early jointing. mixture better than MCPA 
Best resul ts on + dicamba. 
seedl ing weeds. 

Mecoprop + Axall 
bromoxynil + 

As for MCPA bromo-
xynil. 

2.5 - 3.0 litres From 3 leaf stage 
to early jointing. 

loxynil 

MCPA + 
bromoxynil + 
3,6-Dichloro-
picolinic 
acid 

MCPA + 
di camba 

Lontrel Cereal As for MCPA + bromo-
xynil. Better control 
of thistles, but poor 
control of chickweed 
and spurrey. 

Bandamine M 
Bandone M 

MCPA - susceptible 
weeds, chickweed, 
cornbind and spur-
rey. 

3 1 itres 

2.5 - 3litres 
+ up to 150 9 
a. i. of dicamba. 

MCPA + 2,3,6- Pestco 18-15 MCPA - susceptible 5 - 6 litres 
TBA weeds plus c1 eavers 

and mayweed. 

From 3 leaf stage 
to early jointing. 

Between 5 1 eaf 
stage and j oi n-
ting. 

As for MCPA/ 
dicamba. 

Toxic to legumes. 
Clean equipment thor-
oughly after use. 

Toxic to legumes. Safe 
on wheat and barl ey. 
Clean equipment thor-
oughly after use. 
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Crop 

Wild Oats 
Control 

Chemical Names 
Common Trade 

Mecoprop 

Oi chl orprop 

Prometryn 

Methabenz-
thiazuron 

Mixtures: 

Mec 40 

Oyprop 

Gesagard 

Tri bunil 

Oi chl orprop- Tri cornox 
bdsed Spec i a 1 

Tri dent 
Super Cearex 
Oich1ormix M 

Mecoprop- Mecomi x M 
based 

Cearex 

York Mecom; x 

Used for 
Controlling 

Rates of Time of 
Application of Application 
Product/Hectare 

MCPA - susceptible 5 - 8 litres 
weeds plus chick-
weed, c1 eavers and 
fum; tory. 

MCPA - susceptible 5 - 6 litres 
weeds pl us spurrey. 
cornbind, willow 
weed and wireweed. 

Annual weeds 0.75-1.5litres 
including willm" 
weed, wire weed, 
spurrey, yellow 
gromwell and fumitory 

Most a'lnual weeds. 
MCPA required for 
thi stles. 

2 - 2.5 litres 

4.5-6 1 itres 

3 1 itres 
4 1 itres 
4 1 itres 
5litres 

4 1 itres 

4 1 itres 

Retween 2 1 ea f 
stage and join-
ting. 

Between 3 leaf 
stage and early 

3-4 1 edf stage 
when weeds are 
small. 

5 1 eaf stage to 
jOinting. 

A 11 these pro-
ducts shoul d be 
appl ~ed betwi,:en 
the 5 1 eaf stagE: 
and jointing. 

Comments 

Safe on all cereal s. 
Toxic to legumes. 

Toxic to 
Safe on cereals. 

Do not use on undersown 
crops. If Californian 
thistle as 
well, use 
prometryn + 1.5 1 itres 
of MCPA. 

~1oi st soil surface 
conditions required for 
best results. 

A 11 these products are 
toxic to 1 egumes. They 
control a wi de spectrum 
of weeds - there is 
1 ittle to choose between 
them. 

Tri -all ate Avadex BW Wild oats in spring 3.5litres Preplant spray. 
Incorporate into 
soil i!llmediately 
after spraying. 

Less reliable in autumn/ 
wi nter sown crops. 

Oi cl ofop-
methyl 

Oi fenzoquat 

Triallate 40% wheat and in barley. 
EC 

Hoegrass 36 
EC 

Avenge 

Wild oats in wheat 2.5 - 3 litres 
only; also Phalaris 
minor. 

Wi ld oats 5 1 it res 

2.5-4.5 leaf stage Use only in wheat. Apply 
of wild oats. honnone weedki11er at 

least 7 days after. 

2.5-5 leaf stage 
of wild oats. 

Safe on all cereal s 
except oats. Wetting 
agent requ; red. 
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C\"'op 

Mai ze & 
Sweetcorn 

Chemical Names 
COlllllon Trade 

Fl amprop-
methyl 

Benzoyl pro-
pethyl 

Trifluralin 

2,4-D awine 

Atrazine 

EPTe + 
anti dote 

Alachlor 

Metolachlor 
+ Atraz i ne 

Cynanazine 
+ Alachlor 

Butyl ate 

Mataven 

Suffi x 

Trefl an 

Vari ~us 

Various 

Eradi cane 

Lasso 

Primextra 
500 

Herbitrol 
+ Lasso 

Sutan T 

Used for 
Controll i n9 

Rates of Time of 
Application of Application 
Product/Hectare 

Comments 

Wild oats 6 - g 1 itres 3.5 leaf stage to Suitable for wheat only. 
joint; ng. 

Wi ld oats 8 - ? 1 itres Fully tillered to Use in wheat only. 
jointing stage 0f 
wilr:l oats. 

Wild oats and ~ 1 itres Preplat'lt spray. Use in barley only. 
broad leaved weeds. 

Californian thistle, 
docks, field bind-
weed, greater bind-
weed (convol vu1 us). 

Annua 1 broa dl eaved 
weeds. Preferred 
chemical. 

Grass weeds. red-
root and black 
ni ghtshade. 

Grass weeds and 
some annual broad-
leaved weeds. 

Incorporate into 
soil immediately 
after spraying. 

2 - 2.5 litres When maize is 
15--25 em high. 

1 - 1.5 kg d.L Pre- or post-
(both sol id and emergence sprays. 
1 iqu'; d formul a-
tions are avail-
ablel. 

6-81itres 

7 - 9 litres 

Prepl ant spray. 
soi 1 incorporated. 

Spray onto soi 1 
surface i'11medi-
ately after sow-
ing. Do not in-
corporate into soi 1. 

Only recommended for 
perennial weeds. 

Net suitable for 
controll; ng g:--ass weeds. 

Use where bri stl e grass, 
witch grass, summer 
grass, couch and barn-
yard grass are present. 

Usually applied with 
atrazine for general 
weed cont ro 1 . 

Grass and broad- 7 - g 1 itres As for alachlor. 
leaved annual we~ds. 

Grass and broad-
1 eaved annual 
weeds. 

As for EPTe 

2-3 kg/5.5-1 
1 itres 

6 - 81itres 

Apply with 7 days General weed control. 
after sowing. 

Prepl ant spray, 
soil incorporated. 
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Crop 

Grass Seed 

Chemi ca 1 Names 
Common Trade 

MCPA or Various 
2,4-0 

MCPB or 
2,4-0B 

Bentazone 

Dicamba 
+ MCPA 

Benzoyl pro-
pethyl 

Fl amprop-
methyl 

Various 

Basagran 

Bandam;ne 
+ Various 

Suffi x 

Mataven 

Clover Seed Paraquat Various 

MCPB or 
2,4-0B 

Various 

Used for 
Controlling 

Thi stl es. docks, 
hedge mustard, wild 
turnip and other 
annual broadleaved 
weeds. 

Annual broadl eaved 
weeds (see cerea 1 
notes) Å 

Mayweeds. chamo-
miles, storksbill 
and other annual 
weeds. 

Rates of Time of 
Application of Application 
Product/Hectare 

f.5 - 3 litres Seedling docks and 
annuals: 6-8 weeks 
after drilling; 
Scotch and nodding 
thistle: autumn; 
Californian thistle 
and establ i shed 
docks: 1-2 weeks 
after closing for 
seed. 

Comments 

In crops such as fescue 
where clover ;s a weed, 
60 9 a.i. dicamba may be 
added. 

3 - 3.5 litres As for MCPA/2,4-D. Substitute for MCPA when 
clover ;s required. 

2.5 - 31itres Preferably on 
small seedlings 
or short-regrowth. 

Warm temperatures 
requi red at spray; n9 for 
reliability. Good 
coverage required for 
effective contact 
action. 

MCPA - susceptible 2 - 3 1 itres Do not apply after Do not use if undersown 
weeds and improved 
control of thistles 
and docks. 

Wild oats. 

Wild oats. 

Grass competition 
and annual weeds. 

Thistles, plantains, 
docks and annual 
broadl eaved weeds. 

8 - 9 1 itres 

6 - 9 1 itres 

1 - 2litres 

3 1 itres 

the boot stage. with clovers. 

Apply after clo-
si ng crop before 
the boot stage. 

As for benzoyl-
propethyl. 

Short-graze pas-
ture and apply in 
dull humid condi-
ti ons. September 
and October. 

Spray biennial 
thi stl es when as 
small as possible. 
Allow Californian 
thistle and docks 
to develop fresh 
fol iage before crop 
is shut up and 

Apply in autumn at 3-5 
leaf stage of wild oats 
for yield response in 
heavy i nfestati ons. 

T entati ve recommendati on 
only. As for benzoyl-
propethyl. 

Used on white clover. 
May be inactivated if 
di rty water; s used or 
if it is sprayed onto 
dirty fo'l'iage. 

Do not spray 2 ,~C"·DB on 
red clover, nor after 
m; d-December. 



Crop Chemical Names Used for Rates of Time of Comments 
Common Trade Contro lli ng Application of Application 

Product/Hectare 

spray before clover 
buds show in base 
of crop. 

Carbetami de Carbetamex Many grass weeds 3 - 4 kg Apply mid to late 
70 and sheep sorre 1. winter in mature 

stands. 

Propyzamide Kerb 50 As for carbetami de. 2.5 kg As for carbetami de. 

2,4-0 ester Weedone 57 Thistles, plantians, 4 - 5 1 itres Apply after a Do not apply to growing 
2,4-0 ester hawksbeard, some seri es of hard clover. Tentative 

annual clovers in frosts before recommendati on only. 
white c10ver only. August. 

Bentazone Basagran Mayweeds, storks- 2 - 3 litres Apply to small Temperatures must be 
bill, chamomiles seedl i ngs or to wann at application. 
and other annual shor.t regrowth. For general broad1 eaved 
weeds. weed control add MCPB. 

Ensure good spray 
N coverage. 
0 
I lucerne 2,4-06 Various Annual weeds and 3 - 4 1 itres Spray as soon as Do not spray autumn sown 
~ (Seedl ing) thi stles. possible after 1 ucerne if there are 

first trito'iate resi stant wi nter-growi ng 
1 eaf appears on weeds present. 
1 ucerne and thi s-
t1 es have germ-
inated. 

MCPB Vari ous Where nodding 3 - 4litres As for 2,4-0B. Spray whi 1 e weeds and 
thistle is principle crops are actively 
weed. growing. 

Trifluralin Trefl an General broadleaf 2 - 3 litres Prepl ant spray. Preferred chemi cal for 
and grass weed Soil incorpora- annual weeds in pure-
control. tion is necessary. sown stands. Not effec-

tive against daisy weeds 
brass1 ca weeds or 
storksbill. 

EPTC Eptam Grass weeds incl u- S 1 itres As for tri fl ur- Warm soil conditi ons are 
ding couch, fathen alin. essential. 
and ni ghtshade. 

Bentazone Basagran Nodding thistle, 2.5 litres MCPB, Apply at 3-5 leaf Apply in mild to warm 
+ MCPB Various storksbi 11. 2 1 itres benta- stage of 1 ucerne. condit; ons favourabl e 

zone. for growth. 



N o 
I 
>-' o 

Crop 

lucerne 
(Mature) 

Chemical Names 
Common Trade 

Dinoseb amine Various 

2,2-DPA 

Paraquat 

Paraquat + 
Simazine or 
Atrazine 

Terbaci 1 

Da 1 apon 
Various 

Various 

Various 

$inbar 

Used for 
Controlling 

Storksbi 11 and 
various annual 
weeds. 

Barley grass, brown 
top, creeping bent, 
fog and other grass 
weeds. 

Fibrous-rooted 
grasses including 
Yorksh; re fog, Poa 
annua and other 
annual grasses, 
annual broadl eaved 
weeds i ncl udi ng 
storksbi 11 and 
chi ckweed 

As for paraquat 
plus browntop, 
barl eygrass and 
shepherds purse. 

Couch and other 
grass weeds, annual 
weeds. 

Rates of Time of Comments 
Application of Application 
Product/Hectare 

1 kg a.L Apply to 2-5 leaf Apply in mild conditions 
stage of 1 ucerne. to avoi d damage to 

1 ucerne. 

5 - 6 kg Very early spring 
after growth has 
commenced. 

.2 - 3 litres While lucerne is 
in 200 plus dormant. 
1 i tres of water 
wi th wetti ng 
agent. 

1 kg a.i. sima- While lucerne ~s 
zine, 900 a.L dormant. 
atrazine paraquat 
as above. 

2 kg While lucerne is 
dormant. 

must not 
degrees C. 

Do not use when grasses 
are S:JW., with 1 ucerne. 
Treatment will delay or 
reduce the following 
cut, but subsequent 
growth may offset thi s 
loss. 

Only effective against 
sma 11 seedl i n9s of bar-
leygrass. It checks 
browntop. Spray in dull 
humid weather avoiding 
dust and di rt contaiTtl n-
at; on of water or 
foliage, 

As above for appl ication 
conditi ons. 

Do not use on sandy or 
stony soils. 

Cyanazine Herbitrol Browntop, and grass 2 kg While lucerne is 
dormant. 

Paraquat + 
Metribuzin 

Propyzami de 

Carbetami de 

Various 
Sencor 

and annual weeds. 

As for cyanaz;ne 

Kerb 50 Grass weeds 

Carbetamex 70 As for propyzamide 
especially barley-
grass. 

2-3 1 itres of 
paraqui3.t (pro-
duct) + 0.7 kg 
sencor. 

2 - 3 kg 

3 - 4 kg 

While lucerne ;s 
dormant. 

When paraquat is not 
used, use 1 kg Sencor. 

While lucerne is Pre- or post-emergence 
dormant. for seedlinq lucern2 

a 1 so. 

As for propyzami de As for propyzami de 
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Crop 

Peas 

Chemical Names 
COlllnan Trade 

Asulam 

Hexazinone 

Trifl ura 1i n 

Atrazine or 
Simazine 

Chloroxuron 

Trifluralin 

Oi noseb 
(ONPB) 
:amine 

: acetate 

MCPB 

MCPB + 
Oi noseb 

Asulox 

Vel par 
Vel par L 

Tref' an 

Various 

Tenovan 50 

Trefl an 

Various 

Aretit. 
Di no tate 

Vari aus 

Various 

Used for 
Controll i ng 

Rates of Time of 
Application of Application 
Product/Hectare 

Comments 

Docks 3 - 4 1itr~s Apply in September Docks must have adequate 

Annual weeds, 
nodding thistle. 

Annual broadl eaved 
and grass weeds. 

As for trifluralin 

Fathen 

Wi de range of 
annual broadl eaved 
and grass weeds 
including wild oats. 

Annual \'!eeds. 
espeCially black 
nightshade, wild 
turnip, fumitory. 
fathen, etc. 

Californian thistle, 
redroot and other 
MCPA-suscepti ble 
weeds. 

1.0-1.5 kg 
Velpar. 3.6 
litres Velpar L 

2 - 4 litres 

2-3 1 itres/h. 
(50%); 1.2-1.8 
kg/h. (80%). 

1 - 2 kg 

2 - 3 litres 

Var; ous 

5 1 itres 

2 - 4 litres 

or following the leaf for good results. 
1 ast cut ; n autumn. 

October INovember 
after grazing or 
mowing. 

Prepl ant, soi 1 
incorporate. 

Pre-emergence. 

5-1") cm crop. 

Prepl ant spray. 
So; 1 i ncorporati on 
is necessary. 

Spray as soon as 
possibl,; after 
weeds show and 
when peas are 4-7 
floJe. Kill is 
bettcr if grow; ng 
conditi ons are 
good. 

Annual \'leeds as 
seed1 ; ngs. peren-
nial 1n full 1caf 
state. App1y when 
peas i1re 4-7 node. 

Needs a moist 50il sur-
face or rain after 
application to work 
effectively. 

Add wetti ng ager.t 1. 0% 
v/v. Only contro15 fat-
hen at tn; 5 rate. 

Preferrec!. treatment if 
Californian tt,istle is 
not present or if crop 
is undersown. Not 
effective against 
storksbill or brassica 
weeds. 

Not suitable for red root 
or spurrey control. 
Extremely poisonous. Can 
cause scorchin1 at high 
temperatures, but 
effeci:.iveness is reduced 
at 1 ess than 18 degrees 
C. Can be used in crops 
undersown with clover or 
1 ucerne. 

Not effective against 
willow weed, fum; tory 
and black nightshade. 
Use if crop ;s undersown 
with clovers. 

Redroot, black 2-3 litres MCPB As for MCPB. Observe precautions for 
dinoseb. Add the ingre-
dients to water separ-
ately. 

nightshade. thistles, + 1.5-2 litres 
wi reweed and other of dinoseb. 
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Crop 

Fodderbeet 
& Mangolds 

Chemical Names 
COlllllon Trade 

Methabenz-
thi azuron 

Metribuzin 

Terbutryn 
+ MCPB 

Bentazone 
+ MCPB 

Cyanazine 
+ MCPB 

Diclofop-
methyl 

Chloridazon 

Tribunil 

Sencor 

Igran 
Various 

Basagran 
Various 

Herbitrol 
Various 

Hoegrass 36 

Pyramin 

Phenmedipham Betanal 
+ Desmedi pham AMll 

Lenacil Venzar 

Cycloate RoNeet 

Ethofumesate Nortron 

Metamitron Gal tix 

Used for 
Controlling 

Rates of Time of Comments 
Applfcation of Application 
Product/Hectare 

Fathen, black night- 2 - 2.5 kg 
shade, cornbind, 
willow weed, redroot, 
spurrey wi reweed. 

Annual broadleaved 
weeds. 

Annual broadleaved 
weeds and Cal iforn-
ian thi stl e. 

Annual broadl eaved 
weeds including 
mayweeds. 

As for metribuzin. 

Wild oats 

Seedl ing weeds 

Annual weeds but 
not wireweed. 

0.5 kg 

0.8 kg 
1.5 1itres 

2 kg 
2.5litres 

2.5-3kg 
1 - 1.5 1 itres 

3 1 itres 

5 - 6 kg 

6 1 itres 

Annual weeds except 2 - 3 kg 
bl ack ni ghtshade 
and redroot. 

Wide range of annual 6 - 8 1 itres 
weeds but not wi re-
weed. 

Clover and annual 5 - 10 litres 
grasses. 

Wi de range of 
annual weeds. 

6 kg 

Seedl ; ng weeds 
when peas at 4-7 
node stage. 

As for methabenz-
thiazuron. 

When weeds are 
small and thistles 
have emerged and 
peas 3-5 nodes. 

As for terbutryn 
+ MCPB, but peas 
4-7 node. 

As for terbutryn 
+ MCPB. 

2-4 1 eaf stage. 

Pre-emergence or 
after beet has 
its fi rst true 
leaf. 

Do not mix methabenzthi-
azuron with MCPB. Thi s-
tles are resistant. 

Can be mi xed with 1. 5 
1 itres MCPB or with 
methabenzthi azuron. 

Do not use in dry 
conditions. 

Apply in mild to warm 
conditions. Tentative 
recommendati on. 

Peas must be hi gher than 
5 cm. 

Rel i able as post-emer-
gence spray if applied 
in good growing condi-
tions. 

Best app 1 i ed as a Does not control wi re-
split applicaton weed, redroot, willow 
3-5 days apart, weed. 
the first (3 litres) 
at Cotyl edon stage 
of the beet. 

Pre-emergence. Better control if 1 ena-
cil is foll owed by 
chloridazon or phenmed-
ipham. 

Preplant spray, Used with lenacil for 
soil incorporated. wider weed spectrum 

control. 

When beet has 1-2 Can be mixed with chlor-
true 1 eaves. i dazon and Betanal. 

Early post-emer-
gence. 



Crop Chern; ca 1 Names Used for Rates of Time of Comments 
COlTl11on Trade Contra 11 i ng Application of Application 

Product/Hectare 

2,2-DPA Various Volunteer cereals, 7 kg Post-emergence. 2 kg may be added to 
wild oats and Betanal AMll to increase 
grasses. control of wireweed. Not 

registered for this use. 
Use at growers ri sk. 

Oi cl ofop- Hoegrass 36 Wild oats 3 1 itres 2-4 1 eaf stage Not 
methyl of wild oats. 

Linseed MCPA Various Annual broadleaved 2 - 2.5 litres Toxic to clovers Clnd 
weeds. docks, 
Cal Horn; an thi stl e. signs 

MCPA + Various MCPA-suscepti bl e 1. 5 1 itres MCPA When weeds a Y'ú Toxic to clovers and 
Atrazine weeds plus cornbind. + 850 g atrazine. small and 1 inseed lucerne. \~ettabl e powder 

fumitory, dai sy is at 10-20 1 eaf atrazine is more selec-
weeds. spurrey. wi 11 ow stage. tiveo 
weed and wi reweed. 

N MCPA + Buctri 1 M MCPA- suscepti b 1 e 1. 5-1. 75 1 itres As for Mep f\ + Does not control 
0 Bromoxyni 1 Bromimal M weeds plus cornbind. atrazine. fum; tory. , wi reweed. dai sy weeds ,..... and willow weed. 
W 

MCPB Various MCPA-suscepti b 1 e 2.5 1 itres After 6 true leaf Use on crops undersown 
weeds. stage and befor~ with clover or lucerne. 

signs of flm.;ering. 

Tri-allate Avadex BW Only wild oats. 3.5 -' 4 litres Prepl ant spray. 
soil incorporated. 

Diclofop- Hoegrass 36 Only wild oats. 3 1 itres At 2-4.1 eaf stage 
methyl of wild oats, 

Potatoes L inuron Malon Broadl eaved weeds 2 kg After moul di rjg. Will not 
L inuron and some grass before hiiulms tory or 

weeds. have emerged. 

Monolinuron Aresin Seedl ing grasses; 1.1-1.7 kg a.i. As for 1 inuron. L i liuran/mono 1 ; nu\~on 
less effective mi Ature gi yes wi der 
against brocdleaved contY'o1 spectrum. 
weeds than 1 i nu ron. 

Prometryn Gesagard Annual broadleaved 2 - 3 kg As for linuron. 
weeds. 

Terbutryn Igran + Annual broadl eaved 1.6-2 kg terbu- ".s for linuron. 
+ L inuron Various weeds. tryn + 1 kg 

1 inuron. 



Crop Chemical Names Used for Rates of Time of Comments 
COTllTlon Trade Contrall i r!g Application of Application 

Product/Hectare 

Cyanazine + Herbitrol As for terbutryn 2 kg cyanazine As for 1 inuren. 
li nuron + Vari ous + 1 inuron. + 1 kg linuron. 

Metribuzin Sencor Annual weeds and 1.5 kg Pre- or post- Preferred treatment for 
many grass weeds. emergence (10% 

emergence) Å 
general weed control. 

MCPA Various Californian thistle 2 1 itres Pre- or early Crop wi 11 be checked. 
post-emergence. 

Potatoes: Di quat Reglone Grass and broad- 3 litres + Pre-harvest. Some tuber damage may 
Pre-harvest 1 eaved weeds. wetti ng agent OCCU1" in hot. dry con-
dessi cati on in 300 plus ditions. Do not spray 

1 itres of water. when haulms are wilting. 

Paraquat Paraquat Grass and broad- 1.5-2 litres in After haulms are Do not JPply to 1 ive 
Gramoxone 1 eaved weeds. 200 plus 1 itres dead. haulms. Best resul ts 

of Welter. follow spraying in over-
cast humid conditions. 

N Soyabeans Alachlor Lasso Most annual weeds - 7 1 itres Pre-emergence Use either a 1 ach lor + 0 
I linuron or trifluralin 
~ L; nuron Various Most annual weeds - 4 kg Pre-emergenr.e or metribuzir. then 
+> follow up with benta-

Triflural in Trefl an Annual weeds 2 - 3 1 itres Pre-pl ant zone or chloroxuron to 
control weeds resi stant 

Metribuzin Sencor Annual weeds 0.7-\.0 kg Pre-emergence to pre-emergence 
herbicide. 

Bentazone Basagran Annual weeds 2 - 3 1 itres 2 1 eat' stage 

Ch 1 oroxuron Tendran 50 Annaul weeds 3.0 1 itres Post-emerger,ce Add surfactant 
1-2 leaf stage. 

Sunfl ~wers Trifl uro) 1 i n Trefl an Annual weeds 2 - 3 litres Pre-pl ant soil 
incorporated. 

E.P. T .C. Eptan Annual weeds 6-8litres Pre-pl ant so; 1 Requ; res warm soi 1 s 
incorporated. for effective use. 

Al aehlor Lasso Annual grasses. Pre-emergence 
some broadleaved weeds. 

Prometryn Gesagard Broadleaf weeds 2.0 kg Pre-emergence Soil-surface must be 
moist at appl ication or 
rain after application 
for herbicide activ-
at~ on. 
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Crop 

Ti ck Beans 

Chemical Names 
CORman Trade 

Trifluralin Trefl an 

Simazine Various 

Dinoseb amine Various 

Diclofop- Hoegrass 
methyl 

Used for 
Controlling 

Annua 1 weeds 

Annua 1 weeds 

Annual weeds 

Wild oat. Phalaris 
minor. 

Rates of Time of CORments 
Application of Application 
Product/Hectare 

2 - 3 litres Pre-plant soil 
incorporated. 

1.2-1.5 kg (80%) Pre-emergence Preferred treatment. 
2.5-3.0 I itres 
(50%) 

2.5-3.0Iitres Post-emergence. Salvage treatment only. 
5 node stage. 

3.0litres Wild oats 2-4 leaf. 



20.1.3 Pastures - General Principles 

The most effective weed control in pastures is obtainei 
the development of a vigorous uniform sward of clovers 
grasses. For this reason good pasture management, 
including correct use of fertilisers and stock manlpula~ 
tion, is the best way of maintaining weedĿĿfl'ee pastures. 
Weeds u su a lly on ly i nv ade pc, stu res '111 weak vlh ere 
pasture vi gour is reduced. Th1 s can be 'I nsect 
damage, drought, over-graz 1 ng or by \iii nter puggi ng. Once 
weeds have become established in pastures they can be dif-
ficult to eliminate by pasture management and it may be 
necessary to resort to herbicide appl ication. In some 
instances hard gnlZing with sheep can reduce or even e<j im-
inate weed problems. Examples are the suppress'!on of rag-
wort by sheep and the control of barl ey gra S5 by hard 
spring grazing with sheep. Even annual weeds, once 
established, tend to persist despite strong pasture 
competition because the parent plants die off in the 
summer and 1 eave gaps in the pastu re su i tab 1 e for germ; n-
ation and establishment of their offspring. For this 
reason weed control in new pastures is often useful 'in 
preventing possible future problems. 

Newly sown pastures 

Weeds in new pastures can retard pasture establ ishment, 
especially of the slower developing pasture components. 
Correct use of fert'il isers, good seedbed preparati on and 
even distribution of sown seed all help to y'educe the 
effects of weeds. Quick, intense spraying should be 
considered if potentially serious weeds, such as thistles, 
are present. 

When the clover seedl i ngs reach the fi rst or second true 
(trifoliate) leaf stage, new pastures can be safely 
sprayed with MCPB at 1 kg/ha. Thi s wi 11 successfully 
control a wide range of broadleaf weeds. However, 2,4-DB 
at 1-2 kg/ha is more effective on bl ack nightshade, 
cornbind, fumitory, willow weed, wild turnip and wireweed, 
but can also cause damage to seedling red and subterranean 
clover. 

MCPB or 2,4-DB should be applied during fine weather and 
on 1y after ground cover of pastu re spec; es and weeds is 
fai rly complete. 

Established pastures 

Dairy pastures tend to be more open and more heavily 
pugged than sheep pastures. In addition, cattle are more 
selective than sheep ill their graz 1ng habits so that dairy 
pastures are commonly more weedy than sheep pastures. 
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Mowing or topping of tall-growing weeds such as thistles, 
docks, buttercups and ragwort makes pastures or swards 
less unsightly and helps stock gain access to them but 
rarely helps weed eradication. Barley grass seed cause 
physical damage to lambs, and if these are mown off before 
the seeds harden, then the cause of damage is removed. 

Grubbing of thistles and grubbing or pull ing of ragwort 
gi ves temporary control but ragwort can rĿegrow from root 
fragments left in the soil and some kinds of thistle will 
regrow if not cut off at least 5 cm below ground level. 

Herb i ci des whi ch can be used economi ca 11y for se 1 ecti ve 
weed control in pastures containing clover are few in 
number. 2,4-DB and MCPB are the only materials which will 
do very little harm to pastures whenever they are applied. 
At the most they wi 11 reduce pasture producti on sl i ghtly 
for a few weeks following application. Unfortunately they 
have thei r 1 imitati on s because they are genera lly more 
effective on weed seedlings than on large plants and 
because the range of weeds whi ch they ki 1'1 is 1 imi ted. 
Nonethel ess, if suscepti b 1 e weeds are present, one of 
these chemi ca 1 s shoul d be used in preference to anythi ng 
else. Death, even of susceptible weeds, tends to be s'low. 
2,4-0 and MCPA are commonly used (and often abused) for 
braodleaf weed control in pastures. Both cause fairly 
severe damage to whi te clover. Red and subterranean 
clovers are more tol el"ant of MCPA but both are affected by 
2 ,4-D. Wi thi n a month of sprayi ng pasture producti on 
falls by 10-40% depending on how much clover was present 
initially. After this, the grasses respond to reduced 
competition and to the release of additional nitrogen so 
that total pasture yields are not usually affected for 
long. However, it takes four to ten months after spraying 
before the clover balance is fully restored. Clovers are 
most susceptible to 2,4-D or MCPA damage during the spring 
and autumn fl ushes of growth. Recovery is slower after 
autumn spraying than after spring spray'lng. Clovers are 
1 east affected when thei r growth is slow - duri ng dry 
summer or in cold winters. Spraying should be carded out 
between late autumn and early spring. At this time annual 
weeds are usually present, but are small and susceptibl e 
to these herbicides. 

Dicamba and picloram are both very effective weed killers 
and are also very damaging to all clovers. They both 
persist in the soil after spraying. Even though there are 
no toxic residues left in the soil three months after 
applying up to 1.0 kg/ha, initial clover kill is so 
compl ete that it may be up to two years before the 
natural/clover balance is fully restored. Oversowing 
clovers into sprayed pasture wi 11 hel p to speed thi s 
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process up. However, the use of di camba and pi cl oram 
shoul d generally be restri cted to spot app 1 i cat; on, for 
weeds difficult to ki11 or where legumes do not occur. 

References to other herbi ci des whi ch can be used in 
pastures wi 11 be found in the Agl ink on 'Control of 
specific weeds in pastures'. It is very important that 
due consideration be given to possible reductions of 
pasture yield and quality before deciding when and how to 
control pasture weeds with herbicides. 

20.1.4 Noxious Plant Control 

Introduction 

The Noxious Plant Act 1979 replaced the Noxious Weed Act 
1959 and ;s designed principally to protect agricultural 
and horticultural land against invasion of undesirable 
plants, but with the basic premise that it is the land 
owners responsibility to do so and to bear the cost. Only 
one weed, Johnson grass, has been gazetted as the Govern-
ment's responsibility, but in each region, money may be 
spent to clear weeds that are of limited distribution, and 
could present a problem in the future, e.g. Coltsfoot 'in 
the Arthurs Park region. 

If a pl ant is decl ared noxious in anyone area the 
landowner is obliged to clear the land of that weed and in 
only a few instances, weeds such as gorse, broom, black-
berry, sweet br; ar, barbery, noddi ng and var; gated 
thi stl e, ragwort, gi ant buttercup and barl ey grass may 
qualify for some financial assistance. Normally gorse, 
broom, and blackberry are the only subsidised weeds. The 
amount of subsidy is based on a proportion of a herbicide 
cost. Thi s subsi dy may be pai d for non-herbi ci de cl ear-
ance of weeds. 

Any herbicide registered for use on that particular 
noxious weed in pasture may be used. Herbicides are 
listed for each of the major noxious plants. 
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Pl ant Species 

Gorse 

Broom 

Sweet Br; ar 

Nodding Thistle 

Bl ackberry 

Barberry, 
Soxthorne 

Variegated 
Thistl e 

Giant Buttercup 

Herbicide Name Product Rate 
COll11lon 

2,4,5-T 

2,4,5-T 
Pi cl oram 
2,4,5-T 

2,4,5-T 
2,4,5-T 
Picloram 

lexazi none 

M,C.P .B. 

M.C.P.B. + 3,6 
O.C.P .A. 

2,4,5-T 
Pi ctoram 

Fosamine 

Glyphosate 

2,4,5-T 
Hexazi nOlle 

M.e.p .8. 

M.e.p .B. 

Trade 

Various 10 1 itres/ha (72%) 

Tordon I3rushkiller 20-30 Ŀlitres/ha 
520 
Various 1.5 1 itres/ha (72%) 

Various 1:200 
Tordon Brushk; 11 er 30 1 itres/ha 
520 

Vel par 

Various 

Various 
Lontrel Pasture 

2 gm/bush 

2.5-5 1 itres 

2-4 1 itres 
1-1.5litres 

Tordon Brushkiller 1:100 dilution 
520 

Krenite 

Roundup 

Various 
Vel par 

Various 

Various 

1: 100 
12 1 itres/ha 

1: 100 
9 1 itres/ha 

1:10 in diesel 
2 gm/bush 

2.5-5 1 itres 

2.5-5 1 itres 

Time of Applicatioo 

Oct/early November 

Oct/early November 

Oct/early November 

Growi ng season 1 ate 
spring 

Late spr; ng/early 
summer 

April/early May 

Mayor September 

Before fruit set 

February/April 

November/March 

Comments 

Even coverage ;s essential. The 
addition of 10% diesel helps 
acti vi ty. Best used for spot 
application. The addition of 
di quat (regl one) di camba (Ban 
750) has seldom shown any advan-
tage. 

Basal appl ication in diesel. Not 
generally recommended by aerial 
application with associated pas-
ture improvement. 

"Spot gun" technique for control 
of individual bushes. 

Pasture recommendation. 

Pasture recommendation but note 
that clover damage will occur. 

Spot appl ication only - no\, rel-
iabl e. 

Complete coverage is required. 
Preferred treatment. 

Good coverage required. 

Cut the bush down. "Spot gun" treatment. Bulldozin9 
then apply solutic.n. at bushes only other method. 

Wi nter/spri ng. 
Apply to seedl i ng:. 

Early spring. Complete control is difficult to 
achieve. 
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20.1.5 Farm Forestry and Shelter Bel ts 

Some useful combinations of herbicides used in tree grow-
ing are given below. The best treatment is preplant weed 
control (can be cultivation). followed by a post plant, 
over the top, or directed and shielded spray, followed, 12 
months later, with a tree release spray if required. 

Chemical Names Used for Controlling Rates of Appl i-
COrmlon Trade cation of 

Product/hectare 

Amitrole + 2,2 Permazol S.D.A. Vegetati on knockdown 4 - 5 kg 
DPA + Simazine 

Paraquat + Paraquat + Vegetation knockdown 4 1 itres 
Terbuthyl azi ne Caragard 10 1 itres 
+ Terbumeton 

G lyphosate wi th Roundup + Vegetation krlockdown 4 - 6 litres 
Terbuthyl azi ne Caragard 10 litres 
+ Terbumeton or 
with S;mazine Vegetation knockdown 4 1 itres 

Terbuthylazine Caragard 
Terbumeton 

Vegetation knockdown 10 - 14 1 itres 

Hexazinone Velpar Vegetation knockdown 2-4kg/ha 

Simazine and El iminex Vegetation knockdown 
Atraz; ne 

Time of Application 

Prepl ant 

Preplant or shielded 
post plant. 

Preplant or shielded 
post plant. 

Preplant or shielded 
post pl ant. 

Post plant directed. 

Prepl ant or pos:t pl ant. 

Tree rel ease. 

Comr/lt'nts 

Do not use post pl ant on 
any species. 

Can be used on a'1 species. 

All species 

All species 

All species except potted 
Eucalyptus. 

Pinus radiata only. 

Pinus radiata only. 



20.1.6 Weed Control in Orchards and Vineyards 

This information should help growers to choose and apply 
the most suitable herbicide for their particular require-
ment. The products listed are those which in trials and 
commercial practice have proved to be the most reliable 
and effecti ve for use in orchards and vi neyards at the 
present time. 

General Considerations 

1. Always read and follow specific warnings, directions 
and dosage suggestions printed on product labels to 
ensure effecti ve weed control wi th the mi n;mum ri sk 
of plant injury. 

2. Purchase spray equipment designed for herbicide 
application and keep it for that purpose only. 

3. Contact type herbi ci des (e. g. paraquat) appl i ed in 
insufficient water to heavy weed growth may result in 
poor control from inadequate wetting of weed leaf 
surfaces. 

4. Application of pre-emergence herbicides (e.g. sima-
zine) over freshly mown grass clippings or existing 
weed or straw mulch may prevent an effective dose 
from reaching the soil where it is required. 

5. Inefficient tank agitation of a wettable powder 
herbicide suspension will result in material settling 
out with resultant dosage being either too weak or 
too strong. Agitation of some kind is essential with 
wettable powder herbicides, e.g. Simazine (Gesatop 80 
W) Å 

6. Use low pump pressure, 275 kPa (40 p.s.i.) and flat 
spray (fan) tip nozzles giving a coarse droplet size 
to minimise herbicide drift. 

7. Accurate dosage rates of chemical per hectare are 
important to achieve even control and avoid blJild up 
of persistent herbicides in the soil. 

8. The aim of herbicide spraying should be a spray to 
wet weed fol i age or soil surface wi thout excess; ve 
run-off. 
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Quantity of Water per Sprayed He~tare 
(A sprayed hectare = 10,000 m (2.5 acres) of ground 
actually sprayed) 

Water is merely the carrier for the herbicide so that the 
amount of water appl ied per sprayed hectare can vary as 
long as the amount of herb; ci de product appl ied per 
sprayed hectare remains approximately the same. Several 
factors influence the quantity of water required: 

9. The following is a guide to quantities of water 
necessary to cover one sprayed hectare: 

Boom spraying continuous or intermittent stri?: 

Bare ground or sparse 
weed cover: 

330-560 litres per sprayed 
hectare (30-50 gals/acre) 

Dense, rank weed growth: 670-900 litres per sprayed 
hectare (60-80 gals/acre). 

Spot spraying with hand gun or wand: 

Bare ground or sparse 
weed cover: 

1680-2250 litres per sprayed 
hectare (150-200 gals/acre) 

Dense, rank weed growth: 3370-4500 litres per sprayed 
hectare (300-400 gals/acre). 

10. 'Knockdown' or post-emergence herb i ci des such as 
Gramoxone, Preeglone, Amitrole TL require sufficient 
water to cover existing weed foliage but without 
excess run-off. The more dense and rank the weed 
growth the more water is necessary. 

11. Soil sterilent or pre-emergence type herbicides such 
as Simazine are applied alone to bare ground. If 
applied to short sparse weed growth Simazine must be 
combined with one of the knockdown herbicides. 

12. To ach; eve best results with Roundup (glyphosate) 
herbicide it is essential to apply it as a fine 
'dewlike' spray cover using only 200-600 litres water 
per hectare. 

13. Boom spray application along the rows to give contin-
uous or i ntermi ttent stri ps of treated ground. Thi s 
is the preferred and most accurate method of herbi-
cide application for pre-emergence herbicides in 
particular also for Roundup. Requires much less 
water per sprayed hectare compared to spot treatment 
with a hand wand. 
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14. Spot treatment with a hand gun or wand. Difficult to 
achieve accurate dosage application per sprayed 
hectare. Still necessary in some situations of rank 
weed growth or uneven ground surface. Requi res more 
water per sprayed hectare than boom spraying. 

15. The use of additional wetting agents with 'knockdown' 
type herbicides improves cover of weed foliage which 
means less water is necessary. (Additional wetting 
agent is already incorporated in Gramoxone, Preeg-
lone, Roundup). 

Where extra wetting agent is required any non-ionic 
product is suitable. 
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Herbicides Suggested for Orchards and Vineyards 

PRODUCT NAME 
(common name) 

AMITROLE TL 
(amitrole and 8f11110n-
iUIiI thiocyanate) 

ASULOX 40 AC 
(asulam) 

GESATOP 80W 
(s;maz;ne) 

GRAMOXONE 
(paraquat) 

HYVAR X 
(bromaeil ) 

KRENITE 48 AC 
(ammonium ethyl 
carbamoyl phosphonate) 

KROVAR WP 

PREEGLONE EXTRA 
(paraquat + diquat) 

PREFIX 7.5 G 
(chlorthiamid) 

Usual product rate 
per treat~d hectare) 
(10,000 m ) 

6-11 1 itres 

3-4 1 itres 

3 kg 

6,~8 1 itres 

2-4 kg 

10 1 itres 

6 kg 

6-8 1 itres 

90-140 kg 

Used wi th apparent 
safety around these 
fruit crops but check 
product label. 

G P S 

BCGPRS 

BCGPRS 

BCGKPRS 

G P S 

BCGKPRS 

B P R 

REMARKS 
The following abbreviations are used in column 3: B: Brambles; 
C: Citrus; G: Grapes; K: Kiwifruit; P: Pipfruit; R: Rasp-
berries; 5: 5tonefruit. 

Good general knockdown of annual and some perennial weeds. No 
pre-emergence control. Do not apply around trees 1 ess than 3 
years old. Do not apply between fruitset and harvest to avoid 
all risk of residues in the crop. Caution around apricots on 
light soils. 

Very good but slow (6 weeks or more) knockdown control of docks. 
No pre-emergence control. no not combine with Gramoxone or Pre-
eglone as no control of docks may result from this mixture. 

Good long term (6-9 months) control of many germinating weed 
seeds when applied to bare soil. No knockdown control but may 
be combined with Amitrole TL. Preeglone or similar to control 
existing weeds. Do not apply around trees less than 3 years old. 

Rapi d knockdown of annual weeds, best on grasses. Short term 
control ~ repeat as necessary. No pre-emergence control. No soil 
residues or uptake by pl ant roots. No good against most deep 
rooted perennial weeds such as docks, couch etc. 

Can cause injury if used around most fruit crops. Citrus appear 
to tolerate Hyvar but avoid excessive repeated use around cit-
rus. Ot;'t not apply around citrus trees less than 3 years old. 

For control of blackberry only. Spot application only during the 
2 month period before leaf Jiscolouration of blackberry, this is 
late flower to late fruit stage, usual1y mid-February to late 
April. Effect not seen until following spring. Any regrowth 
should be sprayed at the same time in the following year. Rain 
within 24 hours of spraying may reduce effect. Avoid spray drift 
onto des i rab 1 e pl ant stems and 1 eaves. 

Can cause injury if used around most fruit crops. Citrus appear 
to tolerate but avoid excessi"e repeated use around citrus. 00 
not apply around citrus trees less than 3 years o'id. Check ACB 
registration status before use. 

Rapid knockdown of annual weeds both broadleaf and grass weeds. 
Other cOlTlllents as for Gramoxone. 

General weed control. Expens~ve compared to most wet spray 
alternatives. Main use where other herbicides not effective or 
not safe for use. Results can be variable dependent on rainfall 
and cool temperatures after application for best effect. Avoid 
excessive application close against tree and vine trunks or 
injury may result. Caution around raspberries, or supression of 
early sucker growth can result. Check label directions. 
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REGLONE 
(di quat) 

RONSTAR 25 EC 
(oxad; azan) 

ROUNDUP 36 AC 
(glyphosate) 

SHELL SIMAZINE SOSC 
(simazine) 

SIMAZOL 80W 
(simazine) 

SINBAR 80WP 
(terbaci 1 ) 

WEEDAZOL TL 
(amitrole and ammon-
ium thiocyanate) 

6-8 1 itres 

6 1 itres 

4-6 1 itres 

4.8 1 itres 

3 kg 

2-3 kg 

6-11 1 itres 

BCGKPRS 

C G K P S 

BCGPRS 

BCGPRS 

see remarks 

G P S 

Rapid knockdown of annual broadlei'lf weeds but not grasses. Other 
COl11JJents as for Gramoxone. 

Controls many broadleaf weeds and annual grasses. Apply to bare 
soil beneath vines before budburst or after vines haVe developed 
10 leaves per shoot. Do not disturb soil surface after appli-
cation. Consult your Federation Fieldman before use. 

Very effective against a wide range of problem weeds including 
couch, paspalum. kikuyu. Does not persist in soil. No per-
emergence control. Requires most careful timing and application 
as a fine droplet spray for best results. Can cause plant death 
or injury if used incorrectly. Follow label directions and con-
sult your Federation Fieldman on current experience with Roundup 
in your district. Do not apply around trees less than 3 years 
old. 

A 1 iquid formulation of simazine. Other comments as for Gesatop 
80 W. 

Cormnents as for Gesatop 80 W. 

May be used around apple and peach trees, but not around pears. 
Should be used cautiously around apricots and plums, as damage 
may result. Do not apply around trees less than 3 years old. 
Avoid use on light sandy soils. S;nbar gives excellent long 
term (6-9 months) control of many germinating weed seeds 
together with some knockdown effect on existing short open weed 
growth. Where existing weed growth is dense or above 15-20 cm 
high, combine with Amitrole TL, Preeglone or similar for best 
resul ts. 

Conments as fot Amitrol e TL. NOTE: Do not apply between fruit 
set and harvest. 
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Common Dose Product Dose 
name (kg/ha a.i.) name (per hal 

All crops 

Glyphosate 1.5Ŀ2.0 Roundup 4.2Ŀ5.6Iitres 
Paraquat 0.5-1.0 various 2.5-5.0 I itres 
Diquat 0.5-1.0 Reglone 2.5-5.0Iitres 
Paraquat/diquat 0.5-1.0 Preeglone Extra 2.8Ŀ5.6Iitres 
II/.ineral oil 90-1801itres various 450-9001itres 
Sulphuric acid 10% 1000 litres 

Contact pre-emergence treatments can be applied to all crops and 
are worth while whena substantial number of weeds have emerged 
before the crop. If the soil is prepared some time before sowing 
or planting, contact herbicides can often be used to great effect 
(stale seedbed or delayed plantinQ techniques). 
Paraquat is active against grasses; diquat controls broadleaf weeds. 

Time of application 
Crop Weeds 

pre-sow and pre-transplant post-em 
pre-em post-em 
pre-em post-em 
pre-em post-em 
pre-em post-em 
pre-em post-em 

Some species (e.g. fumitory, wireweeoJ are more easily killed when 
seedlings have.attained true leaves. 
Glyphosate can be worth while where perennial weeds have 
emerged in a stale seedbed, or prior to establishing a crop with 
minimum cultivation. 
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Common 
name 

Dose 
(kg/ha a.i.) 

Asparagus, established 

Oiuron 
Simazine 
Linuron 
Amitrole-T 
Asulam 
2,4-0 
MCPB 
Tentative treatments 
Prometryn 
Propazine 
Terbacil 
Bromacil 
Trifluralin* 
Oxadiazon 
Metribuzin 
Glyphosate 

1.5-3.0 
1.0-2.0 
0.5-1.0 
2.04.0 
1.5 
1.0-2.0 
1.0-2.0 

0.5-1.0 
1.0-1.5 
1.0-2.0 
1.0-2.0 
0.8-1.5 
1.5 
0.4 
1.5-2.0 

Product 
name 

various 
various 
various 
Weedazol TL 
Asulox 
various 
various 

Dose 
(per hal 

10-20litres 
3_8litres 

Gesagard 1.0-2.0 kg 
Gesamil, Propazol 2.0-3.0 kg 
Sinbar 1.2-2.4 kg 
various 
Treflan 
Ronstar 
Sencor 
Roundup 

2.0-3.8 Iitres 
6.0litres 
0.6 kg 
4.2-5.6 litres 

Residual chemicals can give good control of germinating weeds in 
spring. Bromacil and terbacil have given promising results against 
summer grasses when applied after harvest. 
Trifluralin can be incorporated in the soil each side of the row when 
the crop is cultivated. 
Perennial weed problems can be tackled after harvest, and after 

Crop 

pre-em 
pre-em 
pre-em 
post-harvest 
post -h a rvest 
postĿharvest 
postĿharvest 

pre-em 
pre-em 
preĿem 

Time of application 

pre-em, postĿharvest 
pre-em, postĿharvest 
pre-em, postĿharvest 
post-harvest 
post Ŀharvest 

Weeds 

preĿem 
pre-em 
preĿ and post-em 
postĿem 
post-em 
postĿem 
post-em 

preĿ and post-em 
pre-em 
pre-em 
pre-em 
pre-em 
preĿ and post-em 
pre- and post-em 
post-em 

cutting down the fern in autumn, with spot treatments of amiĿ 
troleĿT (docks and couch), 2,4-0 and MCPB (thistles), asulam 
(docks) and oxadia7(ln (convolvu Ius). 
G!yphosate is useful against most perennial weeds but should only. 
be used, with great care, as a spot treatment in autumn or winter. 
None of the chemicals should be applied during the cutting season. 
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Common Dose Product Dose 
name (kg/ha a.i.) name (per hal 

Asparagus, seedling 

Diuron 1.0 various 
Aziprotryne 1.5 Brasoran 3.0 kg 
Linuron 0.5. various 
Methabenzth iazu ron 1.5 Tribunil 2.1 kg 
Tentative treatments 
Simazine 0.4 various 
Metribuzin 0.4 Sencor 0.6 kg 

Some crop damage may occur from pre-emergence application of 
materials other than diuron, especially on light soils and under wet 
conditions. 

Beans, broad 

Simazine 1.0 various 
Tentative treatments 
Chlormethazole 1.0 Probe 1.3 kg 
Diuron 0.5 various 
Linuron 0.8-1.0 various 
Methabenzthiazuron 2.0 Tribunil 2.9 kg 
Monolinuron 0.8-1.0 Aresin 1.6-2.0 kg 
Prometryn 0.8-1.0 Gesagard 1.6-2.0 kg 
Dinoseb acetate 1.5 A.retit 3 litres 

On particularly light or wet soils some damage may be caused by 
the chemicals. Sow beans uniformly at 5-7 cm depth to minimise 
the risk. Chlorpropham, at 1 kg/ha, can be added to diu ron in broad 

Time of application 
Crop 

pre-em 
pre- and post-em 
pre- and post-em 
pre- and post-em 

pre-em 
pre-em 

Weeds 

pre-em 
pre- and early post-em 
pre- and post-em 
pre- and post-em 

pre-em 
pre- and post-em 

Mixtures of metribuzin with diuron or methabenzthiazuron, applied 
pre-emergence, have given good results. 

post-sow pre-em 

post-sow pre-em 
post-sow pre-em 
post-sow pre-em 
post-sow pre-em 
post-sow pre-ern 
post-sow pre-em 
pre- and post-em pre- and post-em 

beans, especially for the control of fumitory. 
Dinoseb should be applied after the second pair of leaves are 
present: some damage may occur. 
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Common Dose Product Dose 
name (kg/ha a.i.) name (per hal 

Cabbages, brussels sprouts 
Dinitramine* 0.4-0_6 Cobex 1.7-2.5Iitres 
Trifluralin* 0.8-1.0 Treflan 2.0-2.5 litres 
Sulfallate 5.0 Vegedex 10.4 litres 
Alachlor 1.5 Lasso 3.0litres 
Propachlor 4.0-5.0 various 
Aziprotryne 1.5-2.0 Brasoran 3_0-4.0 kg 
Nitrofen 1.5-2.0 Tok E25 6.2-8.3 I itres 
Simazine 0.4 various 
Desmetryn 0.3 Sememn 1.2 kg 
Terbutryn 0.3-0.4 Igran 0_6-0_8 kg 
Tentative treatment 
Pendimethalin* 0.8-1.0 Stomp 2.4-3.0 I ilres 

Chlorpropham, at 0.5 kg/ha, has been added to pre-em applications 
of sulfaHate and nitrofen to increase their usefulness. 

Carrots, parsnips 

Trifluralin" 1.0 Treflan 2.5litres 
Propazine 1.0-1.5 Gesamil, Propazol 2.0-3.0 kg 
Unuron 0.8-1.0 various 
Prometryn 0_8-1.0 Gesagard 1.6-2.0 kg 
Metribuzin 0.2 Sencor 0.3 kg 

Å Mineral oil 90 I itres various 450 litres 
Tentative treatments 
Alachlor 1.5 Lasso 3_0 litres 
Asulam 1.5 Asulox 3.8litres 
Metoxuron 3.5 Dosanex 4A kg 

Metribuzin suppresses yarrow, but should not be used on parsnips_ 
Half doses of linuron and/or prometrvn applied before and after 
crop e",ergence often give good results, especially under rapid 

Time of application -----
Crop Weeds 

pre-transplant pre-em 
pre-sow and pre-transplant pre-em 
pre-em pr&-em 
pre- and post-en1 preĿem 
pre- and post-em pre-em 
pre- and post-em pm- and early post-em 
pre- and post-em pre- and early post-em 
post-em preĿ-errl 
post-efl1 postĿem 
post-em post-em 

pre-sow and pre-transplant pre-ern 

Simazine is not recommended under wet conditions or on light soils. 

pre-sow pre-em 
post-sow pre-ern 
pre- and post-em pre- and post-em 
pre- and post~m pre- and post-em 
postĿem post-em 
post-em post-em 

post-em pre-em 
post-em post-em 
post-erl1 post-em 

growing conditions_ After crop emergence, neither of these herbi-
cides should be applied until the two true-leaf stage has been 
attained. 
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Common Dose Product Dose 
name (kg/ha a.i.) name (per hal 

Cauliflowers, broccoli 

Dinitramine* 0.4-0.6 Cobex 1.7-2.5Iitres 
Trifluralin* 0.8-1.0 Treflan 2.0-2.5Iitres 
Sulfallate 5.0 Vegedex 10.4 litres 
Alachlor 1.5 Lasso 3.0litres 
Propachlor 4.0-5.0 various 
Nitrofen 1.5-2.0 Tok E25 6.2Ŀ8.3Iitres 
Simazine 0.4 various 
Tentative treatment 
Pend imethal inĿ 0.8Ŀ1.0 Stomp 2.4-3.0 I itres 

Chlorpropham. at 0.5 kg/ha. has been added to pre-em applications 
of sulfallate and nitrofen to increase their usefulness. 
An experimental use of aziprotryne. at 1.5 kg/ha. followed by 
irrigation to wash the chemical off the crOD foliage has been successĿ 
ful against weeds pre-emergence. 

Celery 

Trifluralin* 1.0 Treflan 2.5litres 
Linuron 0.8-1.0 various 
Prometryn 0.8Ŀ1.0 Gesagard 1.6-2.0 kg 
Tentative treatments 
Alachior 1.5 Lasso 3.0litres 
Chloroxuron 4.0 Tenoran 8.0 kg 

Time of application 
Crop Weeds 

pre-transplant pre-em 
pre-sow and pre-transplant preĿem 
pre-em pre-em 
preĿ and post-em preĿem 
pre- and post-em pre-em 
pre- and post-em preĿ and early post-em 
post-em pre-em 

preĿ sow and pre-transplant pre-em 

Simazine is not recommended under wet conditions or on light 
soils. 

pre-transplant preĿem 
post-em preĿ and post-em 
post-em preĿ and postĿem 

post-em pre-em 
post-em preĿem 
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Common 
name 

Dose 
(kg/ha a.i.) 

Garlic, leeks 

Diuron 
Simazine 
Aziprotryne 
Chlormethazole 
Linuron 
Methabenzth iazuron 
Monolinuron 
Prometryn 
loxynil 

0.5-1.0 
0.5-1.0 
1.5-2.0 
0.5-0.7 
0.5-1.0 
1.5-2.0 
0.5-1.0 
0.5-1.0 
0.6 

Product 
name 

various 
various 
Brasoran 
Probe 
various 
Tribunil 
Aresin 
Gesagard 
Totril 

Dose 
(per hal 

3.0-4.0 kg 
0.7-0.9 kg 

2.1-2.9 kg 
1.0-2.0 kg 
1 :0-2.0 kg 
2.4 litres 

Use the higher rates of these herbicides only after planting garlic; 
in leeks, and post-emergence in garlic, use the lower rates. Plant 
at a uniform depth of no less than 5 em to minimise the risk of 

Kumaras 

Alachlor 2.0-3.0 Lasso 4.0-6.0Iitres 
Tentative treatment 
Paraquat 0.1-0.2 various 0.5-1.0 I itres 

Lettuce 

Chlorpropharr, 1.0-2.0 2.5-5.0Iitres 

Time of application 
Crop 

post-transplant 
post-transplant 
post-transplant and post-em 
post-transplant 
post-transplant and post-em 
post-transplant and post-em 
post-transplant and post-em 
post-transplant and post-em 
post-em 

Weeds 

pre-em 
pre-em 
pre- and early post-em 
pre- and post-em 
pre- and post-em 
pre- and post-em 
pre- and post-em 
pre- and post-em 
post-em 

crop damage on light soils or under wet conditions. Chlorpropham, 
at 1 kg/ha, can be added to d iuron in garl ic, especially for the 
control of fumitory. 

post-planting pre-em 

post-planting early post-em 

Sulfallate 5.0-7.0 
Propyzamide 1.5 

Chloro IPC 
Vegedex 
Kerb 

1 0A-14.6 litres 
3.0 kg 

post-sow and pre-transplant 
post-sow, pre-transplant and post-em 
post-sow, pre-transplant and post-em 

pre-em 
pre-em 
pre-em 

Tentative treatment 
Trifluralin* 0.8 Treflan 2.0 I itres 

Lettuce is sensitive to most herbicides. Chlorpropham can cause 
damage on light soils or under wet conditions. Mixtures of chiof-
propham and sulfallate at the lower rates have given good results. 

pre-transplant pre-em 

Propyzamide works best under cool, moist conditions and can be 
qu ite persistent. 
Trifluralin has given good results when watered, rather than 
incorporated, into the soil. 
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Common Dose 
name (kg/ha a.i.) 

Onions 

Chlorpropham 1.0Ŀ2.0 
Chlorthal 5.0Ŀ10.0 
Ch loridazonl 
chlorbufam 2.0-2.7 
Propachlor 4.0-5.0 
Alachlor 1.5 
Chloroxuron 3.04.0 
Chlormethazole 1.0-1.5 
A.ziprotryne 1.5-2.0 
Methabenzth iazu ron 1.5 
Bentazone 1.0 
loxynil 0.6 
Linuron 0.4 
Prometryn 0.4 
Sulphuric acid 10% 
Terbutryn 0.4 
Tentative trelltments 
Eth ofu mesate 1.5--2.0 
Diclofop-methyl 1.0-1.5 

Product 
name 

Chloro IPC 
Di;cthal 

Alicep 
various 
Lasso 
Ter,oran 
Probe 
Brasoran 
Tribunil 
Basagran 
Totr:1 
various 
Gesagard 

Igran 

Nortron 
Hoe-Grass 

Dose 
(per hs) 

2.5-5.0Iitr85 
b.7-i3.3 kg 

4.4-6.0 kg 

3.0litres 
6.0-8.0 kg 
1.3-2.0 kg 
3.0-4.0 kg 
2.1 kg 
2.0 kg 
2.4 Iitres 

0_8 kg 
1000litres 
0.8 kg 

7.5-10Iitres 
2.8-4.21itres 

Chlorpropham should be used only at the lower dose on light soils 
or under moist, warm conditions when there is a risk of crop darr,Ŀ 
age. Experimentally it has been successfully used at 0.8 kgiha at 
the crop 'loop' stage. 
At the crop 'flag' stage the addition of a wetting agent to 
chloridazon/chlorbufam gives control of small seedling weeds. 
Use the lower rate on light soils. To minimise the risk of dama,;Je, 

.,-______ T:...i:.:m:.: Å .:.:e...:o:.:..f .applicati .... o_rl __ _ 
Crop INeed, 

postĿsow ptd-8m 
po~,t-sollV pre-em 

preĿ and post-em pte--em 
pre and post-em pre-em 
post-em pre-em 
post-em pre err; 
post-em pre- 2n(J early post-em 
post-em pre- aild ear Iy postĿem 
post-em pre- ard post-em 
post-em post-em 
post-em post-em 
post-em post-"m 
post-em post-em 
post-em post-ern 
postĿĿem post-am 

pre-em pre- and eGdy post-em 
post-em post-em 

post-em herbicides generally should be applied only after the 
onion two trueĿleaf stage. 
Bentazone controls cleavers and chi'momiles. 
Ch lormethazole controls vvireweed. 
Ch lorthal controls speed wells. 
Ethofumesate controls poa annua. 
Diclofop-meth'/l controls barnyard grass and ryegrass. 
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Common Dose Product Dose 
name (kg!ha a.i.l name (per hal 
Peas 
Tri-allate* 1.4-1.7 Avadex 3.5-4.3 I itres 
Trifluralin* 0.6-0.8 Treflan 1.5-2.0 I itres 
Aziprotryne 1.5-2.0 Brasoran 3.0-4.0 kg 
Cyanazine 1.!>-2.0 Herbitrol 3.0-4.0 kg 
Methabenzth iazu rori 1.5 Tribunil 2.1 kg 
Bentazone 1.0 Basagran 2.0 kg 
Dinoseb acetate 1.5-2.0 various 
Dinoseb ammonium 0.8-1.0 various 
MCPB 1.0-1.5 various 
Prometryn 0.5-0.8 Gesagard 1.0-1.6 kg 
Terbutryn 0.3-0.4 Igran 0.6-0.8 kg 
Tentative treatmonts 
Dinitramine* 0.6 Cobex 2.5 litres 
Diclofop-methyr 1.0 Hoe-Grass 2.8 litres 
Difenzoquat 0.8-1.2 Avenge 4.0-6.0 litres 
Metribuzin 0.3 Sencor 0.4 kg 

MCPB is mixed with dinoseb ammonium or bentazone. particularly 
for controlling thistles and cornbind. Do not apply diclofop-methyl 
within a week of any other spray application. 

Potatoes 
Cyanazine 1.0 Herbitrol 2.0 kg 
Linuron 1.0-1.5 various 
Prometryn 1.0-1.5 Gesagard 2.0-3.0 kg 
Terbutryn 1.0 Igran 2.0 kg 
Methaoonzth iazu ron 1.!>-2.0 Tribunil 2.1-2.9 kg 
Metribuzin 0.5 Sencor 0.7 kg 
Tentative treatment 
Bentazone 1.0 Basagran 2.0 kg 

Alachlor. at 1 kg/ha. can be used in mixtures with other pre-emer-
gence materials. especially for control of grasses. 

Time of application 
Crop Weeds 

pre-sow pre-em 
pre-sow pre-em 
pre- and post-em pre- and early post-em 
post-em pre- and post-em 
post-em pre- and post-em 
post-em post-em 
post-em post-em 
post-em post-em 
post-em post-em 
post-em post-em 
post-em post-em 

pre-sow pre-em 
post-em post-em 
post-em' post-em 
post-em post-em 

Diclofop-methyl. dinitramine, difenzoquat. tri-allate and trifluralin 
are active against wild oats. 

pre-em pre- and post-em 
pre-em pre- and post-em 
pre-em pre- and post-em 
pre-em pre- and post-em 
pre-em pra- and post-em 
pre- and post-em pre- and post-em 

pre- and post-em post-em 

Bentazone has been used particularly for control of cleavers. 
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Common 
name 

Dose 
(kg/ha a.i.) 

Product 
name 

Dose 
(per hal 

Pumpkins, squash, cucumbers, gherkins, marrows 

Tentative treatments 
Alachlor 
Ch lormethaz ;)Ie 

1.5 
1.0-1.5 

Lasso 
Probe 

3.0litres 
1.3-2.0kg 

Cucumbers and gherkins are particularly sensitive to herbicides. 
They are not tolerant to chlormethazole. Alachlor may cause 
reduction in vigour. 

Rhubarb 

Tentative treatments 
Chlorpropham 
Simazine 

1.0-2.0 
1.0-1.5 

Chloro IPe 
various 

2.5-5.0Iitres 

These herbicides can be used safely when the crop is dormant. 

Silver beet, spinach 

Chloridazon 3.04.0 Pyramin 3.8-5.0 kg 
Lenacil 0.8 Venzar 1.0 kg 
Tentative treatments 
Ethof'Jmesate 1.5 Nortron 7.5litres 
Desmedipham/ 
phenmedipham 0.8 Setanal AM 11 4.8litres 

Crop 

pre-em 
pre-úm 

Time of application 
Weeds 

pre-em 
pre- and post-em 

Good results have been obtained with a mixture of alachlor, at 
1.0 kg/ha, and chlormethazole on pumpkins, squash and marrows. 

post-harvest 
post -h a rvest 

pre-em 
pre-em 

pre- and post-em 

post-em 

pre-em 
pre-em 

pre-em 
pre-em 

pre- and post-em 

post-em 

-------.~-.-



Common 
name 

Dose 
(kg/ha a.i.) 

Swedes, turnips 
Trifluralin* 
Nitrofen 
Nitrofen 
Tentative treatments 
Dinitramine* 
Pendimethalin* 
Alachior 
Propachlor 

0.8-1.0 
2.0-3.0 
1.0-1.5 

0.3 
0.8-1.0 
1.5 
4.0-5.0 

Product 
name 

Treflan 
Tok E25 
Tok E25 

Cobex 
Stomp 
Lasso 
various 

Dose 
(per hal 

2.0-2.5 I itres 
8.3-12.5 I itres 
4.2-6.2Iitres 

1.2 I itres 
2.4-3.0 I itres 
3.0 I itres 

Some of these treatments have not been widely tested; there may be 
varietal differences in susceptibility. 

Sweetcom 

Butylate' 4.0-5.0 Sutan 5.5-6.9Iitres 
EPTC/antidote* 4.0-5.0 Eradicane 5.5-6.9 I itres 
Simazine 1.0-2.0 various 
Alachlor 2.0-3.0 Lass'J 4.0-6.0 I itres 
Atrazine/ Primextra 
metolachlor 1.5-3.0 500 FW 3.0-6.0 I itres 

Atrazine 1.0-1.5 various 
Propachlor 4.0-6.0 various 
Tentative treatment 
Linuron 0.5-1.0 various 

Simazine and atrazine are most effective against broadleaf weeds. 
EPTC, butylate, alachlor, propachlor and metolachlor control 
germinating grasses. To avoid damage from linuron, apply asa 
di:ected spray to the base of the crop plants. The contact effect 

Crop 

pre-sow 
post-sow 
post-em 

pre-sow 
pre-sow 
pre-em 
post-em 

pre-sow 
pre-sow 
post-sow 
pre-em 

pre-em 

Time of application 

pre- and post-em 
pre- and post-em 

post-em 

Weeds 

pre-em 
pre-em 
early post-em 

pre-em 
pre-em 
pre-em 
pre-em 

pre-em 
pre-em 
pre-em 
pre-em 

pre-em 
pre- and early post-em 
pre- and earl y post-em 

pre- and post-em 

of atrazine can be improved by addition of a wetter. Atrazine with 
20 litres/ha of an 'all purpose spraying oil' has given good results 
post-emergenc8. 

l!) 
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Common Dose Product Dose 
name (kg/ha a.i.) name (per hal 

Tomatoes 
Trifluralin* 0.8-1.0 Treflan 2.0-2.5Iitres 
Sulfailate 5.0 Vegedex 10.4 I itres 
rvletribuzin 0.3-0.4 
Tentative treatments 

Sencor 0.4-0.6 kg 

Trifluralin* 0.8-1.0 Treflan 2.0-2.5 i ities 
Pebulate* 4.0 Tillam 5.3litres 
Dinitramine* 0.5-0.6 Cobex 2.1-2.5Iitre5 
rvletribuzin 0.3-0.4 Sene or 0.4-0.6 kg 
Alochlor 1.5 Lasso 3.0litres 

In direct-sown seedbeds, damage may occur if mctribuzin is applied 
pre-em under wet conditions or post-em before the tomato four 
true-leaf stage. 

Time of application 
Crop Weeds 

pre-transplant pre-em 
post-transplant pre-em 
post-em pre- and post-em 

pre-sow pre-em 
pre-sow and pre-transplant pre-em 
pre-transplant pre-em 
pre-em pre-em 
post-transplant pre-em 

In experiments, alachlor, at 1.8 kg/ha, or metribuzin, at 0.6 to 0.9 
kg/ha, have been safe and effective when applied to stale seedbeds 
4 weeks before sowing. 
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Response: 
R: r-lesistant 

MR; Moderately resistant, temporary suppression 
MS: Moderately susceptible, growth checked 
S: Susceptible 

He;'bicide Dose Time of 
(kg/ha a.i.1 appliCllt;on 'G wosrl. 

Alachlor 
Atrazine 
Az;protryne 
Bentazone 
Bro~acil 
Chtorbu~ 

1.5 
1.0 
1.5 
1.0 
1.2 

pre-em 
pre- and early post-em 
early post-em 
post-em 
pre and early post-em 

chloridazon 2.2 pre-em 
Chloridazon 3.0 pre err. 
Chlorrricthazole 1.5 preĿ anc early post-em 
Chloroxuron 3.0 pre- and early post-em 
~9rpropham 1.0 preĿ-em 
Chlortha! 8.0 pre em 
Cyanazine 1.5 prG- and early post-em 
Cycloate 3.5 pre-em 
Oesmedipham/ 

pre-em: pre-emergence 
post-em: post-emergence 
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Common name 
<,e. 
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MS 
MR 

S 
S 

S 
MR S 
S S 

MR 
MS 
R 

S S 
R MR 

MR 
S 
S 

~'R 
S 

MS S MS S S R R S MR 
S S S S 

MR MS MS 
MR R 
S MS 

s S 
R 
S 

MS 
R 

MS 
MS ,S 

MS 

MR 
S 

MS 

s 
S 
S 
S 
S 

S MR MS S MS S MS S S 
MR MS S MS S MS 
S S R S S MS S S 

MS S Mfi MR S MR S S 
MS R MS S S MS MS R R 

S 
MS 

R S R S MR MS 
S R S MS S MS S 
R S MS MR 

S MR S 
S S 
S S MS 
S S R 
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~ 
~) 

~. 
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MS S 
MS 
S S 
S R 

S MS S S 
MS MS 
S S S MR 

MS S MS .~S 
S S S MS 

S 
MS 

s S 

phenmedipham, 0.8 post-em S MS MS MR S S 
Desmetryn 0.3 pest-err, S MS R MS MS MR R S S MS MR _.--.l?~~._~ __ S __ S_ 
Din:tramine 0.6 pre-em S MR S R MS MS S S MR S ivlR MS MS MS MR MS S 
Oinoseb acetate 1.5 post-em MR MS S S S R MS S MS MS S S S S 
Diulon 1.0 pre-em S S S R S S MR MS S MS S S MS S S S 
EPTC 5.0 pre-em MR R MS MR S S MR S MS MS MR R R MS MS S 
Ethofumesate 2.0 post-em MS MR MR MS MS R MS S ___ -.ML f>..~S MS __ ~ __ ~ __ _ 
loxynil 0.6 post-em S S S MS MS R MS S R S S MR S MS MS 
Lenacil 1 0 pre-ern R S MS S S S S S MR MS MR MS S MS MR 
Linuron 1.0 pre- and post-em MS S MS S R S MR MR S S MS MS MS S S S 1\15 
Metamluon 6.0 post-ern S S S MS MS S S S S S S S S S 
Methabenzthiazuron 1.5 post-em MS S MR S S S MS MR MS i\IIS S MR S 
Metoxuron 3.5 post-em MR ~ MS MR MS MS MR S Ms .~s---~ ;::. s s ~ 
Metribuzin 0.4 post-em S S S S MR S S MR S S S S R S S S 
Monolinu(on 1.0 pre- and post-em MS S MS S R S S MS S MR MS MS S S S MS 
Nitrofen 1.5 pDst-em R MS F~ MH MS S R S S R S MS R S S 
Pebulate 4.0 pre-Bm R MR MR ___ .s.. S MS ,r.,,1S R Fl MS MS MR MR 
Pendimeth-alin 1.5 pre-em MS MR R S R MS MR 
Prometryn 1.0 pre- and po<;t-Bm S S MS S S MS M R MS MS MS S MS S ~ S MS 
Propachior 4.0 pre-em MS S MS MR S R S S MR MR S MR S MS MR S S 
Propazine 1.5 pre.-ern S S R S S S S S S 
ProDyzamide 1 5 pre-em R MS S MR S S S S S MS MR R S S S MH S S 
"ÄmaZine 1.0 pre-em S s------sMS s S S MR rv1S S S---S---S--S-'--S---S-S 
Sulfaliate 4.0 pre-em R MR fi MS S R MS R Ii R 
Terbacil 1.0 pre-em MS S S S S MS S S 
Terbutryn 0.4 post-em S MS S MR S MR 1\..r1,i=! S S S S S 
Trifluralln 1.0 pre-em S R S R MS R S S MR MS S R R MS S 

Ag-Link HPP 78 
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20.2 INSECT CONTROL 

20.2.1 Introduction 

The most common method of controlling insect pests is some 
form of chemical control. This section deals with this 
aspect but it must be redl ised that there are other 
methods of control available that do not rely solely on 
chemicals. 

The lists that follow deal with the more important agri-
cultural insect pests and the most commonly used chemicals 
for their control. 

As with the weed control secti on, the menti on of a chem-
ical does not constitute an endorsement of the product by 
Lincol n Call ege, nor does it constitute an endorsement 
over other chemicals not mentioned. 

This section is based on the book "New Zealand Insect 
Pests", D.N. Ferro (ed.) published by Lincoln College in 
1976. Readers of this Manual should consult this book for 
further information on the pests dealt with, and also for 
other insect pests that affect deciduous trees, subtrop-
ical fruits, glasshouse and ornamental plants or have 
importance as medical or household pests. 

In conjunction with this book, the various publications by 
the New Zealand Agricultural Chemicals Board should be 
consul ted. 

In the preface to "New Zeal and Insect Pests", Dr Ferro 
wrote: 

"It must be emphasised that local conditions may require 
the usage of special chemicals, techniques or control 
strategies. Al so if a pest occurs on several different 
crops thi s does not necessari 1y mean that the same chemi-
cal and methods of appl ication can be used on all crops. 
Therefore, local advisory personnel should be contacted 
regul arly to assure the most recent and/or appropri ate 
control strategies are being employed . 

Å.. . Many of the insects described are only occasionally 
pests and seldom reach large enough numbers to be classi-
fi ed as pests. It is up to every farmer to become famil-
iar with the pest complex of each crop, and to recognise 
when an insect is present in sufficient numbers to warrant 
pest status and subsequent control. Too often farmers 
and, perhaps more importantly farm advisors, are dependant 
on prophylactic techniques to take care of pest problems. 
Hopefully, the information contained in this book will 
help the farmer to become more informed and therefore more 
independent in making decisions on pest control". 

20-38 



NOTE: Some chemi ca 1 s whi ch coul d be used for control of 
the various pests are listed on the following pages. This 
1 i st is by no means exhausti ve and it is important to 
consult local advi sory personnel as to conditi ons prevai-
ling in your district, the availability of alternative 
chemicals and especially the suitability of using any 
chemical on a cropwneretneproauct 1S to De exported. 
Where alternatives to chemical control are feasibie--ihese 
should be discussed with advisory personnel, as should be 
correct timing of spray applications for the various 
pests. 

ALWAYS READ THE LABEL 

20-39 
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20.2.2 Berry Fruit Pests (Important: Consult M.A.F. about pesticides suitable for use on export crops) 

Pest Chemical 

$owthi stl e aphi d demeton-s-methyl 
dimethoate 

Currant bud mite endosulfan 

Black vine weevil dieldrin 
Fuller's rose weevil 
Strawberry root weevil 

Bugs carbaryl 

Currant clearwing 

Garden weevi 1 

Grape eri neum mi te 

Mealy bug 

dichlorvos 

parathion 

mevinphos 

azi nphos-methyl 

azinphos-methyl 
chlorpyrifos 
methiocarb 

parathion 

demeton-s-methyl 

lime sul phur 

parathi on-methyl 

Rate AI* 

0.02% 
0.03% 

0.15% 

3.5 kg a.i./na 

0.15% 
0.02% 

0.02% 

0.04% 

0.05% 

0.05% 
0.03% 
0.07% 

190 9 aĿi./ha 

0.02% 

1% 

0.04% 

parathion-methyl 0.04% + 1% oil 
+ oil 

chlorpyrifos 0.03% 

Grapevine moth 

omethoate 0.06% 

pirim1phos-methyl 0.05% 

phosmet 

azinphos-methyl 

carbaryl 

0.08% 

0.05% 

o.ln 

Remarks 

Growing tios should be closely inspected at re9ular intervals 
for aphi ds. Observe wa iti ng peri ods. 

For moderate to heavy infestations, repeat after 3 weeks at 
0.15% if necessary. Permit required unless used according to 
special conditions. Observe waiting period. 

Granules may be appl ied to soil prior to planting but not with 
a spinner. In establ ished beds apply to soil in autumn and 
early winter. Permit required. 

Spray late in the evening. Found to be successful on straw-
berries. Short waiting periods. 

Very hazardous material. Long waiting period. Permit 
requ1 red. 

Highly hazardous, 5 day waiting period on strawberri~s, 3 days 
on other crops. 

Apply irrmediately post harvest and 2 and 4 weeks 1 atel~. 

Suggested chc.mi cal s for control of adul ts on fo 1 i age. 

Apply at bud burst. 

Effective against existing leaf infestations. 

At terminal bud bUrst. 

Permit required, use only on severe infestations. 

Very hazardous. Avoid high temperatures when applying on 
sprays. 

Less hazardous than above. Use on low and moderate infestat-
ions. 

Minimum 2000 lfha before bunches close. 

Not less than 625 g a.i .fha. 

Only after flowering. 

Applied before or after flowedng, not very persistent. 
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Pest Chemical 

Gra:;.s grub 1 indal1e 

diazinon 
fensul foth; on 

Greedy sca 1 e diazinon 
phosmet 
ezi nphos-methyl 

Leafhoppers demeton- s-methyl 
dimethoate 

Leafroller azi nphos-methyl 
phosmet 

Raspberry aphi d demeton-s-methyl 
dimethoate 

Raspberry bud moth azi nphos-methyl 
carbaryl 
methomyl 

Raspberry sawfly carbaryl 

Root nematodes parathion 

Strawberry aphi d demeton- s -me thy 1 
dimethoate 

Two spotted spi del'" mi te 

Rate AI* 

2 kg a.i./ha 

2 kg a.i./ha 
2 kg a.i./ha 

0.05% 
O.la 
0.05% 

0.02% 
0.03% 

0.05% 
0.11% 

0.02% 
0.03% 

0.03% 
0.15% 
0.02% 

0.1% 

0.01% 

0.02% 
0.03% 

Remarks 

May be app 1 i ed to soil PI"'; or to p 1 anti ng but not \/ith asp; n-
nero In establ ~shed beds apply to soi 1 in autumn and eal-ly 
winter. Permits required. 

Less persistent than above, thring critical. 

Suggested chemicals only. 

Frequency of application depends on crop. consult local 
adv; sors. Chl:!ck prcduct sui tabil ity for export k i wifru it. 

Used in place of carbaryl post-harvest . 
Short tenn control. 

Suggested chemical only. 

Soak roots of valuable plants in solution. 

Spray on appearance. 

Refer to pip and stone fruit recolmlendations. 

* Unless otherwise stated the rate is givpr, dS the percentage &ctive ingY'edient to be applied, It is assumed that for dilute 
applications 2000-3000 litres of solution are applied per hectare for 3 x concentrate 670-100C litres are applied. However, 
the same amount of toxicant ;s applied per hectare with a dilute or 3 x concentrate application. The concentrations listed 
above are for dilute appl ication. 
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20.2.3 Pip and Stone Fruit (Important: Consult M.A.F. about pesticides suitable for use on export crops) 

Pest 

Codl ing moth 
Leaf roller 

Mealy bug 

Spi der mites 

Chemi cal 

azi nphos-methyl 

phosmet 
(appl es) 

chl orpyri fos 
(apples) 

carbaryl 

Rate AI* 
(per 100 1 itres 
of water) 

50 9 

100-150 

25-38 9 

80-120 9 

parathi on-methyl 24-30 g 
(pears mainly - apples 
before blossom) 

chlorpyrifos 
(apples) 

mevi nphos 

dimethoate 

carbaryl 

bromopropyl ate 
(apples) 

propargite 
(apples) 

25-38 9 

37 9 

32 9 

80-120 9 

gO 9 

60 9 

Remarks 

Compatible IMC programmes. Good persistence. 

Not as effective as azinphos-methyl for leaf roller. Can 
russet sensitive varieties if used during cool, slow drying 
conditions. Compatible IMC programmes. 

Compati bl e IMC programmes. 

Inferior for leafroller. Short persistence. Useful close 
to harvest. Waiting period 1 day. 

Apply with 2.5% oil spray at bud bUrst. 

Minimum of 2 consecutive sprays mid November-mid December 
suggested. 

Emergency clean up spray. 3 day waiting period. 

Apply as dilute spray. Slow drying. Evening spray best. 

Less toxic to handle, short persistence. 

Effecti ve control summer popul ati ons. Comp1 ete coverage 
essential. 

Summer knockdown. Non-systemic - good coverage essential. 
Do not apply within 30 days of an oil spray. 

azocyl oti n Early season Effective. Non-systemic. Variation in dosage rate necessary, 

cyhexatin 

oi 1 s - dormant & 
greenti p use: 

12.5 g (375 g/ha) especially where integrated mite control (LM.C.j is not 
Mi d/1 ate season practi sed. 
18-25 9 (750 g/ha) 

13-20 9 (not 
1 ess than 500 
g/ha) 

2.4-3.8 1 itres 

Effective, slow action against mobile stages. Best used 
before mite numbers get too high. ~ predator mite 
survives this treatment. Variation in dosage rates necessary 
to ensure adequate product per hectare. Use high rate when 
twospotted spider mite present or when mite propul ations are 
high. 

Apply during the month before bud burst. Dilute application. 
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Pest Chemical 

Oi 1 5 - sUll1ller use 

Woolly apple aphids omethoate (apples) 

varni doth; on 
(apples) 

lindane 50 W.P. 
(apples) 

chl orpyri fos 

Aphi ds demeton- s-methyl 

Thri ps derneton-s-rnethyl 

diazinon 

azi nphos-methyl 

Rate AI* 

1 1 itre 

58 9 

50 9 

25 or 50 

25-38 9 

19-25 9 

19-25 

50 9 

50 9 

Remar-ks 

Use only if summer miticides not effective. Avoid captan 
difolatan or sulphur residues on trees to be sprayed. Two 
sprays 7 days apart. Dilute drenching spray essential. 
Compatible IMC programmes. 

Oil ute spray, 4000-6000 1 itres/ha. 

Specific single app1ication. toxic to predator mites. Six 
week waiting period. 

High rate during dormancy. low rate at petal fall or first 
cover. 

Systemic, effective once in full leaf. Don't mix with oils. 

To prevent deformed and scarred fruit. Apply promptly. Pre-
bloom sprays sometimes applied also. 

Waiting period: 14 days. 

Waiting period: 14 days - smooth skin. 21 days other. 

* Rates are quoted in quantities of active ingredient per 100 litres of water. 
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20.2.4 Cereal Crop Pests 

Pest Chemical 

Argent; ne stem weevi 1 phorate 
carbofuran 

Armyworms fenitrothion 
methomyl 
diazinon 

Cerea 1 aphi d demeton-s-methyl 

disulfaton 
phorate 

Cereal leaf aphid demeton-s-methyl 

Grai n aph1 d demeton-s-methyl 

Greasy cutworm fenitrothi on 
fi.ethomyl 
diazinon 
permethr1n 

Wheat bug diazinon 

20.2.5 Forage and Seed Crop Pests 

Pest Chemical 

Aphl ds bl"'omophos 

Austral ian crop maldison 
mirid 

Clover casebearers bromophos 
dichlorvas 

Clover mi tes di cofol 
maldison 

Cocksfoot mi dge diazinon 

COCKsfoot thrips diazinon 

Potato mi rl d maldison 

Product Rate 
(a.i./hal 

1-2 kg 
1.0 kg 

1.8 kg 
400 9 
650 g 

150 g 

1 kg 
1.5-2.0 kg 

150 g 

150 g 

1.8 kg 
400 g 
2.0 kg 
125 g 

Product Rate 
(a. i./haJ 

300 g 

1 kg 

600 g 
200 9 

300 g 
200 g 

1 kg 

1 kg 

1 kg 

Remarks 

Systemics applied as granules at time of sowin]. 

Apply to cereals as soon as armyworms are apparent. 

Appl ied as a spray in August prevent secondary virus spread. 

Systemics appl fed as granules at time of sowing. 

Seldom needs to be sprayed. 

Apply as a fol iar ~pray to immature wheat when 30% or more of 
the heads are infested. 

Apply as a spray directed towards base of plants. 

Apply as a foliar spray when bugs become noticeable in wheat 
heads arid grains are in the 'milk-ripe' state. 

Remarks 

For lucerne and clover crops in flower. Apply during evening. 
Permit required to spray crops in blool"1. 

Spray on appearance and repeat at 2-3 week intervals. 

Apply ĿIn the evening or early morning as a foliar spray. 
A permit is required to spray clover in bloom. 

Apply as a foliar spray. Both are toxic to bees. 

Apply when flowers are in full head. Do not normally need to 
spray for this pest if seed crop is properly managed. 

Apply at flowering. 

Spray on appearance and repeat at 2-3 week interval s. 
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Pest 

Red clever thrips 

20.2.6 Livestock Pests 

Pest 

Blow fl ies 

Cattle lice 

Cattle tick 

Chori opti c mange 
mite 

Follicle mites 

Horse bot fl ies 

Pig louse 

Sheep itch mite 

Sheep ked 

Sheep 1; ce 

Sheep nasal bot fly 

Stable fly 

Chemical 

bromophos 
dichlorvos 

Chemical 

ch 1 orfenvi nphos 
diazinon 

fench I orphos 

crotoxyphos 

famphur 
fenthi on 

cr.l orfenvi nphos 
coumaphos 
phosalone 

1 ;ndane 

1 indane 

tri chl orphon 

coumaphos 

famphur 
fenthi on 

11me sul phur 

fenchlorphos 

coumaphos 
diazinon 

1 i ndane 

tri chl orphan 

dichlorvos 

dichlorvos 

* Percentage active ingredient 

Product Rate 
(a.L/ha) 

600 9 
200 9 

Product Rate* 

0.025% 
0.02% 

0.05% 

0.125% 

13% 
12% 

0.05% 

0.1% 

0.1% 

10% 

0.05% 

13% 
12% 

1% 

0.025% 

0.05% 
0.02% 

0.1% 

10% 

0.1% 

Remarks 

Spray in evening or early morning. Note Apiaries Protection 
Regulations. 

Remarks. 

Jetting as J preventive measure. 

Creams or solutions for ind-Ividual ';..featment. 

O"ip or shower for lactating cattle. 

Pour on treatment. 

Gives 2-3 weeks protection on sheep and 2-3 days on cAttleo 

Appl ied as a foot bath for 1eg mange and as a cream for 
scrotal mange. 

applied as a cream to infested pi'lrts. 

applied as a drench according to body wei\,ht. 

appl "led as a dip or shOWer_ 

pour on treatment. 

applied as a dip or shower. 

<1ppl 'fed as a dip or shm!u. 

applĿled a dip Or' shower" 

foot bath for' foot louse. Sheep must not be d1 pped in 
linjane. 

Applied as a drench Accord.ing to body w.;:;ighl. 

pesticide strips hung in bldldi'~~s. 

Sprayed on buildings in ;:.laccs where fliP'S 
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20.2.7 Pasture Pests 

Pest Chemical 

Argenti ne stem weevi 1 carbofuran 
ph orate 

oxamyl 

Armyworm diazinon 
fenitrothi on 
methomyl 

Australian solder fly carbofuran 
phorate 

Black beetle fensulfothion 

Black field cricket 

B 1 uegreen 1 ucerne 
aphi d 

Pea aphi d - as for 
BGLA 

Grass grub 

Greasy cutworm 

Lucerne fl ea 

t'orina 

Sitona weevil 

51 ugs 

fensul fothi on 
phorate 

maldison 

demeton-s-methyl 
pi rimicarb 
fenval erate 

di azi non 
fensul fothi on 

1 indane 

methomyl 

maldison 

diazinon 
fenitrothion 

azi nphos-methyl 
fenitroth; on 

meta 1 dehyde 
methi ocarb 

Product Rate 
ia.L/ha) 

I kg 
I kg 

480 9 

650 g 
I kg 
400 g 

2 kg 
2 kg 

2 kg 

2 kg 
2 kg 

150 g 

100 g 
100 g 
25 g 

2 kg 
2 kg 

2 kg 

400 g 

300 g 

0.8-1.2 kg 
7S0g-lkg 

200-300 g 
300 g 

6-10 kg bait 

Remark 

Side dressp.d along seed lines for control in maize, when 
undersowing pastures or sowing new pastures. 

For controlling larvae in grass pastures and grass seed crops. 

Apply to pastures as soon as damage ;s apparent. 

Underdrilled in pastures or side dressed along seed lines in 
maize. 

Applied as granules in late November-early December to control 
larvae, or in September to control adults. 

Applied as a band above maize seed at time of planting to 
control adul ts. 

Applied as 150 g plus 11 kg wheat at 11 kg/h ÅÅ 

Apply at first signs of damage. 

All should be applied as granules. Diazinon is NOT recom-
mended on heavy soils or soils high in organic matter. Half 
rates when di rect dri 11 ed. 

For sheep and beef farms only. and can only apply from April 
to June - must have permit. 

Applied as a foliar spray. 

Should be appl ied in early autumn. 

Apply as a foliar spray when larvae are still actively 
feeding. Use higher rate when caterpillars large or 
i nfestati on heavy. 

Applied as a foliar sp,:"ay to control adult weevils in autumn. 

Incorporated into baits; broadcast or band application. 
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Pest 

Tasmanian 
grass grub 

Whitefringed weevil 

Chemical 

diazinon 
fenitrothi on 

methomyl 
fenitrothion 

Product Rate 
(a.i ./ha) 

1-2 kg 
1 kg 

1-2 kg 
1-2 kg 

Remark 

Applied as a foliar spray while the larvae are stili actively 
feeding. 

Applied as a foliar spray to kill adult weevPs. Several 
sprays necessary during February-April when adults active. 

20.2.8 Stored Products Pests 

The major consideration in control of stored products pests ;s the type of cOJJlTlodity and its future use rather than the 
species of insect. The rates given are for temperature between 16-20 degrees C and for concrete or steel structures. 

Compound 

Fumigants: 

Methyl Bromi de 

Methyl Brom; de 
{reduced pressure} 

Hydrogen Cyani de 

Hydrogen Cyani de 

Aluminium 
Phosphide 

Rate 

1.25 kg/20 tonnes 
1.25 kg!24 tonnes 
1. 25 kg/23 tonnes 

for 24 hours 

Conmodity 

Barl ey ) 
Wheat ) Stored in bul k 
Maize } 

Bagged grain 

Remarks 

The gas should be recirculated if possible and 
after fumigation removed by aeration of the grain. 

25 g/m3 for 24 hour 

35 g/m3 for 24 hour Milled cereals and nuts Recirculate gas. 
in impermeable containers. 

40 g/m3 for 3 hour Bagged grain, nuts, Sustained vacuum (25 to 100 mm mercury). 

50 g/m3 for 30hour 
at 20 to 25 C 

35 g/m3 for 24 hour 

spices and dried fruits. 

Milled cereals in permeable 
contai ners. 

Nuts, shelled or in the 
shell. 

As for methyl bromi de Barl ey 
Wheat 
Maize 

Stored in bul k 

40 g/m3 a for 3 hour 
at 20 C 

85 g/m3 for 4 hour 
at 200C 

90 tabl ets/20 tonnes 
gO tablets/24 tonnes 
90 tab 1 ets/24 tonnes 
for 4 days 

45 tablets/30m3 for 
4 days 

Bagged grai n, nuts, 
spices, milled cereals 

Tobacco 

Barl ey ) 
Wheat ) Stored in bul k 
Maize } 

Bagged grain and spices. 

As for methylbrom1de. Highly hazardous compound. 

Sustained vacuum (20 to 150 mm mercury). Highly 
hazardous compound. 

After fumigation the gas should be removed by 
aerati on. 
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Compound 

Ethylene Dichloride-
Carbon Tetrachloride 
mixture (3:1 ratio) 

Chloropicrin 

Insect; ci des: 

Bromophos 

Oi clll orvos 

Maldison 

Pi rimiphos methyl 

Rate COlIlTlodity Remarks 

5 1 itres/65 tonnes Barl ey 
5 1 itres/B tonnes Wheat) Stored in bun 
5 litres/12.4 tonnes Maize 
for 7 days 

500 g/m30 for 24 hr 
at 20 C 

1 kg!20 tOMes 
1 kg/24 tonnes 
1 kg/23 tonnes 
for 24 hours 

50 g/m30fOr 14 hr 
at 20 C 

Bagged grain 

Barl ey 
Wheat ) Stored in bulk 
Maize 

Bagged grai n. nuts 

50 g a.L/5 21itres Walls and floors of 
water/lOa m storage facil Hies, 

100 9 a.L/l20 litres Bulk grain. 
/10 tonnes 

10 9 a. i ,/10 1 itres 
/100 m sq. 

Wall s and floors of 
storage structu res. 

500 g a.L!20 litres Storage facilities. 
water 

100 Y a.L/l20 litres Bulk grain 
water/l0 tonnes 

1 smoke generator 
1570 m sq. 

200 9 a. ;'/15-100 
1 itres/500 m sq. 

200 g 2% dust/tonne 

Apply to empty silos, 
warehouses etc. 

Walls and floors of 
storage structures. 

Aerate after 24 hours. 

Thorough aerati on requi red. 

Maximum residue 2ppm. Min';mum quality to be 
treated - 10 tonnes. 

Observe 12 hour witl1holding period. 

Maximum residue 8ppm by weight. 
Minimum quantity to be treated 10 tonnes. 

Use 15 1 itre rate on non-porous and up to 
100 1 itre rate on porous surfaces. 

Maximum residue lir!lit 5ppm. 

NOTE: If the surface to be sprayed ;s porous the rates given ;r. the table shouldĿ be doubled. 
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20.2.9 Vegetable Crop Pests (Important: Consult M.A.F. about pesticides for use on export crops) 

Pest Chemical Product Rate 
la. "i./ha) 

demeton-s-methyl 200 g vl 200 9 Fol iar sprays - spray on appearance. Repeat 2-3 

Carrot rust fly 

Caterpill ars: Green 
looper; Tomato fruit-
worm; Greasy cutworm 

Diamondback moth 

Green vegetabl e bug 

Potato moth 

Slugs & snails 

Thri ps 

Tomato stem borer 

Weevi 1 s 
(1 arvae and adul ts) 

Whi te butterfly 

Wi reworms 

pir;m;carb 

di sulfoton 
phorate 

diazinon 
phorate 
fensul fothi on 

carbaryl 
perrnethrin 
methomyl 

methami dopl1os 
diazinon 
permethrin 
fenvalerate 

carbaryl 
maldison 

azi nphos-ethyl 
endosul fan 
methami dophos 

meta 1 dehyde 
methi ocarb 

demeton- s-methyl 
maldison 

carbaryl 
diazinon 

azinphos-ethyl 
carbaryl 

methami dophos 
diazinon 
permethrin 
fenval erate 

diaz;non 
fensul fothi on 

125 g 

1.1-1.7 kg 
1-1. 5 kg 

2.2 kg 
2.2 kg 
2.2 kg 

1-2 kg 
50 g 
300-400 g 

660-900 
1 kg 
50 g 
150 g 

1-2 kg 
1 kg 

500 g 
750 9 
660 9 

6-10 kg 

200 g 
0.5-1.5 kg 

1. 5-2 kg 
750 g 

400-500 g 
1. 5-2 kg 

660-900 9 
1.0 kg 
50 g 
150 g 

1.0 kg 
1.5 kg 

weeks later. 

Granular application - for potatoes apply in bands 
at base of furrows when :>lantlng. 

Incorporate granules into soil prior to sowing or 
banded with seed at sowing. 

Spray on appearance. repeat at 2-3 week interval s. 

Apply when damage becomes noticeable. Repeat at 2 
week i nterva 1 s. 

Spray on appearance. Repeat at 10-14 day interva1s. 

Repeat at 10-14 day intervals. 

Appl ied as baits. either broadcast or banded. 

Spray on appearc;n~e. Repeat at 10-14 day intervals. 

Spray on appearance and ensure thorough cov2rage on 
base of stems. Repeat at 10-14 day intervals. 

Foliar sprays - spray on appearance. Repeat at 10-
14 day intervals_ 

Spray on appearance. Repeat at 10-14 day intervals. 

Incorporate granules into soil prior to sowing. 



20.3 DISEASE CONTROL IN CROPS 

20.3.1 Introduction 

Most plant diseases can be placed conveni 
groups based on their main method of spraad; crop 
~rop and from season to season. The three groups are as 
follows: 

* Seed-borne 
* Air~borne, including splash dispersal and spread by 

insects 
* Soil-borne 

Informati on on these aspects of the 1 He cycl e of p1 ant 
diseases is essential in determining the strategies that 
can be used for their control. 

In considering control programmes, there are four aspects 
of importance: 

(i) Reduce or eradicate the sources of plant diseases. 
This is primarily concerned with hygiene, and is 
based on the 01 d adage that "preventi on ; s better 
than cure". Rotation of crops is also important 
here. 

(ii) Where practical, alter the environment (soil, crop 
and storage) in favour of the host pl ant, so 
reducing the chances of diseases becoming establi-
shed and/or slowing down their rate of spread in 
crops. 

(iii) Use resistant cultivars. Most plant breeding pro-
grammes have, as one of the; r a'ims, the develop-
ment of new cult; vars that are more res; stant to 
diseases than those they are to replace. This is 
the best method of control and for many diseases 
there are good resistant cultivars. 

(iv) Protection of the host plant: 
There has been some successes with the use of 
biological control of plant diseases, i.e. using a 
non-pathogen; c speci es to i nhi bit or retard the 
development of disease-causing organisms. 

In general it is still necessary to rely on 
chemica'is for protection. These are i>,pplied in a 
number of ways to crops, e.g. as seed treatments, 
as sprays or dusts, and as granules (often applied 
into the soil). The chemicals that are available 
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are of three types: 

(a) Protectant - applied to outside surfaces of 
the plant and interfere with germ; nat; on and 
infection of the plant by pathogens (dis-
ease-causing organisms); for example, copper 
oxychloride, captan, thiram. 

(b) Eradicant - these, as well as protecting, 
have limited movement into the plant to 
eradicate established infections, e.g. 
dodine (Melprex, etc.) used for black spot 
control in appl es. 

(c) System; cs - these have been developed si nee 
1965, and will act as both protectants and 
eradicants, as well as being able to move 
through the plant in upwards direction in 
the xyl em, or water transport pathway. 
There are a number of different compounds 
available, e.g. benomyl. carboxin, thiabend-
azole, triadimefon, etc. 

There are two di ffi cul ti es associ ated with 
the use of systemics. Most have a narrow 
spectrum of activity inhibiting some fungal 
organisms and not others. Thus it ;s 
essential to know the range of organisms 
that a re affected by each, and in order to 
obtai n effect; ve control of two or more 
di seases it may prove necessary to use 
mi xtures of two systemi cs, or mi xtures of a 
systemic with a protectant. The other 
disadvantage of systemics is that a number 
of fungal organi sms can develop res i stance 
to thei r acti on. Thi s breakdown of effect-
iveness can be avoided by a number of 
methods such as alternatinq the use of a 
systemic \~ith a protectant, or IJsing 
systemics from different groups. 

NOTE 1: The various chemicals used in plant 
disease control are listed by their common 
name with the main trade name or names in 
brack ets. The 1 i st is not complete and the 
use of alternative chemicals should be 
discussed with your local advisory people, 
as well as considering 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 ~ssoc
iated with their use. 
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NOTE 2: In order to explain control of 
cereal diseases it is necessary to under-
stand the growth stages of cereals. This 
diagrall11latic key is reproduced on the 
following pages. 

GROWTH STAGE KEY FOR CEREALS 
(Sometimes referred to as the Feekes Scale) 

Stage 
1 

2 
3 

4 

5 

6 
7 

8 

9 
10 

10.1 

10.2 
10.3 
10.4 
10.5 

One shoot (number of 1 eaves can be added) = 
"brairding". 
Beginning of tillering. 
Tillers formed, leaves often twisted spirally. In 
some varieties of winter wheats, plants may be 
"creeping" or prostrate. 
Beginning of the erection of the psuedo-stem, leaf 
sheaths beginning to lengthen. 
Pseudo-stem (formed by sheaths of leaves) strongly 
erected. 
First node of stem visible at base of shoot. 
Second node of stem formed, next-to-last 1 eaf just 
visible. 
Last 1 eaf vi si bl e, but sti 11 roll ed up, spi ke 
beginning to swell. 
Ligule of last leaf just visible. 
Sheath of 1 ast 1 eaf compl etely grown out, spike 
swollen but not yet visible. 
First spikes just visible (awns just showing in 
barley, spike escaping through split of sheath in 
wheat or oats i. 
Quarter of heading process completed. 
Half of heading process completed. 
Three-quarters of heading process completed. 
All spikes out of sheath. 
10.5.1 Beginning of flowering (wheat) 
10.5.2 Flowering complete to top of spike 
10.5.3 Flowering over at base of spike 
10.5.4 Flowering over, kernel watery ripe 

11.1 Milky ripe. 
11.2 Mealy ripe, contents of kernel soft but dry. 
11.3 Kernel hard (difficult to divide by thumbnail). 
11.4 Ripe for cutting. Straw dead. 
(After E.C. Large, 1954. Plant Pathol. 3:128-129). 

20-52 



N o 
I 
U1 
tAl 

STAGE 
0 

GROWTH STAGES r-_ STEN 

IN 

WHEAT, OATS, 

.,. BARlE::,,::~,~ 

STAGE 
STAGE 2 
t 

tillering 
one 
shoal 

begins 

STAGE 
4 STAGE 

3 leaf -
tillers sheaths 
formed lengthen 

STAGE 
5 

leaf-
sheaths 
strongly 
erected 

STAGE 
6 

first 
node 

of stem 
visi ble 

STAGE 
7 

second 
node 
II ISlb Ie 

EXTfN SION 

STAGE 
9 

STAGE ligule of 
8 la3t leaf 

just 
last leaf visible 
Just 

visible 

STAGE 
10 

In "boot" 

rHEADI~' 

I STAGE 
10.1 
( see 
notes) 



20.3.2 Cereals - Wheat, Barley, Oats and Maize 

(i) Seed-borne Diseases 

All cereal grain for sowing must be treated with 
an approved fungicide such as: 

Wheat - Orthocide 75, Dithane M45, Vitaf10 200, 
Bay tan F17; 

Barley - Dithane M45, Vitaflo 200, Bay tan F17; 
Oats - Dithane M45, Vitaf10 200, Bay tan F17; 
~laize - Vitaflo 200, Benomyl/Thiram, 

Benomyl/Captan. 

The purpose of seed treatment is to control 
disease organisms on or in the seed, as well as to 
protect the seedl ings against soil-borne patho-
gens. Some fungicides, e.g. Bay tan F17, can 
protect against some air-borne pathogens (e.g. 
powdery mildew, stripe rust), when these are 
present in the young crop. 

The di seases that must be control1 ed by seed 
treatment are the stinking and covered smuts, and 
where loose smut is a problem, a systemic product 
should be used, such as Vitaflo 200 or Bay tan F17. 

In barley net blotch can be serious, but in 
general it is effectively controlled by the use of 
Dithane ~145, Vitaf10 200 and by Bay tan F17. 

In maize, head smut (both seed and soil-borne) is 
partially controlled by seed treatment using 
carboxin + thiram (Vitaf10 200) and benomy1/captan 
or benorny1/thiram mixtures. In fields with high 
levels of smut alternative crops can be grown to 
reduce levels of smut in soil. 

(ii) Soil-borne Diseases 

Take-all - in wheat 
and barley (and 
couch/twitch) 
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Rotate crops, burn or 
destroy stubble. Avoid 
areas where couch is pre-
sent or has been killed 
by Roundup. 



Eyespot - in wheat Can be a problem in 2nd 
or 3rd crops. Rotate 
crops, burn or destroy 
stubble, good weed con-
trol, sowing rate less 
than 150 kg, use of par-
tially resistant cvs. 
(Takahe, Aotea). Chemical 
- spray benomyl at growth 
stage 7-8. (See growth 
stage key). 

Root Rots of Maize May be severe in some 
areas. Such areas should 
not be used for future 
maize sowings. 

(iii) Air-borne Diseases 

Barley yellow dwarf virus (BYDV) spread by the 
cereal aphid. 

Wheat - autumn-sown - sow in 1 ate Mayor early 
June to avoid the aphid flights. 

Spri ng (September) sown wheat - BYDV is of much 
less importance, though in some trials yield 
losses have been prevented by the use of a granu-
lar D.P. insecticide at sowing followed six weeks 
later by an D.P. spray. 

Barl ey - because of its faster growth rate, seems 
much less affected by BYDV. However, virus-infec-
ted pl ants can sometimes be seen as markedly 
yellow in colour and scattered throughout crops. 

Oats - 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 health of grazing stock. Oats, sown for 
grain, when infected show blasting of the head. 

Stripe Rust This occurs only in wheat. Seed of 
susceptible cultivars (e.g. 
Rongotea, Takahe, Tiritea) must be 
treated with Bay tan F17 to project 
seedling plants against infection 
and thus delay epidemic develop-
ment. Infection still can occur in 
crops, and they shoul d be treated 
with a suitable fungicide spray as 
soon as stripe rust is detected. 
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Leaf Rust 

Stem Rust 

Speckled Leaf 
Blotch 

Powdery 
t'lil dew 

I n May-sown crops, thi s ; s gener-
ally in early October. A further 
spray may be required in early to 
mid-November. An alternative 
control is to use resi stant 
cultivars (e.g. Karamu, Konin;, 
Orua) . 

Can appear late ;n wheat or bar1 ey 
crop growth (at or after flower-
ing). Grain size is reduced, 
because the leaf area is less, and 
so there is 1 ess ass; mil ates for 
the grain. If more than 50% of the 
flag leaf and leaf 2 are infected 
at this stage (G.S. 10.5 to 10.5.4) 
then the crop shaul d be sprayed 
with triadimefon (Bayleton), or 
with other suitable fungicides. 

This also occurs late in crop 
development - infecting the stem 
below the ear and reducing the 
movement of water and assimil ates 
to the developing grain. Stem rust 
is not often a problem in New 
Zealand, but in some seasons and in 
some localities spraying with 
Bay1eton may be necessary. 

Can occur early in growth of autumn 
(t<1ay-June) sown wheat. Spray from 
early to 1 ate August when the 
disease can be found infecting at 
least half the first leaves of 
seedling wheat. Best time of appli-
cation is probably G.S. 3-4, using 
Benomyl (Benl ate) or tri adimefon 
(Bayleton). This also can occur 
later in crop development (at 
flowering) when sprays for leaf 
rust control will provide control. 
As the fungus survives on crop 
debris, burn or destroy wheat 
stubble as soon as possible after 
harvest. 

Occurs on wheat and barley, though 
the races on each are distinct, the 
one on wheat will not infect barley 
and vi ce versa. In suscepti bl e 
cultivars some losses of yield have 
been detected. However trials have 
shown that spraying only for mildew 
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Net Blotch 
of Barley 

Maize -
Northern 1 eaf 
b 1 i ght 

control is not economical. With 
some cultivars (such as Hilgendorf) 
spraying may be worthwhile, use 
triadimefon (Bayleton), or other 
chemicals effective against mildew. 

~1ai nly controll ed through the use 
of effective seed treatment 
chemical s. However, the disease 
al so can spread into barl ey crops 
from outside sources such as 
stubble and volunteer plants. 
These sources must be destroyed 
before spri ng sowi ng of barl ey 
commences. 

A common disease, generally severe 
in some areas of the Waikato 
causing losses in yield. The 
fungus survi ves in the debri s from 
the previous crop, so plough 
stubble early to reduce this carry-
over of disease. Resistant 
cul tivars are an effective means of 
control. 
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20.3.3 Potatoes 

Late Bl i ght 

Early 81; ght 

Black Scurf - Rhizotonia 

Skin Spot, scurf, dry 
~~;bf~~s rangrene (storage 

Viruses 
Mild mosaic (PVX) 

Severe mosaic (PVY) 

Leaf Roll (PLRV) 

Spread By 

Tubers and air 

Ai r 

Mai n1y by tuber 
(on outside), 

Soil 

Tubers and SAP 

Cultural 

Destroy vol unteer pl ants 
and pil es of di scarded 
tubers. Most certified 
seed is free of tuber 
infection. 

Occurs generally late in 
season, more common in 
dry weather. 

Rotate crops. Plant shal-
low in warm soil to ensure 
rapid emergence. 

Rotate crops. 

Control 
Chemical 

Spray at fi rst appearance of 01; ght, wi th 
maneb (various products). mancozeb 
(various) prop;neb (Antraco), chlorothal-
onil {Bravo, metal ayl (Ridomil MZ 72WP)), 
tin compounds (Brestan and Outer). Spray 
every 10-14 days only if weather conti n-
ues warm and moi st. 

Above spray programme provides control. 

Treat seed tubers by dipping or dusting 
with benomyl, captan, thiabendazole. 

Treat seed and table tubers soon after 
harveot with thiabendazole spray. CUre 
at 15 C for 3 weeks before transferring 
to storage temperature. 

Present in many cultivars, though most of the new cvs are resistant. 

Tubers and APHIDS Only a problem in some cvs such 3S King Edward, Epicure, Jersey Bennes, 
Glen !lam. 

Tubers and APHIDS Occurs in all cultivars, most are very susceptible, though Katahdin 
shows resistance to infection. This virus is frequently the main cause 
of seed potato degeneration. Spread can be prevented by controlling 
aphids, during early plant growth, by means of granular O.P. insecti-
cides applied at planting time, e.g. disulfoton (Disyston) or ph orate 
(Thimet) Å 

In general, potato viruses are controlled through seed potato certification. The standard for Group 1 ;s less than 0.1% 
virus, less than 0.5% for Group 2, and less than 1% for Group 3. 

Verticill 1um Wilt Tubers and so; 1 

Common Scab Tubers and soil 

Rotate with crops that are not susceptible to the wilt fungus. 
Treatment of seed tubers with thiabendazole appears to provide some 
degree of control. 

Provide acid soil conditions, rotate crops, do riot plant scab-infected 
seed, use irrigation during tuber initiation and early tuber growth. 
(Scab is much more severe under dry conditions). 
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20.3.4 Peas 

Pea Mosaic Virus 

Pea Top Yellows Virus 

Fusarium Wilt 

Bacterial B1 ight 

Damping off (pythium spp) 

Foot Rot (Fusarium supp) 

Ascochyta campl ex 

Aphanomyces root rot 

20 3.5 Brass;cas 

Spread By 

Aphids 

Aphi ds 

Soil-borne 

Seed, in crop 
debri 5 and by 
machinery. 

So; l-borne 

So; l-borne 

Seed-borne 
Air-borne 

So; l-borne 

Turnips, Swedes, Marrow-stenmed Kale, Rape. 

Dry Rot 

Clubroot 

Viruses 

Spread By 

Ai r-borne - from 
crop debris 

So; l-borne 

Turnip mosaic virus - Aphids 
Cauliflower mosaic virus - Aphids 

Control 

Resistant cultivars. 

Resistant eul tivars. 

Res; stant eul tivars. 

Seed certification of all field peas. Not usually detected in garden 
peas. 

Use seed treated with a fungicide. Orthocide 65 generally used. 

Seed testing, use seed lots (lines) with low level of infection. 

Avoid areas known to be infected. Rotate crops. Soil testing by 
M.A.F. so as to know level of this disease in the soil. 

Control 
Cul tural 

Rotate crops 

Rotation - spores survive 
in soil 6 years, so if 
locations of previous out-
breaks are known these 
areas can be avoided. 

Resistance 

Cultivars available - swedes - Doon 
Major, Doon Spartan, Wilhelmsburger. 

Many cultivars available: Moana-Tape. 
Calder-swede, Kiri-swede. Most Kale and 
turnip cultivars. 

Now only occasionally important in turnips - Kapai is a resistant 
cul tivar. 



20.3.6 Lucerne 

There are a number of diseases that can affect these 
crops and seriously reduce yield. 

Soil-borne diseases 

Bacterial wilt - use resistant cultivars 
Phytophthora root rot - use resistant cultivars 
Verticillium wilt - some cultivars are partially 

resi stant 

Air-borne diseases 

Common leaf spot 
Stemphylium leaf spot 
Pepper spot 
Spring bl ack stem & leaf spot and other fungal 

leaf spots - use resistant cultivars. With 
susceptible cultivars, spray 
with benomyl especially crops 
being used for seed production. 

Seed Treatment 

Seed is not generally treated with fungicides because they 
may interfere with, or inhibit, the nodulation process. 
However, thiram and benomyl and some others, when used, 
have not affected nodulation and thus treatment of lucerne 
seed is now recommended. 

20.3.7 Pasture 

Head Smut 
Prairie grass 

Leaf Rust of 
Ryegrass 

Facial Eczema 

Treat all seed with thiram, carboxin, 
or benomyl. Benomyl at 5 g a.i./kg seed 
is preferred. 

Can cause yield losses and/or reduce the 
palatability of grass especially in the 
autumn. Use resistant cultivars such as 
Ariki, L.S. Ariki. 

Caused by ingestion of spores of the 
fungus Pithomyces chartarum. Control by 
(1) Stock management so that animal s 
are prevented from eating dangerous 
levels of spores, e.g. graze on "safe" 
crops - maize, lucerne, kale, rape, or 
feed hay and silage. 
(2) Spray pastu res early February and 
March with benomyl (Benlate), thiabenda-
zole (Tecto 45) or thiophanate methyl 
(Sporex). Either spray all paddocks or 
only those to be used when there are 
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high levels of spores present. However 
pasture must be sprayed 5 days before 
use. Use spore counting to determine 
danger periods. 
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SECTION 21 

FARM STRUCTURES 

Revised with the assistance of W. D. Atkinson and D. W. Mackenzie, 
Agricultural Engineering Department 
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21. FARM STRUCTURES 

21.1 SHEEP YARDS 

21.1.1 Introduction 

Sheep yards are vital part of any sheep farm, and so must 
be of the most suitable design and construction possible. 
Otherwise, the advantages of structures that assist in the 
handling of sheep are lessened. This causes inefficient, 
and hence costly, stock handling. 

In this section we present some relevant facts, figures 
and hints on the design and building of sheep yards. 

There is no such thing as an "ideal" yard, because the 
requirements and existing conditions vary widely from farm 
to farm. 

There are several points to consider when you are thinking 
of building a new set of yards: 

(il List all the handling activities which must be 
done - shearing, crutching, drafting, cull ing, 
vaccinating, drenching, dipping, footbathing, and 
so on. 

(i i) Deci de the 1 ocati on of the yards in the 1 i ght of 
access, drainage, shelter, and supply of electric-
ity and water. 

(iii) Decide where the holding pens should be and their 
size. 

(iv) Carefully plan the handling area, bearing in mind 
that sheep move more willingly UP a slope and that 
shadows should not he cast ahead of them. If the 
handling area is outdoors, a roof is recommended. 

(v) Decide the features of the handling race(s) - type 
of floor, raised or at ground level, construction 
method, lengt., and method of adjusting the width. 

(vi) Layout the forcing, holding and receiving pens -
possibly incorporating existing yards or wool shed. 

(vi i) Draw up the p13n to scal e. 

(vi ii) Construct the yards in temporary form, using 
posts, hurdles and netting to test whether the 
design will work satisfactorily in your particular 
ci rCUlTIstances. 
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The yards should be situated in a central position as much 
as possi bl e to avoi d dri vi ng the sheep long di stances. 
There shoul d be some shade in the yards if they are not 
covered. This is appreciated by man and beast alike in 
hot weather. Trees should not be planted alongside races 
as the sheep tend to stop in the shady patches. Water 
should be available to the sheep in the holding pens, 
especially if they are to be held overnight because the 
mob size prevents a job being completed in one day. 

21.1.2 Yard Size 

The size of any set of yards will vary according to 
particular conditions. The first consideration is the 
number of sheep and the number of separate mobs mos; 
likely to be yarded at the same time. An average of 0.5 m-
of yard space should be allowed for each sheep. This 
gi ves ampl e space for work i ng any but the 1 argest speep. 
For overnight holding in yards sheep require 1.0 m per 
animal. 

Cost is often the limiting factor. A nucleus of well-
built, good-quality, long-lasting yards is much more 
economi ca 1 than a set made of low quality materi a 1 sand 
erected in haste. If the site and the arrangement of the 
nucleus is chosen carefully, future expansion is much 
easier. 

21.1.3 Yard Shape 

The most common shape is the rectangul ar yard, but there 
are others, such as the wedge-sahped, the ci rcul ar, the 
"bugle", and many other "freak" yards. Figure 1 illust-
rates the main components of a set of yards. 

It coul d serve as the basi s for any set of yards, but 
should be tailored for each individual situation. Several 
small holding yards alongside the main set are a good 
asset, as mobs can be held there to empty out before being 
taken into the yards for example, at shearing. This 
reduces the fouling of the yards. 

Large drafting yards usually consist of the following 
sections: 

(il Receiving yards: 
Large capacity, first yard entered by sheep. They 
communicate with the 

(ii) Forwarding pens: 
Smaller, often diamond-shaped. They lead into the 

(iii) Crush or forcing pens: 
One or two long, sma 11 pens, taperi ng at one end. 
They hold about 50 shef';' '1;1~ cOfl111unicate by way of 
a 2-way gate with the 



(iv) Drafting race: 
Long and narrow, wide enough for one sheep. It is 
used to divide a mob into several smaller groups, 
thi s bei ng done by one or more drafti ng gates at 
its exit which guide the sheep into the 

(v) Drafting pens: 
Small pens to acconmodate the drafted groups of 
sheep. If there are only two, they communicate 
directly with the holding yards, but often they 
1 ead into the 

(vi) Check pens: 
Used for checking for mistakes in drafting, and 
for any treatments that need to be carried out. 
They are usually small and open into larger 

(vii) Holding yards: 
Correspond in size to the receiving yards. 

Figure 1 : Components of a Sheep Yard (not to scale) 

Holding Yards 
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In a small set of yards it is not necessary to have all 
the components mentioned above. The race and its immedi-
ate adjoining yards are the nucleus and form the main part 
of small yards. It should also be noted that the various 
components do not have to be arranged in a straight line. 
Their actual arrangement is immaterial as long as their 
sequence is followed. 

Several other factors influence the layout of yards. 
These are the possible use in conjunction with a shearing 
shed and/or sheep dip, the land available for the yards 
(area and topography), the 1 i e of the 1 and and fenc; ng 
requi rements. 

The aim when bui 1 ding .the yards is to have as many strai-
ght unbroken sections of fence as possible, as this saves 
the work and expense of putti ng in extra strai ner and 
corner posts, stays, etc. The pens or fences should be 
designed to serve a dual purpose wherever possible. 

21.1.4 Yard Construction 

The first step is to remove any obvious obstructions from 
the site that are 1 iable to injure sheep. Level off the 
ground as much as possi bl e. From the pl an, di stances 
shoul d be measured and pegged off. Any logs or stumps 
should be removed from near gateways. 

There are several methods of constructi on avail abl e, but 
whichever is decided upon the material should be of 
adequate strength. In the early days, timber was the most 
common material used in fence construction, but in places 
1 ike Central Otago where timber was scarce, the wood .had 
to be packed in from other areas or stones were used to 
buil d the yards. Timber is sti 11 used a lot today, but 
the cost has risen markedly in the past few years. The 
durabil ity of timber of posts etc. depends on a lot of 
factors. Sapwood generally lasts for less time than does 
heartwood; there are differences between varieties of the 
same species; the wood may have been rapidly grown and 
therefore fairly light, or it may be compact, slow-grown 
wood; the soil type at the site has a great effect on the 
life of the posts. Chemical treatments are available to 
assi st in prol ongi ng the timber's useful 1 ife. The New 
Zealand Forest Service has a series of longer term trials 
at the Forest Research Institute at Rotorua examining the 
durability of different timbers that have been treated in 
many different ways. 
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Full information on preserving timber can be obtained from 
the Forest Service and from other sources, but the follow-
ing is a brief outline of the main points: 

(i) Short-lived posts are a continuing liability. 
Replacement costs are high and recurring labour 
costs for repairs are uneconomic. 

(ii) The principle of preserving non-durable woods is 
to render them poisonous to decay organisms. 

(iii) A complete protective envelope of treated wood 
should be created. Any sawing, trimming or 
cutting should be done before treatment, not 
afterwards. 

(iv) Whole round posts give the best results from 
preservative treatments. The sapwood soaks up the 
preservative, forming an envelope around the 
heartwood. 

(v) All bark must be removed to allow complete penet-
ration. 

(vi) Wood should be properly seasoned before treatment, 
as green timber wi 11 rot internally after treat-
ment. Seasoned timber does not spl it as easi ly 
and it allows better penetration of the chemicals. 

(vii) Water-soluble preservatives are unsuitable for 
posts. 

Post and rail fences are strong and durable, but are often 
expensive. The most common method is to have the rails 
spiked or wired to the posts. Round timber is best as it 
lasts longer and is less likely to bruise the sheep. 
Split timber should be avoided as splinters can injure the 
animal s. 

Timber and wi re fences are used a lot, wi th more posts, 
battens and wires being used than in the normal farm 
fence. Eight or ten closely-spaced wires are used, and 
often a strip of wire netting can be used at the bottom of 
the fence to keep lambs in. Metal droppers with concrete 
posts can be used as substitutes for timber. A 1 ighter 
type of fencing very often can be used for the outer yards 
where the fences are not subject to rought wear and strins 
as in the smaller pens. Wire netting can be used for the 
outer fences, with a rub rail at a suitable height to 
prevent damage, and also to make the fence more visible to 
the sheep. 
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Steel posts and droppers may be preferred in some areas 
where timber is more expensive, or where the climate is 
harder on timber as in Central Otago. \4ooden battens may 
be used with steel posts. 

Concrete fence posts and strainers are versatile fenci 
materials, but they are prone to structural failure i 
certain guidelines are not followed in their construction. 
The concrete must be mixed thoroughly; the posts must be 
given time to mature before use; reinforcing must be 
adequate and correctly pl aced. Concrete has very gr'eat 
compressive strength, but will stand very little tensile 
stress. Reinforcing rods are used to overcome this weak-
ness. Light rods in each corner of a post are much better 
than a thi ck rod placed in the centre of the post. The 
steel must be covered by at least 20 mm of concrete to 
prevent its rusting and the covering of concrete must be 
thi cker at the top of the post to allow for weather; ng. 
Concrete posts may be bought or made on the site as 
requi red. 

Pre-stressed posts are much stronger 
and they are considerably lighter. 
strainers may be used in conjunction 
concrete railings. 

than home-made ones 
Concrete posts and 
with wood, metal or 

The height of fences is determined by such things as cost, 
the breed of sheep, the slope of the land and the position 
of the fence in the yards (between 1.0 m and 1.2 m is sug-
gested) . External fences shoul d be hi gher than i nterna 1 
ones, to prevent sheep jumping them and escaping. 

21-8 



Figure 2 Yards Capable of Handling 500 Sheep (not to scale) 
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Materials Required for Sheepyards: 

Figure 2 - yards capable of handling 500 sheep. 

Fences: 

Length of outer fences 
Length of inner fences 
Total length (ex gates) 

78.0 m 
67.7 m 
145.7 m 

If five 100 mm x 30 mm rails are used for fences, a total 
of 728.5 lineal metres of this timber will be required. 

Crush and Race: 

End panel s of the crush on both si des are close boarded 
with dressed 150 mm x 25 mm pl anks = 4.87 m x 6 = 29.22 
lineal metres. 
Sides of the race are close boarded with dressed 150 mm x 
25 mm planks = 7.31 m x 6 = 43.86 lineal metres. 
Gates: 

If common swing gates are constructed, the following 
timber will be required: 

For 3 x 3.05 m, 1 x 2.43 m, 5 x 2.13 m, 5 x 1.83 m, 1 x 
1.52 m, 3 x 1.37 m, 4 x 1.21 m, 2 x 0.76 m, 2 x 0.60 m 
gates, a total of 384 1 ineal metres of 100 mm x 25 mm 
timber for stiles and stays of all gates, and rails of 
gates under 2.13 m, plus 111.25 m of 100 mm x 30 mm timber 
for rails of gates 2.13 m or wider. Total gates = 30. 
Total Timber: 

100 mm x 25 mm = 384 lineal metres 
100 mm x 30 mm = 839 lineal metres 
150 mm x 25 mm = 73 lineal metres 
Posts: 

A total of 101 posts will be required, and of these 27 
need to be heavy enough to act as gateposts. 
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Figure 3 - yards capable of handling 1,000 sheep. 

Fences: 

Length of outer fence 
Length of fence around diamond 
Length of other internal fences 
Length of all fences (ex gates) 

130.4 m 
13.2 m 
162.4 m 
306.0 m 

If five 100 mm x 30 mm rails are used for fences, a total 
of 1,530 m of this timber will be required. 

Crush and Race: 

End panels of the crush on both sides are close boarded 
with dressed 150 mm x 25 mm planks = 5.18 m x 6 = 31.08 m. 
Sides of the race are close boarded with dressed 150 mm x 
25 mm planks = 9.14 m x 6 = 54.86 m. 
Gates: 

If common swing gates are constructed, the following 
timber wi 11 be requi red: 

For 4 x 3.05 m, 1 x 2.43 m, 26 x 1.83 m, 3 x 1.37 m, and 4 
x 0.60 m gates a total of 670 m of 100 mm x 25 mm timber 
for stiles and stays of all gates, and rails of all gates 
2.13 m and under, plus 73.15 m of 100 mm x 30 mm timber 
for rails of gates 2.13 m or wider. Total gates = 45. 
Total Timber: 

100 mm x 25 mm = 670 metres 
100 mm x 30 mm = 1,603.2 metres 
150 mm x 25 mm = 85.94 metres 
Posts: 

A total of 180 posts will be required and of these at 
least 45 need to be heavy enough to act as gateposts. 

21-12 



21.1.5 Gates 

Severa 1 types of gates are used in yards. They may be 
classified under 5 main headings: 

(i) Ordinary swing gates; 
(ii) Lift-up gates; 
(iii) Slide-back gates; 
(iv) Tip-up gates; 
(v) Freak or unusual gates. 

Before discussing each of the above types of gates, there 
are several general points worthy of mention. 

Gates should be bolted rather than nailed together, as the 
gate is much stronger and, if broken, the wooden parts can 
be replaced much more easily. The ordinary carriage bolt 
with a small square section below the rounded head should 
not be used, as when the thread gets rusty the square 
shoulder is quite insufficient to prevent the bolt from 
turning when an attempt is made to unscrew the bolt. Use 
hexagonal-headed bolts. Bolts and nuts should be well 
painted to prevent rust, or preferably galvanised ones 
should be used. The width of a gate is determined by the 
amount of traffic it will have to handle. Usually a 3 
metre wide gate is ample. 

Avoid hanging gates on strainer posts, as there is a 
greater possibility of the post getting out of plumb. A 
separate gatepost shoul d be used. However, gates may be 
hung on a post that is part of a post and rail fence. 

The merits and disadvantages of the 5 main types of gates 
are as follows: 

(i) Common swing gate: 

Advantages - relatively cheap and easy to 
construct; 

- the most practical for wide open-
ings, double swing gates are 
useful for very wide openings; 

- low maintenance requirement; 
- easily removable from its hinges; 
- can be used as a sweep to push 
sheep into a crush. 
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Disadvantages - a lot of space is needed for its 
swing; 

- it is difficult to open or close 
when animals are leaning against 
it; 

- it must be fastened when shut, 
and may get broken by the wind if 
left swinging; 

- extra wide ones tend to sag. 

(ii) Lift-up (and Lift-swing) gate: 

The lift-up gate opens by sliding up a vertical 
pi pe or in grooves cut into the support; ng tim-
bers. The best type is held up when lifted by a 
counter-wei ght. Thi sis essenti a1 for the 1 ift-
swing gate. 

Advantages - the gate takes up 1 ittle space 
1 atera lly; 

- it is easy to work if properly 
constructed; 

- it is unaffected by the wind; 
- it is not subject to jamming by 
sheep pressi ng up agai nst it of 
the lift-swing type; 

- the main advantage of the 1ift-
swi ng type is that it can be 
1 if ted up, swung over the backs 
of the sheep in the pen, lowered 
agai n behi nd them and used as 
sweep to push them forward. 

Disadvantages - it is difficult to construct and 
requires good workmanship; 

- there is limited head-room with 
the lift-up gate; 

- the 1 ift-up gate is 1 ess usefu 1 
than the swi ng type for other 
purposes as listed above. 

(iii) Slide-back gate: 

Thi s type sl i des back from the openi ng it covers. 
The fence at this pOint is usually doubl e with a 
150 mm gap between. The gates runs on wheels on a 
steel rail below (or above) and in a channel guide 
above (or below). 
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Advantages - it takes up very 1 ittle working 
room; 

- it is easy to work if made 
properly; 

- it cannot be jammed when 51 i d 
back into the gap; 

- it needs no fasteni ng when shut 
and is not affected by the wind. 

Disadvantages - it needs to be built well; 

(iv) Tip-up gate: 

- it gets out of order more easi ly 
than other types as small stones 
and dirt get into the groove; 

- sheep can jump and hit the cross 
rail on which it runs. 

Thi s type is 1 ess common than the others menti on-
ed. It is usually hinged on a single bolt passing 
through one of the bottom corners and swings 
upward and backward alongside the fence. 

Advantages - it is cheap and easy to const-
ruct; 

- it works fairly well even if 
roughly constructed; 

- it takes up less space than other 
types, except the s 1 ide-back 
type; 

- head-room is unlimited; 
- it is not easily jammed in the 
open position; 

- it is not affected by the wind; 
- it does not need a fastener. 

Disadvantages - it is harder to open or close 
than other types as there is more 
weight to lift; 

- it tends to get broken, as it is 
hinged at one corner only. 

There are numerous "freak" or unusual gates that have been 
buil t over the years, often to su i t some purpose that the 
more conventi ona 1 gates coul d not fulfi 11 . There are 
self-closing gates where one hinge is closer to the gate-
post than the other; there are triangular gates, 2 of 
which are used to bridge a wide gap; and many others. 
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Gate Fastenings 

Just as there are many types of gates, there are numerous 
types of gate-fastenings. However, a good fastening 
device must have the following features: 

1. Easily fastened and unfastened by man but not animals 
or wind. 

2. Be able to operate even if gate or post move relative 
to one another. 

21.1.6 The Crush 

The functi on of the crush is to make it eas i er to force 
the sheep through into the race. The pen is usually long 
and narrow, holding not more than 50 sheep at a time. The 
end of the pen should taper into the mouth of the dr~ting 
race. The angle of the taper should be about 30 and 
where possible one side should be straight. The arrange-
ment of the dividing gate in double crush pens is a matter 
for persona 1 preference. The he; ght of the crush pen 
walls does not vary much - in most situations it is about 
850-900 mm high. The tapering section adjoining the entr-
ance to the race should be close-boarded to prevent sheep 
seeing the man at the drafting gates whi ch is 1 ikely to 
cause them to baulk before entering the race. 

21.1.7 The Drafting Race 

The drafting race is the most important component of the 
sheepyards and it must be designed well. It should be 
wide enough for a sheep to move along it in comfort 
without being able to turn around, and it must be close-
boarded. The length of the race depends on the number of 
ways the sheep wi 11 be dra fted. Abou t 10 metres is the 
maximum practical length. Width can vary a lot, between 
300 and 450 millimetres being common. Some races are 
wider at the top of the walls than at the bottom. 

The height of the sides varies a lot (between 800 mm and 
1. 05 m) and depends on the type of sheep handl ed. The 
sides should not be too high so as to prevent handlers 
reaching over and clearing a blockage. The floor should 
not be earth as this rapidly hollows with use and becomes 
unpleasant in wet weather. Concrete is the best flooring 
material, but cleated wooden floors are just as practic-
able. A gap should be left between the bottom board of 
the walls and the floor to allow dirt etc. to escape and 
prevent accumul ati on. Concrete should be fanned out to 
the si des and at the end of the race rather than endi ng 
abruptly into the drafting pens. 

Adjustable races are quite useful as the \vidth can be 
varied according to the size of the sheep being drafted. 
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The most common is where the movable side is hinged at the 
bottom and the floor width is constant. The most suitable 
wi dth of race 270 mm at the bottom and 540-590 mm at the 
top (with a vertical height of 800 mm). This will accom-
modate most sizes of sheep quite comfortably. 

It is often useful to have a by-pass race alongside the 
drafting race that connects the crush pens with the pens 
beyond the drafting race. This allows sheep to be rapidly 
transferred rather than via the narrow race. 
The number of gates in the drafti ng race can vary from 
one, which divides the sheep into two separate mobs, to 5 
which creates six mobs. Three gates are the most one man 
can operate at one time, but wi th two more further down 
the race operated by another person, the drafti ng can be 
more complex. Usually thees gates are fully boarded, but 
some people prefer open-barred gates. Drafting gates must 
swing freely on their hinges and be level, so they can be 
left in their correct position while the operator clears a 
blockage in the race, if working single-handed. All 
drafting gates must be smooth with no projecting nails, 
bolts, etc. so as to prevent injury to the sheep being 
drafted. 

21.1.8 Drafting Pens 

These vary in number according to the ways the sheep can 
be drafted. 

Often they are omi tted and the sheep transfer di rectly 
into checking pens. However, drafting pens allow the ,nan 
working in the checking pen to do his job counting out, 
raddling, etc. without interference from fresh sheep 
continually coming in from the race. The check pen should 
be the same capacity as the drafting pen. 

21.1.9 Check Pens 

The number of check pens corresponds to the number of 
drafting pens. They can be of any shape, but should not 
be too large. A capacity of about 100 sheep per pen is a 
good upper 1 imit to their size to facil itate catching 
sheep and removing them. If they are made too small, any 
gai n from easier catchi ng of sheep wi 11 be null ifi ed by 
the need for frequent filling and emptying of them. 

21.1.10 Foot-rot Baths 

While not always incorporated as a part of sheepyards, 
foot-rot baths are quite commonly associated with them. 
After the overgrown hoof has been trimmed, either in the 
wool shed or in the yards themsel ves (the shed is better 
because the battens on the floor help to partially clean 
the hooves and the conditions are less dusty than in the 
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yards), it is necessary to have the hooves immersed in the 
formalin solution for only a comparatively short od. 

Most installations usually take the form of a race with a 
trough in the bottom or a small pen with a \~aterti t 
concrete fl oar with ra1 sed edges to hal d the sol uti on. 
The a.ffected sheep should be kept a\'lay from the mai set 
of yards a.s this assists in the control of the disease. 
If the separation is not possible, all sheep could enter 
the yards via a foot-rot bath of large capacity. 
If the foot-rot solllti on is to be kept for some time in 
the bath or trough, a roof must be prov'ided to stop 
dilution by rainwater. It is also a good idea to close-
board the bottom 30 cm or so of the surrounding fence to 
prevent undue los:, by splashing. It also stops formalin 
being splashed on any person that may be standing next to 
the pen. 

21.1.11 Circular Sheepyards 

Circular stockyards are easy to design, easy to erect, 
easy to work stock in, and cheaper. Because of the 
reduction in panels needed to hold a given number of 
stock, the cost of constructing ci rcul ar yards can be 
about 13% below the cost of rectangular yards. There is a 
better economy of space in ci rcul ar yards and there is 
less cost involved in internal fencing. 

I,l/hen planning a circular set of yards, a110vl enough room 
for the crush, the race, and the drafting pens, as well as 
part of the diamond between the centre and the outsi de 
fence of the yards. The diagram below illustrates the 
near-minimum size of a set of yards capable of handling 
2000 sheep. 
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Figure 4 (not to scale) 

, 
! ',0 ~ f:::c1._L hÑ:J=:cJ ,.. ... 

Metres 0 10 20 30 

The central diamond pen can be used to great advantage in 
circular yards and is really an essential part of the 
design. In this case it communicates with not fewer than 
10 different pens. The outside race or alleyway also 
serves as a connecting link between the majority of pens. 
There could be any number of entrances at convenient 
places around the outside ring fence other than the two 
shown in the above diagram. 
Four-way drafting is a feature of the design and circul ar 
yards lend themselves to this. 
As with rectangular yards, there are numerous variations 
on the basic theme. There are fully circular yards, and 
there are the semi -ci rcul ar types. The basi c desi gn 
concept of circular yards is that sheep should move freely 
towards the operator rather than bei ng forced and that 
they should keep moving on a single pathway without the 
opportunity to turn back. They shoul d preferably. move 
around curves, especi ally as they approach the operator. 
Traditional, rectangular yards often allow the sheep to 
see the operator and turn back. Blind corners and jamming 
in the race are common problems whi ch can be avoi ded by 
providing a curved access to the race. 
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The di agram below shows a set of c; rcul ar sheep yards, 
incorporating a shower dip and a double working race. 
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The set of yards i 11 ustrated above retai ns the sheep flow 
principles of circular designed sheepyards. Note that the 
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sides of the forcing pen are in this case parallel until 
the sheep commence the rel atively sharp turn intI) the 
drafting race. There is a 3-way drafting at this point 
and sheep leaving the long, single handling race can be 
fUrther sorted into any two of five pens by using a single 
drafting gate and altering the positions of three other 
gates. 

The design below has a similar working area to that in 
Figure 6 but the general layout is tailored to the requi-
rements of smaller flocks and for auxiliary yards. The 
forci ng pen is bug1 e-shaped and there is 3 way drafti ng 
before the sheep get to the hand1 ing race and they can be 
directed into any two or four pens as they leave it. This 
plan could be adapted reasonably easily to existing 
yards. More storage pens could be added and a double 
handling race could be incorporated. 

Figure 7 (not to scale) 

A further development from the bugl e-shaped forcing pens 
is a double working race and a separate drafting race. 
The main drafting gate only gives a two way drafting. 
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Figure 8 (not to scale) 
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The above design also follows the basic principles of 
sheep flow through circular yards. 

One half is constructed as d semicircle. The forcing 
area, drafting and drenching races are located on the 
outside of the semicircle. Latter parts of the forcing 
race are boarded in, thus allowing the sheep to run better 
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and also cater for the pressure. Holding pens are made of 
posts and wi reo Post spacings vary from 1.2 m to 2.4 m, 
dependi ng on need of extra strength. 

Outer rails are higher than inner rails: 

(i) Reduces sheep jumping out. 
(iil Easier for people to get in and out of the race 

from the inner yard. 

In this design there are two 3-way drafting points, one at 
the drafti ng race itself and the other, the end of the 
drenching race. Drafting race is 2 m long, V-shaped, 
averaging 430 mm I'/ide. Drenching race is 760 mm wide, 
holding 140 ewes. It has 2 gates to hold the sheep tight. 
Gate assemblies in holding pens swing either way to allow 
maximum flexibility for sheep. 

21.1.12 Covered Yards 

There are three main points to consider when incorporating 
covered yards: 

(;) 

(ii ) 

( iii) 

Under normal conditions space should be provided 
to house about one third of the flock. 
The crush pens, drafting race, and general hand-
ling facilities should be located on the warm open 
side. Generally the South or cold side is closed 
in, but 1 it with translucent sheets. Tl1is allows 
sheep to remain away from rain drift. and easily 
provides both outside and inside drafting. 
Drafting - 3-ways is common, but in some plans 
sheep can be directed about 10 ways with a 3-way 
draft under cover. By using exit gates large mobs 
can be drafted. Generally yard floor is left as 
is. Some success has been achieved with wood 
chips, sawdust or small gravel. 
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21.2 CATTLE YARDS 

21.2.1 Introduction 

The main purpose for which cattle yards will be used will 
i nfl uence thei r desi gn and constructi on. For exampl e, on 
breeding properties, good facilities are required for calf 
handling - drafting, marking, dehorning, inoculating, 
drenching, and spraying. Where A.!. is used, there must 
be suitable provision for the veterinarian to inseminate 
the cows in safety. 

Where the farm enterprise is mainly buying stores and 
fattening, then drafting, holding and loading facil ities 
are most important. 

On dairy farms, where yards are used more often, there are 
special requirements. They must be easily cleaned with a 
good supply of clean water and an efficient waste disposal 
system. 

21.2.2 Designing the Yards 

Most of the points mentioned in relation to sheepyards in 
20.1 are applicable to cattle yards as well. It is very 
important to plan the facilities carefully as the cost of 
a set of cattle yards is considerable. Step 1 is to 
esti mate hol di ng capacity with regard to expected future 
needs. The yards can be made larger from the outset 
(depending on the financial situation) with the elimin-
ati on of some of the internal structures that are not 
needed immediately. 

The yards do not necessari ly have to handl e every animal 
on the property at the same time. Capacity wi 11 vary 
according to the property enterprise and scale of opera-
tion. Step 2 is to calculate yard size by allowing about 
2.5 metres squared of yard space for each animal in the 
receiving yard. The forcing yard should be designed to 
hol d about one thi rd of the number accommodated in the 
holding yard. The basic components of a cattl eyard are 
much the same as for sheepyards. Crush 1 ength shoul d 
provide about 1.7 m for each adult animal, while 2 metres 
squared per animal is sufficient in the drafting pens. 
These pens are used infrequently and only for a relatively 
small number of cattle. For large groups of cattle, 
design the yard so that larger pens can be used in conjun-
ction with the drafting pens if necessary. 

Cattle, like 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 baull<. Covered 
yards should be lit with fluorescent lights rather than 
incandescent bulbs. 
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Loading ramps should not face into the early-morning or 
late-afternoon sun as cattle find it difficult moving down 
such ramps. 

The social order within a group of cattle works against a 
free movement of the animals at pOints of constriction in 
yards an d races and the 1 ead up to a crush shoul d be a 
slow one with no abrupt angles. 

A good cattl e race 1 lmi ts the si de vi si on of a cattl e 
beast and directs it to the area ahead. This is of little 
use if the cow is required to walk into a blind alley. 
Cattle will stop 6-8 m from a blind end. The gates ahead 
shoul d be of the gri 11 type so the stock can see strai ght 
ahead. 

Any lead-in to a crush should have a curved approach, 
though if the angle of the curve is greater than 15 
degrees, a straight portion the length of a cow should be 
built immediately before the crush. 

Single file alleyways should be not longer than 7.5 m 
\~ithout a curve or bend, though bends shou 1 d not defl ect 
at an angl e greater than 15 degrees. Sharp turn; ng 
corners of 30 degrees or greater should be avoided. 

Overhead walkways frighten cattle; catwalks should be on 
the side of the races at waist-height so men can reach 
over and contact cattl e. At thi s hei ght arms cannot be 
crushed and most of the time the operator is out of sight 
of the animal. Rubber rollers on the side or bottoms of 
gates, the areas which will come into contact with a beast 
if it decides to rush past, win allow the cow to push 
past without bruising it. This is especially important 
where the doors are compressed-air controlled. 

New concrete floors shoul d have a 10 mm deep grove 20 mm 
wide on a 100 lll11 grid pattern worked into them and older 
floors can have grooves cut into them about 600 mm apart 
when they are repaired. The positions of drains should 
not impede flow of cattle. If cattle have to unload 
downhill, steps are preferable to ramps which soon become 
slippery with dung and urine. Stair steps 80 mm in rise 
and 350 mm in run work well for cattl e. 

Step 3 is to draw the design, making an alterations as 
necessary. The main consideration when designing yards is 
to ensure the safety of the operator(s) at all times. 

To this end, the 'working area' (Le. forcing pens, 
dra fti ng race and head bail) shoul d be sited on the out-
side rails of the yard. This allows a 'free' area beyond, 
to protect the operator. Under all circumstances, the 
operator and assistants working in or adjacent to the race 
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must be assured that they are not going to be obstructed 
or molested by excited cattle. By the same token, any 
equipment that may be set out for any reason on a tabl e, 
on the ground, or held by someone will be safe and not 
damaged or soiled and will be available when required. 

The handl i ng of cattl e, part; cul arly under hi gh-country 
conditions, can be carried out without excessive distur-
bance or danger to animal s or operators if careful pl an-
ning of the yards is made before building or alteration 
begins. After the plan has been decided on, construction 
can begin. 

21.2.3 Yard Construction 

Cattle yards must be constructed from sturdy, long-lasting 
materials. Wire netting, although suitable under some 
circumstances for sheep, is definitely unsuitable for 
cattle. The most commonly used materials are timber, 
steel piping or concrete. 

The height of cattle yards is usually 2.4 m, although this 
can vary according to the conditions and personal prefer-
ence. 

The types of gates used in cattle yards are generally 
fewer than those in sheepyards. The most common is the 
simp 1 e swi ng gate whi Cll is very useful as a sweep for 
pushing cattle into a pen. It needs to be strongly built, 
as ;s the case with all gates used in cattle yards. 
lift-up gates are not used much, neither are tip-up gates, 
as they are both heavy and cumbersome to operate. Slide-
back gates are quite useful as they are less prone to 
damage by the animal s, al though they cannot be used as a 
sweep. The 1 ift-swing gate, if constructed of 1 ight, 
strong materials would be useful in this respect, but it 
is not used in many cattle yards. Gate fastenings for 
cattle yards are best of the sliding bar or bolt type. 
Hooks on chains that drop into steel eyes should be 
avoided as they take much longer to secure than the 
sliding bar. (Diagram of Standard Cattle Yard over page). 

21.2.4 Circular Cattle Yards 

Circular cattle yards have contributed a lot to the cattle 
industry in recent years as they are reasonably inexpen-
sive when compared with the; r capacity and ease of hand-
ling cattle. 

As wi th sheep yards, thei r cost can be as much as 13% 
lower than the cost of rectangul ar yards to accommodate 
the same number of cattle. 
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The basic steps of planning and design are much the same 
as for rectangular yards; once the yard size required has 
been calculated the approach changes somewhat. The next 
step is to determine the radius of a circle which would 
enclose that area. If 2.5 metres squared is a 11 owed for 
each animal, a yard of radius of 19.9 m will provide 
sufficient room for handl ing 500 head. If the internal 
fencing is to be done in panels of 2.5 m, then it ;s 
better that the radius is some multiple of 5. In this 
example, the radius is made equal to 20 m, or 8 panels of 
2.5 m. 
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Drawing the yard outline is the next step, and it is best 
done on graph paper. The arrangement of the different 
components of a set of yards ;s up to the individual. 
However, just as with the rectangular yards, the working 
area should be situated on the outside perimeter fence for 
the safety of the operators. The di agrams that follow 
i 11 ustrate two types of c; rcul ar cattl e yards that are 
recommended by the Ministry of AgricuHure and Fisheries. 
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21.3 CATTLESTOPS 

Catt1estops are very useful on farms, preventing animals 
entering an area which vehicles frequently use and where a 
gate across the entrance would be inconvenient. 

There are several designs for cattlestops that have proved 
useful over the years. Three are described in the following 
section. 

The first can be made to either railway irons or pipe rails; 
the 1 atter is preferred by some farmers because they cause 
less injury to stock that get stuck in the catt1estop. The 
most common length is 3.6 m, with the width varying from 1.5 
m (where it is needed to deter only the occasional wandering 
animal) to 2.5 m. The pipes (50 nwn diameter) are welded to 
two RSJ or channel steel bearers at least 15 cm deep and 
positioned under the wheel tracks. The gaps between the 
pi pes can vary from 95 mm to 125 mm dependi ng on personal 
preference. The ends of the pipes are welded into the inside 
ang1 e of 1 engths of 50 x 50 x 9 mm ang1 e steel resti ng "j n 
small steps in the end wall of the concrete surround. 

There are short spacers of 12 mm pi pe we1 ded between the 
rails above the RSJ bearers to prevent the pipes from rolling 
under the immense force of a heavy, braking vehicle. Some 
people weld steel strips across the top of the rails but 
sheep often try to walk across them. 

The concrete surrounding wall should be 10 cm thick provided 
it has pl enty of steel reinforcement. There should be a 
tolerance of at least 40 mm between the steel frame and the 
concrete. The floor of the catt1estops is of concrete 50 mm 
thick and 37 cm 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 foundations 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. Expansion links join 
them with bolts through oversized holes in fishp1ates. The 
rails rest directly on intermediate concrete bearers at 
wheeltrack positions. They are securely welded to steel 
stri ps at the ends but these are made of f1 at steel rather 
than ang1 e iron. Where rail s are used, short spacers are 
welded at their base as well as steep strips being welded on 
the top. Pipe of 50 x 76 mm diameter is suitable for this 
design. 
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The pit is 1.5 m across and all concrete wall s are 20 cm 
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 
rai 1 s at about 25 degrees instead of ri ght-angl es to the 
approaches. This means that a car 'ripples' re.ther than 
bumps across. The gap between the rails needs to be as wide 
as possible, with 50 mm pipe being used instead of railway 
irons. 

21.4 DEER YARDS 

21.4.1 Requirements 

There is no such thi ng as a 'standard' deer yard. Most 
successful yards have some, or all, of the following 
points in common: 

(i) 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 minute. 

(i i) The whol e work; ng area, or at 1 east some of the 
pens of main handling area, should be completely 
roofed-in and darkened. Whether roofed-in or not, 
all walls should be close boarded and at least 2.1 
m high for Red deer, or 2.6 for Fallow. 

(iii) Sheet or corrugated iron should be avoided as it 
is noi sy. 

(iv) Plywood is well supported on framing to avoid 
'drumming' on impact. 

(v) A central, circul ar crush pen with two centrally 
placed swing gates is common in many designs. 
Farmers often use them more for di recti ng stock 
; nto 1 ateral pens, rather than as a crush. Fi ve 
metres is a suggested maximum diameter. 

(vi) Small pens (the actual number depends on herd 
size) for working with small numbers at close 
quarters. Large uncovererd areas can be used for 
holding large numbers. 

(vi i) A floor coveri ng of sand, wood chi ps or coarse 
saw-dust. 

(viii) Storage facilities for equipment. 
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(ix) Usually sheep-type drafting gates do not work, 
hand drafting is easier. 

(x) Long narrow raceways should be avoided. 

(xi) Corners should be avoided if possible, especially 
in crush and drafting areas. 

The accompanying p1ans are based on existing yards and 
exhi bit the great vari ati on to show structural detai 1 s or 
precise dimensions. The drawings are intended merely as a 
guide to layout design. Unless otherwise stated they are 
intended for handling Red deer . 
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A small, inexpensive design that would suit many small 
herds. It hol ds up to 100 animal s and yet has the basi c 
requi rements of a ci rcul ar crush pen and small pens 
leading off a central race. Although these yards are 
built in a totally enclosed shed, additions and alter-
ations would be relatively simple. Large holding pens 
could be added around the shed. 
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These yards are used as a research facility and some 
components, e.g. the crush, are larger than necessary for 
red deer because wapiti are also handled here. A separate 
working pen or crush was included because the V formation 
of gates in the circular pen was too narrow and deer 
tended to climb on each other. Animals can be worked out-
wards from the circular pen. 

The system is very flexible and provides for multi-way 
draft; ng (parti cul arly important for research purposes). 
The working pen is covered and one side can be used as a 
crush. The covered area is to be extended to include the 
whol e ci rcul ar pen and work i ng area at the top end of the 
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pl an. The race incorporates fi xed wei ghi ng scales. The 
working area has a raked concrete floor. Catl'/alks are 
provided along the top of internal partitions and inspec-
ti on pl atforms are attached to the externa'i wall of the 
working race. 

The entr'y race, whi ch approaches the yards ob 1 i que ly, 
downhill through a pine plantation, is fenced vlith 150 mm 
stay netting and has a breast railing. 

21.5 WOOLSHEDS 

Small er WOO! sheds with covered yards have become popul ar. 
However, the covering of sheep ;s secondary to the main 
functions of a wool shed, which are quick and easy pen filling 
and good operational facilities for both shearing, wool 
handling and classing. An older shed can be brought up to a 
higher standard by adding a raised board, and catching pens 
with a 1.8 m race behind. Additional gates to allow side 
filling is a great improvement as it cuts down sheep movement 
and shed hands I time. Poor 1 i ght can be simply and cheaply 
corrected by placing a strip of corrugated translucent 
sheeting about 0.6 m wide down from the top plate along each 
side of the building. 

A big advance in wool shed design in recent times is the 
concentrati on on fi 11 i ng catchi ng pens from the front and 
side and the placement of all pens, so that they lead direc-
tly into the catching pens. 

An allowance of .37 square metres should be made for holding 
sheep overn; ght, and comfortabl e space provi ded in covered 
yards. 

The chute shed design is sti 11 the most popul ar and effi c-
ient. 

The curved or U-shaped boards are ga1n1ng popularity and give 
excellent wool handling facilities. 

Correct shearing boar'd measurements are of vital importance. 

21.5.1 Regulations 

Certain requirements are necessary and some details are 
now mandatory, for satisfactory working conditions! 

(i) A 11 catchi ng pen doors must be padded at poi nt of 
shearer contact. 

(ii) Any new or altered shed must have one catchi~g pen 
door per shearer. 
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(iii) Each woolshed must have a hand basin and water. 
If accommodation is not supplied - hot water must 
be. 

(iv) Toilets provided within easy access. 

(v) A smoko compartment isolated from the board 
furnished with tables and chairs must be incorpor-
ated. 

(vi) The shed must be in a clean state before shearing. 

(vii) It is also mandatory to have all sheep skins 
removed from catching pen areas. 

(viii) Counting sheep into catching pens is not allowed, 
counting out pens or recognised automatic counters 
must be used. 

(ix) All machinery must be checked and in good working 
order. 

(x) A first aid kit should be placed in a convenient 
position. 

21.5.2 Wool Rooms 

(i) Adequate space for wool handling and storage is 
important. 

(ii) A minimum of 5.2 m must be allowed between the 
raised board edge and the wool room. 

21.5.3 Notes 

Build or Renovate - assess potential of present building, 
e.g. state of repair, size, access to farm, financial 
position, gates and light situation. 

Size - Depends on number of sheep and stands, whether 
covered yards are incorporated or not. 

Capacity - Allow 0.37 m2 (4 ft2) per sheep. 

Types of Wool sheds -

(i) Porthol e. Out of date but can be renovated to 
ei ther chute or retu rn race type. 

(ii) Return race. Excellent for keeping sheep ./arm 
after shearing and for general working of sheep at 
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other than shearing time but requires more length 
to get races in. In wet conditions, shorn sheep 
take up valuable space that could be used for 
unshorn animals. 

(i i) Chute. Most popular as sheep can be automatically 
counted and go straight out after shearing. All 
available space can be used. Catching pens can be 
side fill ed and space between stands can be cut to 
a minimum for woolhandling. 

Chutes must be constructed to correct measurements 
for ease of working. Chute sheds must be sited to 
the best advantage re wind up chute. 

Raised Board - tvleasurements 1.7 m (5'6") wide x 0.76 m 
(2'6") high. Savings 1/3 of \l/a1k1ng compared with flat 
board. 

Site - Dry, central, access to power and road. 

Building Material - This does not affect the work ability 
of a shed and cost must be cons i dered, although it is 
possible to build a shed with a variety of materials with 
a simil ar cost. If steel portal frames are used they 
could be desirable for strength, ease of construction and 
general appearance. 

Hei ght Above Ground - Lorry hei ght 1.1 m (3 'g"). Many 
sneds now have concrete wool room floors 1.31 m (12"), then 
raised board at 0.7 m (2'6") to give grating height of 
1.06 m (3'6"). Bale loading is achieved by backing lorry 
into a position about 0.7 m (2') below concrete block .31 
m 02") high if concrete wool room is incorporated. Height 
about ground depends mainly on personal preference. 

Stud Height - Minimum 2.6 m (8'6"), maximum 2.7 m (g'). 
With raised board wool room 2.7 m (g') grating 1.99 m 
(6'6"). 

Lighting - !"1ost important, if sheep are to run well. 
Corrugated plastic sheets placed in roof tend to give 
light spots so 0.7 m (2') strips should be placed down 
from top plate to effect light at important positions in 
the shed. Windows provide the rest. 

Sarking - Black building paper is too dark. Silver 
sizalation is better, but timber sar~ing is best and 
strongest. 

Ventilation - .91 m (3') 5 blade loovres excellent if 
aced in position to give maximum light and encouragement 
draw sheep. Roof vents good. 
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Gratings - Spacing 15 mm (5/8") bevelled on one side. 
Width depends on personal preference. Suggest 32 mm to 37 
mm (1.25" to 1.5") x 32 mm (1.5") deep. Bevel to face 
away from oncoming sh~ep. Grating to be changed if 
necessary to suit progress of sheep. 

Gates - Life and swing type is the most popular, followed 
by 1 ift, then tip or swing types. 

Landing and Ramp - \~oolroom loading block no bigger than 
1.8 m x .91 m (6' x 3"). Sheep ramp-steps .30 m x .15 m 
(l2" x 6") or .25 m x . 13 m (10" x 5"), steps very 
effective for sheep and man. 

Pens and Part; ti ons - Depends on breed of sheep. He; ght 
for Romneys or Corriedales .86 m (2'10") up to 0.9 m 
(3'0") maximum for e.g. Perendales. Rub rails staggered 
to stop sheep seeing through. Catching pens should hold 
about 15 sheep. 

Wool Rooms - Allow minimum of 5.2 m (17') between edge of 
raised board or board wall and outside wall for wool room. 
This gives room for wool table, bins etc. Allowapproxi-
mately 1.3 m (48") x .76 m (2'6") for a bale of wool while 
a pack holder should measure .99 m (39") x .69 m (27"). 
This fits inside the pack. 

Wool Tables - Rectangular measurements 2.6 m (8'6") x 1.3 
m (4'3") x .84 m (2'9") high. Circular diameter should be 
2.1 m (7'). Battens are suitable at 32 film (1.25") x 32 mm 
(1.25"). 

Board Layout - Very important. If chute is used it must 
jut into the board 1.5 m (6") and be attached to the 
bottom of the joist to give a drop of .10 m (4"). This 
all ows the front feet of the sheep to drop strai ght into 
the chute with no risk of returning. Chute to be at 45 
degree angl e for 1.1 m (3' 6") then a wa 1 koff at 25 deg-
rees. 

L .. Galloway, 
Sheep & Beef Officer, 
Ministry of Agriculture, 
CHRISTCHURCH. 
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SOURCES: The information presented in this section on farm 
structures was derived from the following sources: 

(i) Sheepyards - "Desi gn and Constructi on of Sheep Draf-
ting Yards" by J.E. Duncan. A N.Z. 
Department of Agriculture Bulletin, No. 
353 (1962). 

- N.Z. Farmer, May 23, 1974; January 8, 
1976; November 25, 1976; October 13, 
1977; May 24, 1979. 

(;;) Covered Yards - M.A.F., N.Z. Farmer, October 1980. 

(iii) Cattleyards - N.Z. Farmer, July 25, 1974; April 14, 
1977 . 

(iv) Cattlestops - N.Z. Farmer, May 13, 1976. 

(v) Deer Yards - M.A.F. Ag Links F.P.P. 251, 252, 253. 

(vi) Wool sheds - N.Z. Farmer, October 1980, M.A.F. 
Standard plans. 

(vii) Dairy - M.A.F. Standard plan. 

NOTE: There are other well-produced bull eti ns and i nform-
ation booklets available from the Ministry of Agriculture & 
Fisheries, and other sources, dealing with the above-mentio-
ned subjects. We suggest that these are consul ted for more 
detailed information. 

The Ministry of Agriculture & Fisheries plans, used in this 
section can be obtained from them, in a larger form. 
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21. 7 HAY BARNS 

21, 

Capacities (Standard rectangular bales): 

(1) Rectangul ar shaped barns such as 1 ean-to or gabl e 
have a nominal capacity of 5 bales of hay per cubic 
metre" 

(ii) Circular arch shaped barns are often available in 
8.5 metre wide kitsets with "bay" lengths of 3 
metres. Each "bay" has a nominal capacity of 
500-550 bales of hay. 

GRAIN STORAGE BUILDINGS 

21.8,1 Galvanised Steel Silos 

Diameter Eave Height Tonnes Capacity* 
(m) Barley Maize Wheat 

3.7 2.4 18 21 22 
4.9 36 40 43 

4.6 3.3 39 44 47 
4.1 48 54 58 
4.9 57 64 69 

5.5 4.1 70 79 84 
5.7 96 108 116 
7.3 122 137 147 

6.4 4.1 97 109 117 
5.7 133 148 149 
7.3 168 188 202 

7.3 4.1 129 144 154 
5.7 175 196 210 
7.3 221 248 266 

* 44 bushels barley per tonne 
39.4 bushels maize per tonne 
36.7 bushels wheat per tonne 

21.8.2 Steel Mesh Silos 

Silos can be made from steel mesh lined with hessian 
scrim, and situated in an existing shed. The most common 
size is 15.5 m circumference, 4.5 m diameter, with height 
of 2.3 m. 3 A silo of these dimensions has a capacity of 
about 37 m. The mesh is joined by "U" bol ts and cl ips. 
These silos should be ALWAYS filled or emptied from the 
centre. 
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21.9 OTHER FARM BUILDINGS 

There are many other types of farm bui 1 di ngs. It; s not 
possible to discuss them all. Further informati on on the; r 
construction and other relevant data can be obtained from 
sources such as the Mi ni stry of Agri cultu re & Fi sheries. 
stock and station agents and other commercial organisations 
that either produce or distribute the materials. A wide 
range of farm buildings of all types are available as pre-cut 
kitsets from numerous companies throughout the country. 
These are often at very competitive prices. Their details 
should be sought and compared with quotes from local sources 
before any project pl anni ng reaches an advanced stage. 

However, before building any new shed or other structure, it 
is necessary to follow the few simple rules that were discus-
sed in Section 21.1. 

(i) List all the activities that are to take place in or 
near the building. 

(ii) Decide on the location in the light of drainage, 
access, shelter, water and electricity supply. 

(iii) Carefully plan the building. 

(iv) Seek advice and approval from one's local authorities, 
e.g. building permits, rights to discharge treated 
effluent. 

The companion volume, "Financial Budget Manual" contains cost 
information on most materials used in the construction of 
farm buildings and fences. 

21.10 PERMANENT ELECTRIC FENCING 

21.10.1 Concepts 

Permanent electric fencing provides a method of stock 
control that can be considerably cheaper than conventional 
physical barrier fencing. The concept has been widely 
applied with success. However, it is a system that relies 
on technology far more than physical strength. This means 
it is essential to construct the system with sound 
components AND manage it skillfully once running. It 
might be regarded as a low capital, higher maintenance 
system rather than a physical barrier fence. 

An electric fence is a psychological barrier to stock. It 
does not rely on being physically strong enough to contain 
animals. It depends on the animals being fearful of the 
shock they expect when they contact the fence. The basic 
requirement of a fence is to control stock. When deciding 
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on a type of fence the farmer must take into account the 
following: 

- the degree of stock control requ; red; 
- the type of stock to be controlled; 
- his expectancy of the fence's life; 
- the cost of materials and erection; 
- what effects the choice of a particular fence type might 
have on his farm management. 

For successful permanent electric fencing, components, 
design and management are all important. 

21.10.2 Components 

Vertical supports, i.e. posts, stakes, standards, droppers 
Wi res 
Insulators 
Energisers (controllers) 
Earths 

Each individual component should be able to last the 
expected 1 i fe of the fence. In most cases the cost 
difference between the cheapest and the most expensive 
item does not add significantly to the total cost. 

(i) Vertical Supports 

Fence end strainer assembl ies: diagonal stay or 
horizontal stay types. However, because fewer 
wires are required and wire tensions are lower, end 
assemblies comparable to conventional fences are 
not required unless gates are to be swung on them. 

IntermediateĿ supports: Treated timber, special 
durable hardwoods, steel standards and some 
plastics such as polypropylene and glass reinforced 
plastic (fibreglass). 

(it) Wires 

Line wires; 2.5 mm high tensile galvanised steel. 

Leadout wires; 2.5 mm or larger diameter galvan-
ised steel. Two wires of the same diameter have 
approximately half the resistance of one wire. 
3.15 mm aluminium wire is available and should be 
considered for leadouts greater than about 3-4 km. 
Aluminium wire cannot be tensioned as much as is 
recommended for steel wire. Aluminium wire 
therefore may need additional support. 
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Earth wires; from energisers to earth pegs. 
Equivalent wire to that used for the leadout. 
Earthwires must be insulated from any metal part of 
a building that they pass. 

Underground wires; e.g. Leadouts and gateways. 
Galvanised wire specially insulated or inside 
polythene water pipe is recommended. Modern 
energisers may have pulse outputs of up to 10,000 
volts. Household copper wire is insulated for only 
600 volts. It is not recommended as it has 
insufficient insulation. Also copper and galvan-
ised steel jOints are very difficult to maintain 
because of corrosion, leading to bad electrical 
connections. 

Wire joints; to ensure long lasting electrical 
joints, e.g. leadout wires onto a fence, screw type 
clamps are recommended. 

Barbed wi re; shaul d not be incorporated in 
el ectri c fences because of the ri sk of animal or 
human entanglement leading to repeated shocks which 
may endanger life. 

(iii) Insulators 

A successful insulator will have the follO'.rdng 
characteristics: 

(a) Does not conduct el ectri city over "its surface 
or through itself dry OR wet. A m; nimum 
over-surface "track II of 25-30 mm between wi re 
and support is recommended. A smooth shape 
that discourages collection of dust, the 
building of spider webs or the growth of 
lichen is highly desirable. 

(b) Is strong enough to support the wire even with 
vertical and horizontal forces acting, e.g. in 
hollows or at corners. 

(c) Is able to be well fixed to the post. 

(d) Resists impacts, e.g. hammer blows. 

(e) Withstands temperature extremes. 

(f) Is not degraded by sunlight, UV radiation. 

Insul ators made from pl asti cs that have the above 
listed characteristics should be satisfactory. 
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Self insulating timber battens and stakes have been 
widely used in recent years. Only a few species of 
hardwood have been identified as commercially suit-
able so far. 

Although expensive, procelain is recommended in 
pl aces where wi re puts a cons; derabl e load on the 
insulator, e.g. at fence ends and on corners. 

(iv) Energisers 

Modern New Zeal and made energi sers operati ng from 
240 volt AC mains or DC batteries all offer equally 
high standards of technology and quality. 

Reliability of supplier for service and spare parts 
is probably the most important consideration in 
choice of brand. 

(v) Earths 

Without satisfactory electricial contact between 
the ground and the "earth" terminal of an ener-
giser, a circuit will not be completed if an animal 
touches an energi sed wi re. So it does not get a 
shock. 

Adequate electricial contact with the ground is 
critical to the success of any permanent electric 
fence. Earth stakes of 20 mm galvanised steel pipe 
about two metres long driven into a permanently 
damp site are recommended. More than one stake may 
be needed. Each extra stake should be at least two 
metres away from any others. By 1 aw ALL el ectri c 
fence earth stakes must be at least two metres away 
from any earth stake for a mains electricity 
system. 

Usually only in extremely low rainfall areas is it 
necessary to consider earth return wires as part of 
the fence itself. 

21.10.3 Fence Design 

Height and number of wires depends upon the stock which is 
to be controlled. Fences for the control of both sheep 
and cattle are typically 900 mm high. Animals that are 
difficult to control may need more wires in the fence. 

Wire Tension : Recommended wire tension between 700 and 
1000 newtons. 

Siting of Energiser : Ideally energiser is at the hub of a 
number of radiating fences. 
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Length of Fence per Energiser : Probably 30-40 km of total 
fence length radiating from a centrally located energiser. 
A branching layout with energiser at one end may only have 
10-15 kilometres of effective fence. 

Fence Layout or Network Pattern : Electrified branches 
that can be formed into el ectri cal loops provi de greater 
lengths of effective fence than terminating branches. 

21.10.4 N.l. Safety Regulations 

* Only one energiser per fence. 
* Energisers must comply with N.l. standards ÅÅÅ NlS 1525 
mains operated, NlS 2210 battery operated or CEE 
publication No.5. 

* Boundary or roadside fences to be identified by approved 
signs. 

* Earth stakes for an energiser must be further than two 
metres away from a mains earth. There must be no con-
nection between the earths of an electric fence and a 
mains system. 

For general safety it is recommended that all wires across 
gullies be identified for aircraft and helicopter safety. 

21.10.5 Fence Management 

* Regul ar routi ne checks must be made. Advanced technol-
ogy needs advanced, careful management. 
Fault indicators include, clicking noises on radio, T.V. 
and telephone, lack of stock control, weak energiser 
pulse light. 

* Fences should be kept electrically "al ive" all the time. 
This reduces challenges by animals. 

* Animals wi 11 need to be trai ned to the psychol ogi ca 1 
barrier. A few days without grazing pressure and 
perhaps open gateways. These become recognised as 
"safe" areas by animal s. 

w.o. Atkinson, Lecturer, Agricultural Engineering Department, 
L i ncol n Coll ege. 

G.M. Garden, Principal Research Officer, N.l. Agricultural 
Engineering Institute, Lincoln College. 

G.A. Warren, Technical Officer, N.l. Agricultural Engineering 
Institute, Lincoln College. 
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21.11 CONCRETE 

21.11.1 Quantity Estimation 

The total volume of concrete required must be calculated, 
normally in cubic metres (Length (m) x Width (m) x Depth 
(m)), before quantities of ingredients can be estimCifed. 
Approximately 8-9 bags of cement (40 kg) to 1.0 m of 
concrete 8t'e re(luiY'ect. 

2LIL2 Buying or Self Mixing 

Standard domestic concrete mixers have ~owls with capac-
ities to handle about 50 litres (0.05 m l. This is also 
about the capacHy of most steel-trayed wheel barrows 
s~itable for concrete. This means for one cubic metre (1 
m ) of concrete at 1 east twenty mixes wi 11 be requ; red 
from the domesti c mi xi ng mac-tli ne. N. Z. Portl and Cement 
Association recommends 2 m'" as the target volume of 
concrete to be mixed, p1aced and finished by two people 
per' day. 

Thus big jobs will be best tackled with big on-site mixers 
and many workers or deli vered ready-mi x concrete and many 
workers. 

Ready-mix is available 'in many areas. Prices per cubic 
metre are often very competitve with the all up cost of 
site-mixing. Ready-mix concrete will be proportioned more 
accurately than most site-mixes. Mostly it will comply to 
a specified compressive strength. See table below. For 
big jobs or special concretes ready-mix to specification 
is to be preferred. 

21.11.3 Strength Specifications (mega pascals MPa) 

Type of Concrete Use Minimllm 28 day 
Compressive Strength 

Footpaths, foundation mass concrete 17.5 MPa 

Implement shed floors, roadways 20.0 ~1Pa 

Corras"ion prone areas, e.g. dairy 
shed floors, silage pit walls and 30-35 MPa 
floors 
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21.11.4 Site Mixing 

(i) Fresh, cl ean ingredi ents are requi red for strong 
concrete: 

Cement - fresh, in unopened bags. 
Water - clean enough to drink. 
Aggregate - free of organic matter and silt. A 

mixture of sizes of sand and gravel so that the 
voi ds between stones wi 11 be well fill ed. Maxi-
mum stone size 20 I11iI diameter. Builders-mix or 
pre-mix from reputable suppliers should be ade-
quate. For specialised work where strength is 
critical, mixing of separate stone and sand may 
be necessary. 

(ii) Measuring: 

(a) Fi na 1 strength depends greatly on the amount 
of water mixed with a given amount of cement. 

(b) Cost of concrete depends on the total amount 
cement in the mixture. Careful measuring, not 
just by shovel ful 5, is thus important. 1 
litre and 20 litre containers are recommended. 
A shovelful of cement can not be compared with 
a shovelful of water! 

(iii) Proportions: 

(a) How much water? Generally as little as 
possible. Water: cement = 0.5 by mass, i.e. 
1 kg of water to 2 kg cement (because cement 
has mass of 1.5 kg per litre) then 1 litre of 
water to 1.34 1 itres cement, i.e. 1 volume 
water to 1.34 volumes cement. 

(b) How much cement? Normal concrete : 1 vol ume 
cement to 6 volumes builders-mix. 
Spec; a 1 corros; on resi stant concrete 1 
volume cement to 5 volumes builders-mix. 

(iv) Mixing Time: 

A minimum of 2 minutes once all the ingredients are 
in the mixer. There is no advantage in mixing for 
longer than 5 mi nutes. 
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21.12 TIMBER 

Timber secti ons are descri bed in mi 11 imetres and standard 
lengths in metres. The super foot is no longer used. Sales 
are based on the linear measure for a known call dimension or 
by volume (cubic metre), e.g. 40 lineal metres of 50 mm x 100 
mm. 

To calculate the volume contents of sawn timber, multiply the 
width (m) by the thickness (m) by the length (m). The volume 
will be expressed in cubic metres. 

Ca 11 dimensi ons: means the dimensi ons by whi ch ti mber is 
referred to in commercial transactions. Usually 
the nominal measurement of thickness and width of 
green rough sawn timber in millimetres. 

Dry timber: means timber with a mositure content between 14 
and 18 percent. 

Fibre saturation point: means the moisture content below 
which shrinkage commences and is between 26 and 30 
percent depending on species. 

Green timber: means timber with a moisture content equal to 
or higher than the fibre saturation pOint. 

Rough sawn timber: timber as it leaves the breaking down saw 
that converts logs into squared sections. Saw 
marks pronounced; timber sometimes of variable 
thickness. 

Gauged timber: timber that has been passed through a machine 
to reduce both thi ck ness and wi dth to a uniform 
standard. 

Dressed timber: timber that has had one or more surfaces 
smoothed by machine. 
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N 
I-" , 
U"1 
U"1 

I DIMENSIONS 
Preferred Range of Call Dimensions 

in mm 

Call Call Dimensions - WIDTH 
Dimensions 
THICKNESS 

50 75 100 125 150 200 225 
25 X X X X X X X 
30 X X 
40 X X X X X X X 
50 X X X X X X X 
75 X X X X X 
100 X X X X X 

_. 
PREFERRED LENGTHS 

(in metres) 

1.8 3.3 4.8 
2.1 3.6 5.1 
2.4 3.9 5.4 
2.7 4.2 5.7 
3.0 4.5 6.0 

Finished Dimensions in mm 

Finished Dimension 
Call 

Dimension 
250 300 Green Dry 
X X Gauged . Dressed 

Timber Timber 
X X 
X X 
X X 25 - I 

19 
X X 30 - 25 

40 37 I 35 
50 47 45 
75 69 65 
100 94 90 
125 119 115 

i62 __ 1_ t~: 
140 
180 

225 219 205 
250 244 230 
300 294 _ 280 





SECTION 22 

FARM MACHINERY 





22. FARM MACHINERY 

22.1 POWER TERMS 

Kilowatt (kW): is a unit of power measurement. It expresses 
the amount of work a machine wi 11 do in a given time and 
equals 1000 joules per second. 1 kW = 1.34 horsepower hp 
(Imperi a 1) Å Imperi al horsepower and metri c horsepower are 
different. Metric horsepower are shown as either CV (French 
= cheval vapeur) or PS (German = pferdestaerke). 1 kW = 
1.360 CV or PS. 

Friction Power: accounts for the power used by an engine to 
overcome the friction of moving parts plus pumping losses. 
These power losses occur even at no load and increase with 
speed and added load. 

Brake Power: is the power available and delivered at the 
crankshaft. 

Rated Power: is the power generated under a particular 
conditi on and eng; ne speed as quoted by the manufactu rer, 
must be accompanied by a qualifying standard, e.g. DIN, SAE, 
and should be given in kW. 

P.T.D. Power: is the power available at the power take-off. 

Drawbar Pull: is the force exerted by a tractor when pulling 
a load attached to the drawbar or 3-point 1 inkage. In 
official tests, the pull is measured on a line parallel to 
the ground surface. 

The maximum pull that can be exerted by a gi ven tractor is 
cri ti ca lly dependant on the i nteract'j on between: 

(a) The maximum torque which can be developed by the 
engine. 

(b) The gear ratio in which the tractor is operated. 

(c) The ability of the ground surface to withstand the 
thrust applied by the drive wheels. In most practical 
situations, this ability will depend on the soil type, 
compacti on and moi sture content, and on the nature of 
the pl ant growth present (if any). 

(d) The number and nature of driving wheels (or tracks) in 
use. 

(e) The total weight carried by the driving wheels, or 
tracks while actually working (not the static weight 
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carri ed by the dr'; vi ng axl es) . Thi s tota 1 wei ght may 
be affected by: 

(il 
(i i) 

(i i i) 

(iv) 

Basic tractor weight; 
Ball ast (water in tyres, wheel weights, front 
frame weights); 
Wei ght transfer from 1 i nkage-mounted equi pment 
(or, with appropriate accessories, from drawbar-
hitched equipment); 
Weight transfer (as from front axle to real axle 
of an ordi nary 2-wheel dri ve tractor) resul ti ng 
from the drawbar pull which is being developed. 

Drawbar Power: is directly rel ated to drawbar pull and 
travel speed. (See 22.2 Useful Formulae). Hence the drawbar 
\lt8'Wid1<il1IE<heQH!lÔa!tsl1ndlrdpn:!;01all tebrs (a) 10 (e) cfis:um:llIlir '!l3brR.ill" an 
on the actual travel speed in work, which is dependant on: 

(a) Engine speed; 
(b) Gear ratio; and 
(c) Percentage wheelslip, which in turn is also influenced 

by all the factors discussed under (c) to (e) in relat-
i on to "Drawbar Pull". 

(d) Rolling resistance. 

NOTE: At most "official" tractor testing stations (such as 
those in Britain, Germany. and the U.S.A.) the drawbar 
pull and drawbar power are determined, for various 
reasons, under conditions which are quite unrealistic 
from an agricultural Viewpoint. The tractors are 
tested on artificial tracks (concrete or tar sealed), 
and the amount of ball ast carried is far greater than 
would be used on most farms. 

Most of the drawbar performance claims made in tractor 
advertising will be based, quite logically, on official 
test reports. It is probably quite reasonable to use 
such cl aims as a basi s for compari ng tractors wi th one 
another in a general way - but not for relating to the 
field operating requirements of various implements. 

For a reliable comparison between tractors on the basis 
of published specifications, consider: 

(a) 

(b) 

Power take-off power (particularly at standard 
P.T.O. speed of 540 rev/min on 1000 rev/min), and; 
Specific fuel consumption in litres or grams per 
k i 1 owatt-hour, at maximum power and at reduced 
power (see Section 22.3). 
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22.2 USEFUL FORMULAE 

Work = Force in Newtons (N) x Distance moved in metres (m) 
= Joules (J) 

work joules \ Power = -. - =,---- = watts (W tlme second I 

Torque = Force in newtons (N) )f Distance between the line of 
acti on of force and tile centre of rotati on in metres 
(m) 
newton metres (Nm) 

Max'imum torque usually occurs at 60-75% of rated engine speed 
Shaft Power (kW) '" Torqu_e (Nm) x R~il-8nal Speed (rev/mif!.t 

Drawbar Power (kW) = Puli (N) x sgeed (km/h) 
360 

Wheelslip (%) x Distlnce travelled (with load) 
DT~tance travelled (noloaCf} 

100 x-r-
("D; stance" ; n each case bei ng measured for the same number 
of drive-wheel revolutions). 

As a rough gui de, the speed of an impl ement (km/h) = number 
of paces per minu~e divided by 20. 

22.3 ESTIMATED FUEL AND OIL CONSUMPTION OF TRACTORS 

The average fuel consumpti on per kW/hour shown in the tabl e 
below is for ,lew tractors. The rate for older tractors may 
be hi gher. fhe average load on the engine vari es accordi ng 
to the way the machi ne is used, the si ze and type of the 
impl ement ettached, speed of travel and condit; on of the 
soil Å 

The fuel consumption per kW/hour increases as the load on the 
eng; ne dfcreases. 
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22.3.1 Average Specific Fuel Consumption per S.F.C. kW/hour 
for a Sample of New Tractors 

Type of Engine and Fuel 

Engine loading Petrol Diesel 
% of max. power litre/kWh 1 itres/kWh 

100 0.48 0.33 
75 0.54 0.36 
50 ').68 0.40 
35 0.87 0.47 
25 1.06 0.59 

Approxlmate fuel consumpti on in 1 itres per hour can be 
estimated by multiplying S.f.C. by power in kW produced at 
a particular engine loading. 
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22.3.2 Fuel Consumption in Litres/Hour for Different Sizes 
and Loads of Tractor Engi nes 

Type of Maximum Engi ne Load on Engiile (% of maximum power) 
Engi ne Power 

75% 50% 35% 25% 
(H.P. ) (kW) ga 1 s/hr 1 i tre/hr gals/hr 1 itre/hr gal slhr 1 i tre/hr ga 1 s/hr 1 i tre/hr 

Petrol 30 22.4 1. 93 8.77 1.62 7.36 1.45 6.59 1. 27 5.77 
35 26.1 2.26 10.27 1.89 8.59 1.69 7.68 1.48 6.81 
40 29.8 2.58 11. 73 2.16 9.82 1. 93 8.77 1. 69 7.68 
45 33.5 2.90 13.18 2.43 11.05 2.17 9.91 1.90 8.63 
50 37.3 3.22 14.64 2.70 12.27 2.42 11.01 2.11 9.59 
55 41.0 3.55 16.14 2.97 13.50 2.66 12.09 2.32 10.54 
60 44.7 3.87 17.59 3.24 14.73 2.90 13.18 2.54 11.55 
65 48.5 4.19 19.05 3.51 15.96 3.14 14.27 2.75 12.50 
70 52.2 4.52 20.55 3.78 17.18 3.38 15.37 2.96 13.45 
75 55.9 4.84 22.00 4.05 18.42 3.62 16.46 3.17 14.41 
80 59.6 5.16 23.46 4.32 19.64 3.86 17.54 3.38 15.37 
85 63.4 5.48 24.91 4.59 20.88 4.12 18.73 3.59 16.32 
90 67.1 5.80 26.37 4.86 22.09 4.35 19.78 3.80 17.27 

Type of Maximum Eng; ne Load on Engine (% of maximum power) 
N Engi ne Power 
N 75% 50% 35% 25% , (H.P. ) (kW) gal s/hr 1 i tre/hr gal s/hr 1 i tre/hr galslhr 1 i tre/hr gal s/hr 1 itre/hr 
--J 

Diesel 30 22.4 1.28 5.82 0.96 4.36 0.79 3.59 0.71 3.23 
35 26.1 1. 50 6.82 1.12 5.09 0.92 4.18 0.82 3.73 
40 29.8 1. 71 7.77 1. 28 5.81 1.05 4.78 0.94 4.27 
45 33.5 1.92 8.73 1. 44 6.55 1.18 5.36 1.06 4.82 
50 37.3 2.14 9.73 1.60 7.27 1.31 5.95 1.18 5.36 
55 41.0 2.35 10.68 1. 76 8.00 1.44 6.55 1.29 5.86 
60 44.7 2.56 11.64 1. 92 8.73 1.58 7.18 1.41 6.41 
65 48.5 2.78 12.64 2.08 9.45 1.71 7.77 1.53 6.96 
70 52.2 2.99 13.59 2.24 10.18 1.$4 1.65 7.50 
75 55.9 3.21 14.59 2.40 10.91 1.97 1. 76 8.00 
80 59.6 3.42 15.55 2.56 11.64 2.10 9.55 1.88 8.55 
85 63.4 3.63 16.50 2.72 12.36 2.23 10.13 2.00 9.09 
90 67.1 3.85 17.50 2.88 13.09 2.36 10.72 2.12 9.64 
95 70.8 4.06 18.46 3.04 13.82 2.49 11. 32 2.23 10.14 
100 74.6 4.28 19.46 3.20 14.55 2.63 11. 95 2.35 10.68 
105 78.3 4.49 20.41 3.36 15.28 2.76 12.54 2.47 11. 23 
110 82.0 4.70 21. 37 3. ,2 16.00 2.89 13 14 2.59 11. 77 
115 85.7 4.92 22.37 3.68 16.73 3.02 13.73 2.70 12.27 
120 89.5 5.13 23.32 3.84 17.46 3.15 14.31 2.82 12.82 
125 93.2 5.34 24.27 4.00 18.18 14.9' 2.94 13.36 
130 96.9 5.56 ?'i _?7 4.1<:i 10.31 3, DO 13.91 
135 100 7 5. T1 26.23 4.32 19.64 3.17 14.41 
14U 104.4 6.00 27.28 4.48 20.37 68 16.73 3.29 14.95 



22.3.3 Oil Consumption 

Average oil consumption in tractors is variable but 
normally below 1 to 1.5% of fuel consumption for engines 
in reasonable mechanical condition. The engine oil may be 
ch3.nged every 250 hours and transmi ssi on 0; 1 may be 
changed every 1000 hours. Oil filters are usually changed 
at each oil change. 

22.4 WORK CAPACITY OF FARM MACHINERY A~lD IMPLEMENTS 

22.4.1 Cultivation 

Area covered by cultivation implements in a given time 
depends or:: 

(i) Size of implement; 
(ii) Size of traction unit; 
(iii) Nature of country - general steepness of the 

contour; 
(iv) Type and condition of soil - compare light, stony, 

heavy and clay soil, in wet or dry condition; 
(v) Type of work; 
(vi) Breakage and general skill of operator. 
(vii) Size and shape of paddock. 

22.4.2 Harvesting 

Area covered by harvesting machinery in a given time 
depends on: 

(il Bulk of the crop - heavy or light yields; 
(ii) Type of crop - wheat or peas, or clovers etc.; 
(iii) Conditions of crop - ease of threshing - lodged 

oats or ryegrass; 
(iv) Weather - hot lind dry v's damp and cool; 
(v) Whether the crop has been windrowed (e.g. peas, 

ryegrass, clover, oats) or is bei ng di l'ect headed; 
(vi) Nature of ground surface - f"1 at or slop;n~, smooth 

or rough. 

22.5 FIELD CAPACITY AND EFFICIENCY 

22.5.1 Field Capacity 

Field capacity is a measure of the relative productivity 
of a machine under field conditions. It accounts for 
failure to utilise the theoretical operating width of the 
machine, operator capabil ity and habits, operating polil:Y 
and field characteristics. The following activities 
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account for the time loss in the field: 

(;) Turning and idle travel; 
( .. \ 1 1 , Materials handling (e.g. seed, fertiliser, chemi-

cals, water, harvested material); 
Cleaning clogged equipment; 
Machine adjustment; 

(i i il 
(i v 1 
(v) 
(vi) 
(vi ;) 

Lubrication and refuelling over daily service; 
Waiting for other machines; 
Other field time interruptions. 

Travel to or from a field, major repai rs, preventative 
maintenance and daily service activities are not included 
in field time or field efficiency. Field efficiency is 
not a constant for a particular machine but varies with 
size and shape of the field, pattern of field operation, 
crop yield, moisture and crop conditions. 

22.5.2 Effective Field Capacity 

Effective field capacity may be determined from the 
following equation: 

SWE 
C = 1000 
where C 

S 
W 
E 

effective field capacity, hectares 
field s?eed, km per hour 
theoretical machine width, metres 
field efficiency (%) 

per hour 

Theoretical field capacity can be determined from the 
above equation by using a f"ield efficiency of 100't. 
Typical ranges of field efficiency and operating speed are 
listed below: 

Machine Range in Speed km/h 
Field Efficiency (%) 

Cultivator, field 75- 90 5.0 - 8.0 
Cultivator, row crop 75 - 90 2.5 - 8.0 
Disc Harrow 75 - 90 5.5 - 9.5 
Plough 75 - 90 5.5 - 8.0 
Rotary Cultivator 75 - 90 2.0 - 7.0 
Harrow (spike-tooth 70 - 85 5.0 - 9.5 
Grain Drill 60 - 80 4.0 - 6.5 
Mai ze Pl anter 60 - 80 5.5 - 9.5 
Combine Header 65 - 80 3.0 - 5.5 
Maize Picker 55 - 70 4.0 - 5.5 
Mower 75 - 80 5.5 - 9.0 
Rake 75 - 90 5.5 - 8.0 
Haybaler 55 - 80 3.0 - 8.0 
Forage Harvester 50 - 75 3.0 - 6.5 
Sprayer 55 - 65 5.0 - 9.5 
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22.6 EXAMPLES OF WORKING OUT TRACTOR HOURS 
(Typical Mixed Cropping Farm Implements and 37-48 kW Tractor) 

These fi gures shoul d be interpreted in the 1 i ght of the; r 
deficiencies, i.e. paddock condition, soil type, crop type, 
the yield of the crop, the amount of research data available 
and how applicable it is to New Zealand conditions. Where 
implements are combined in 'gangs' some rationalisation is 
necessary. Consequently the following figures are, as near 
as possible, an average assessment of hours per hectare for a 
37 to 48 kW (50 to 60 hp 1 tractor operati ng on fl at ground 
cultivating and harvesting an average yielding crop. 

22.6.1 Heavy Soils 

(il Preparation for Peas 
August hrs/ha 

Grub 0.6 
Grub, Harrow & Roll 0.7 
Plough 1.7 
Roll 0.5 
Harrow & Roll 0.3 
Disc, Roll & Harrow 0.2 
Disc & Roll 0.6 
Harrow & Roll 0.3 
Dutch Harrow 0.4 
Drill 0.9 

TOTAL Cultivation 6.7 

Harvesting 
(Yield 3000 kg/hal 2.0 

(iii) Preparation for Barley 
March hrs/ha 

Grub 
Grub, Harrow & Roll 
Harrow & Ro 11 
Plough 
Roll & Di sc 
Harrow & Roll 
Harrow, Roll & Disc 
Harrow & Roll 
Drill 

TOTAL Cultivation 

Harvesting 
Plough headl and 

0.4 
0.4 
0.2 
1.4 
0.6 
0.3 
1.7 
0.3 
0.8 

6.1 

1.5 
0.1 
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(iil Preparation for Wheat 
January hrs/ha 

Plough 2.8 
Roll 0.5 
Disc 0.6 
Grub & Harrow 0.5 
Grub 0.4 
Harrow & Roll 0.4 
Drill 0.6 

TOTAL Cultivation 5.8 

Harvesting 
(Yield 3300 kg/hal 1.5 

(iv) Preparation for Grass 
March hrs/ha 

Disc 
Harrow & Roll 
Drill 
Spread Fertiliser 

TOTAL Cultivation 

1.2 
0.5 
1.1 
0.5 

3.3 

This paddock is sown for 3 
years, so cost of estab-
lishment is divided by 3 to 
find the annual cost. 



(v) Preparation for Tama 
Ryegrass 

hrs/ha 

Disc & Harrow 
Roll & Disc 
Roll 
Di sc 
Harrow & Roll 
Disc & Harrow 
Roll 
Disc & Harrow 
Harrow & Roll 
Drill 
Spread Fertiliser 

TOTAL Cultivation 

0.6 
0.2 
0.4 
0.6 
0.4 
0.6 
0.3 
0.5 
0.4 
1.0 
1.5 

6.5 

22.6.2 Medium Soils 

(i) Old Grass - Peas 

Deep Plough 
Roll 
Disc (2x) 
Grub (3x) 
Harrow (2) 
Roll (2) 
Drill 
Roll 
Harrow 

TOTAL Cultivation 

Harvest - Mow 
- Head 

hrs/ha 

3.3 
0.8 
2.0 
2.5 
1.0 
1.6 
1.0 
0.8 
0.5 

13.5 

1.6 
1.3 

(vi) Preparation for Clover 
Seed 

Spray 
Heavy Roll 
Mow 

TOTAL Cultivation 

Thresh 

(ii) Peas - Wheat 

Disc (2) 
Deep Plough 
Grub (3) 
Drill 
Roll 
Harrow 

TOTAL Cultivation 

Harvesting 

hrs/ha 

0.4 
0.8 
1.5 

2.7 

2.5 

hrs/ha 

2.0 
3.3 
2.5 
1.0 
0.8 
0.5 

10.1 

0.9 
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(iii) Wheat - Barley (iv) Barley - Greenfeed - Summer 
Fallow - New Grass 

hrs/ha hrs/ha 

Disc (2) 
Deep Plough 
Grub (2) 
Harrow (2) 
Ron (2) 
Dri 11 
HarrOlt 

2.0 
3.3 
1.6 
1.0 
1.6 
1.0 
0.5 

Grub 
Roll 
Dr; 11 
Plough (October) 
Grub (4) 
Harrow (4) 
Roll (4) 
Dr; 11 
Rorl 

2.5 
0.8 
1.0 
3.3 
3.3 
2.0 
3.3 
1.0 
0.8 

TOTAL Cultivation 11.0 TOTAL Cultivation 18.0 

Harvesting 1.2 Harvesting Ryegrass 

22.6.3 Miscellaneous 

hrs/ha 

Windrowing 0.5 
Forage harvesting 1.0 
Direct Drilling 0.3 
Power Harrows 2.0 
Beet Lifter 2.0 

(4.3 metres cutting width) 
(20 tonnes per hour) 
(using a Triple Disc 2.5 m width) 
(using a Roterra 2.5 m width) 
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23. WEIGHTS AND MEASURE 

References: "Metrics on the Land", 1973, F.J. Peake (ed.) 
Information Services, M.A.F. 
"Conversion to Metric Units (S.I.)", 1973. 
Professor J.G.H. White, Plant Science Depart-
ment, Lincoln College. 
"Agricultural Chemicals and Metr;cat~on", 1974. 
Ag. Chern. and Animal Remedies Manuf. Fed., 
M.A.F. and N.Z. Grain, Seed & Produce Merchants 
Fed. 
New Zealand 
I nternati ona 1 
,l\pp 1 i cat; on. 

Standard 6501 1973, The 
System (SI) Units and Their 

23.1 THE S.I. SYSTEM 

23.1.1 Introduction 

New Zealand has 'gone metric'. Since January 1974, most 
agricul turally rel ated industries have been using metric 
measures for their products. 

The International System (S1) of units is used in most 
countries of the world. This uniformity of measure is 
preferabl e to several different systems, whi ch requ; re 
tedious conversions. 

I t is c1 umsy to thi nk in the 01 d imperi al system and 
convert into metric or vice versa. It is better to 'THINK 
METRIC' in the first place. 

This section is designed to assist those people who have 
not completely changed over to the metric system. 

Some useful conversion tables are reproduced in Section 
22.3. 

23.1.2 S.l. Units 

Only a small proportion of the total 5.1. units are needed 
for everyday use. These are: 

Quantity 

LENGTH 

Unit 

millimetre 
centimetre 
metre 
kilometre 
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Symbol 

mOl 
cm 
In 
k.ill 



Quantity 

AREA 

VOLUME 

MASS (weight) 

VELOCITY 

FORCE 

PRESSURE 

TEMPERATURE 

Unit 

square centimetre 
square metre 
hectare 

cubic centimetre 
cubic metre 
mi 11 il itre 
1 itre 

gram 
kilogram 
tonne 

metres per second 
kilometres per hour 

newton 

kilopasca1 

degrees Celsius 

Symbol 

cm2 
m2 
ha 

Clj3 
m 
m1 
1 or 1 itre 

g 
kg 
t 

m/s 
km/h 

N 

kPa 

Ác 
23.1.3 The Prefixes of S.I. Units 

There is a unit common to each quantity - for example, the 
unit in length is the metre. The prefixes "mil1i", 
"centi", and "kilo" denote how many parts of the basic 
unit a measurement is. For example, a centimetre is one-
hundredth of a metre, and a kilometre is one thousand 
times a metre. All metric units in each quantity are 
related to each other in multiples of 10. The most common 
prefixes are: 

Prefix Symbol Meaning 

tera T 1012 
giga G 109 
mega M one million times, 106 
kilo k one thousand times, 103 
hecto h one hundred times 
deea da ten times 

\,,\{t,'\:".,> V""\ Å. t .. , 
deci d one-tenth 
centi c one-hundredth 
mi 11 i m one-thousandth, 10 -3 

mi ero one-millionth, 10-6 
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23.1.4 Special Names 

Although the basic unit and the metric prefix are used for 
most measures, some special names are given to commonly 
used quantities. For example: 

1000 kilograms = 1 tonne 
10 000 square metres = 1 hectare 

A cubic decimetre is called a litre when liquid capacity 
is measured. One-thousandth3 of this volume is called 
either a cubic centimetre (cm ) or, when liquid capacity 
is measured, a millilitre (ml). 

Pascal is the name given to a pressure of 1 newton per 
square metre. 

23.1.5 Rules of Style 

There are some important rul es that shoul d be followed 
when writing values and symbols. These include: 

(a) Capitals - No initial capital for any S. L unit 
written in full, e.g. metre NOT Metre. 
Capitals only for symbol if unit is 
derived from a proper name, e.g. newton = 
N, or for numerical prefixes, T, G and M, 
e.g. megagram Mg. 

(b) Plurals - NEVER \~ith symbols. Where necessary with 
full name. Decimal fractions are always 
singul ar. 
e.g. 35 kilometres OR 35 km NOT 35 kms 

1.5 grams OR 1.5 g NOT 1.5 gs 
0.5 grams OR 0.5 g NOT 0.5 gs 

(c) Number grouping - In numbers of more than four 
digits, place in groups of 3 with a space 
in between. No commas should be used, 
e.g. 3 578 963 NOT 3,578,963 

1 673.576 NOT 1,673.576 

(d) Full Stops - A full stop is NOT used after a symbol, 
except at the end of a sentence. 

(e) The Decimal Point - May be placed either on the line 
or in a mid-line position, e.g. 28.75 OR 
28 76. 

(f) The word "PER" - When the word "per" forms part of 
the name of a unit (e.g. metres per 
second), an oblique stroke should be used. 
SlIch things as k.p.h. for kilometres per 
hour are NOT ALLOWABLE. 
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e.g. 25 metres per second = 24 m/s. An 
alternative method is to use the_,otation 
whereby km/h is wri tten as km h . The 
sol i dus (j) shoul d not be i ncl uded more 
than once in a combination unless parent-
heses are inserted to avoid ambiguity. 

23.1.6 Precision and Conversion 

If an article is still manufactured according to imperial 
standards, imperial measures should be used until the 
manufacturer changes to metric, e.g. if a pipe is preci-
sion-made to a diameter of 6.00 inches, it should be 
referred to by that measure and not 152.4 mm. When the 
manufactu rer changes to metri c, the pi pe may become 150 
mm. 

Where legal or definitive specifications are involved they 
should be used in the form in which they are given, e.g. 
if it is a legal requirement for a house to be 15 feet 
from a boundary, the imperial measure must be used until 
the legislation is changed to metric. 

23.1.7 Metric and Imperial Listings 

Where you use metric units, do not give imperial convers-
ions alongside them. Give a list of imperial equivalents 
in an appendix. If you must use imperial units for any 
reason, such as in 22.1.6, put the metric equivalent in 
brackets. THINK METRIC! 

23.2 IMPERIAL TO METRIC CONVERSIONS 

23.2.1 Area 

1 square inch = 6.452 cm2 

1 square foot = 0.092 90 m2 

1 square yard = 0.8361 1 m2 

1 perch = 25.29 m2 
acre '" 0.4047 ha 

1 square mil e = 2.590 km2 

(1 ha = 10000 m2 ) 
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Quick Conversions: 

square inches x 20/3 cm2 

perches x 25 = m2 
square miles x 5/2 = km2 

23.2.2 Density 

1 lb/cu.inch = 27.68 g/cm3 
1 lb/cu.foot = 0.016 02 g/cm3 
1 lb/cu.foot = 16.02 kg/m3 
1 ounce/gal = 6.236 g/litre 
1 pound/gal = 99.78 g/litre 

Quick Conversions: 

square yards x 5/6 = m2 

acres x 4/10 ha 

pounds per cubic foot x 16 = kg/m3 
ounces per gallon x 6 = g/litre 
pounds per gallon x 100 = g/litre 

23.2.3 Energy 

1 kilocalorie/pound = 9.230 kJ/kg 
1 kilocalorie = 4.187 kJ 
1 Btu = 1.06 kJ 
1 horsepower = 0.7457 kW 
1 therm = 106 MJ 

Quick Conversions: 

kilocalories x 4 = kJ horsepower x 3/4 = kW 

Note: the watt is the power used when work is done or 
energy expended at the rate of one joule per 

second. 

23.2.4 Length 

1 inch 
1 inch 
1 foot 
1 yard 
1 chain 
1 furlong 
1 mi 1 e 

= 25.4 mm (exactly) 
= 2.54 cm 
= 0.3048 m 
= 0.9144 m 
= 20.12 m 
= 201.2 m 
= 1.609 km 
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Quick Conversions: 

inches x 10/4 = centimetres 
feet x 3/10 = metres 
yards x 9/10 = metres 

23.2.5 Mass 

1 ounce 
1 pound 
1 pound 
1 stone 
1 hundredwei ght 
1 long ton 
1 short ton 

= 28.35 9 
= 453.6 9 
= 0.4536 kg 
= 6.3504 kg 
= 50.803 kg 
= 1.016 t 
= 0.9072 t 

Quick Conversions: 

ounces x 30 = 9 
pounds x 4/9 = kg 
hundredweights x 50 = kg 
long tons x 1 = t 

23.2.6 Mass per Unit Area 
2 1 ounce/sq.yard = 33.91 g/m 

1 pound/acl"e = 0.1121 g/m2 
1 pound/acre = 1.121 kg/ha 
1 hundredwei ght/ 

acre 
1 ton/acre 

Quick Conversions: 

= 0.1255 kg/ha 
= 2.5 t/ha 

chains x 20 = metres 
miles x 8/5 = kilometres 

ounces per square yard x 100/3 = g/m2 
pounds per acre x 11/100 = g/m2 
pounds per acre x 11/10 = kg/ha 
tons per acre x 10/4 = t/ha 

23.2.7 Mass per Unit Length 

1 pound/inch 
1 pound/foot 

Quick Conversions: 

= 17 .86 kg/m 
1.488 kg/m 

pounds per foot x 3/2 = kg/m 
pounds per inch x 18 = kg/m 
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23.2.8 Pressure 

1 pound force/square inch 
1 pound force/square foot 
1 inch Mercury 

= 6.895 kPa 
= 0.0479 kPa 
= 3.4 kPa 

Quick Conversions: 

pounds force per square inch x 7 kPa 
inches of Mercury x 3.5 = kPa 
Note: Atmospheric pressure is given in mi"llibars. 

1 millibar (mb) 0.02953 barometer inch Mercury 
1 bar 10 kpa 
1 pascal pressure or stress arising when a 

force of one newton is applied 
uniformly over an area of one 
square metre. 

23.2.9 Temperature 

Temperature is measured in degrees Celsius (oC) 

To convert temperatures 5/9 x (oF - 32) = ÁCelcius 
23.2.10 Velocity 

1 foot/second 
1 mil e/hour 
1 foot/second 
1 mil e/hour 
1 international 

= 0.3048 m/s 
= 0.447 m/s 
1.097 km/h 
1.609 km/h 

knot = 1.852 km/h 
Quick Conversions: 

feet per second x 3/10 = m/s 
miles per hour x 8/5 = km/h 

23.2.11 Volume 

1 cubi cinch = 16.387 cm3 
1 cubic foot = 0.02832 m3 
1 cubi c yard = 0.7646 m3 
1 fl ui d ounce = 28.41 ml 
1 pint = 0.5683 1 itre 
1 gallon = 4.546 litres 
1 cubic foot = 28.3167 litre 
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Quick Conversions: 

cubic inches x 16 = cm3 
cubic feet x 3/100 = m3 
cubic yards x 3/4 = m3 

fluid ounces x 30 = ml 
pints x 6/10 = litre 
gallons x 9/2 = litre 

23.2.12 Volume per Unit Area 

1 fluid ounce/acre 
1 pint/ac 
1 gallon/ac 

Quick Conversions: 

70.2 millilitres/ha 
1.404 1 itres/ha 
11.23litre/ha 

pints per acre x 1.4 = litres per hectare 
gallons per acre x 11 = litres per hectare 

23.2.13 Volume per Unit Time (Volume rate of flow) 

1 cubic foot/second = 0.02832 m3/s 
1 cubic foot/second = 101.0 m3/h 
1 gallon/hr = 0.004546 m3/h 
1 cubic foot/second = 28.32 litres/s 
1 gal/min = 272.8 litres/h 
1 gallon/hr = 4.546 litres/h 

Quick Conversions: 

gallons/hour x 9/2000 = m3/h 
gallons/minute x 3/11 = m3/h 
gallons/hour x 9/2 = litres/h 
cusecs x 30 = litres/s (1 cumec 1 cubic metre/second) 
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23.3 MISCELLANEOUS MEASURES 

23.3.1 Cost Conversions 

Cost per kilogram 
Cost per kilogram 
Cost per tonne 
Cost per litre 
Cost per hectare 
Cost per metre 
Cost per metre 
Cost per kilometre 

Cost per pound x 2.2 
Cost per hundredweight/50 
Cost per ton x 1 
Cost per gallon/4.5 
Cost per acre x 2.5 
Cost per yard x 1.1 
Cost per chain/20 
Cost per mile/l.6 
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23.3.2 Crop Yields 

(i) Wheat, peas, ryecorn, lupins, clover, lucerne, beans - 36.7 bu/t 

(ii) Linseed, maize - 39.4 bu/t 

(iii) Barley - 44.0 bu/t 

(iv) Oats - 55 bu/t 

(v) Ryegrasses, grass seed .- 110.0 buit 

Examples: 

Yield in bushels/acre 

(i) (ii) (; i i) (iv) 

89.3 95.6 107.1 133.9 
81.8 87.6 98.2 122.7 
74_4 79.7 89.3 111.6 
67.0 71.7 80.3 100.4 
59.5 63.7 71.4 89.2 
52.1 55.7 62.5 78.1 
44.6 47.8 53.6 66.9 
37.2 39.8 44.6 55.8 
29.8 31.8 35.7 44.6 
22.3 23.9 26.8 33.5 
14.8 15.9 17.8 22.3 

Yield in tonnes/ha 

(v) 

267.7 6 
245.4 5.5 
223.1 5.0 
200.8 4.5 
178.5 4.0 
156.2 3.5 
133.8 3.0 
111.5 2.5 
89.2 2.0 
66.9 1.5 
44.6 1 



23.3.3 Distance 

1 international nautical mile 1852 m. 

23.3.4 Rainfall 

10 points 
1 inch 

2.54 mm 
25.4 mm 

NOTE: Rainfall is now measured in millimetres. 

23.3.5 Temperature 

Freezing point, water 
Blood heat 
Cold water (tap) 
Warm water 
Hot water 
Boiling water 
Absolute temperature (K) 

23.3.6 Velocity 

aOc 
36.6oC 
lOoC 
45ÁC 
700e 
100ÁC 
Ác + 273.16 

1 knot = 1 nautical mile per hour 0.514 m/s. 

23.3.7 Volume 

1 teaspoonful 
1 dessertspoonflll 
1 tabl espoonful 
1 mil k bottl e 
1 large milk bottle 
5 ga 11 on drum 
44 gallon drum 

23.3.8 Volume per Unit Area 

1 pound per acre 
1 hundredweight/acre 
1 ton per acre 

3.5 ml 
7 ml 
14 ml 
600 ml 
740 ml 
22litres 
200 1 i tres 

1.1 kg/ha 
125 kg/ha 
2.5 t/ha 
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23.3.9 Application Rate Conversion Chart 

~ --, 
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PER PER PER 
HA ACRE HA 
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x---

PER HA 100 
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x----
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x x --

PER ACRE 1.4x%Al %Al 
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-
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SECTION 24 

ENERGY 

Revised by the Agricultural Engineering Department 





24. ENERGY 

24.1 DEFINITION OF ELECTRICAL TERMS 

Ampere Å.............. the unit in which the strength of an 
electrical current is measured. 

Ohm ..........Å.....Å. the unit in which resistance to the flow 
of an electric current is measured. 

Volt ........Å...Å.... the unit of electric 'pressure'. A 
'pressure' of 1 volt is required to 
'force' a current of 1 amp through a 
resistance of 1 ohm. 

Watt ........ÅÅ.Å..... the unit of power, or rate of doing 
work. Watts = Volts x Amperes. 

Kilowatt-hour ...ÅÅÅ.. for commercial purposes, electrical 
energy is charged for in units of 1000 
watt-hours, or kilowatt-hours. 

kWh for D.C. current = Volts~ Amperes x hours lOUD 
kWh for A.C. current = Vol ts-y __ ~m..p_~es_ x hours x ~er factor 1000 ------

24.2 USEFUL FORMULAE AND EQUIVALENTS 

1 kilowatt = 1000 watts 
1.341 horsepower 
56.869 British thermal units (Btu) per minute 

No. of kilowatts to heat water in 1 hour 

Litres x Temperature Rise (oC) 
8:586 -x-EfficiencyPercentage 

NOTE: Wi th water at an average tap temperatu re of lOoC, 1 kW 
will boil 9.54 litres/hour at 100% efficiency. 

1 kilowatt-hour = 3412 Btu 
1 Btu = heat required to raise 1 pound of water by 1ÁF 
1 calorie = heat required to raise 1 gram of water by IOC 
1 Therm = 29.34 kW/hour = 100 000 Btu 
1 Horsepower = 745.7 watts = 42.407 Btu/minute 
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NOTE: The reader shoul d be aware that the above menti oned 
Imperials units, e.g. Btu, horsepower, Farenheit, 
etc. have been di s regarded in New Zea 1 and, and that 
it is advisable to think and work in metric units, 
to avoid possible complications when trying to 
convert metric back to Imperial units. 

24.3 ELECTRICITY CONSUMPTION - EQUIPMENT USED IN DAIRY SHEDS 

Wattage 

100 
250 
500 

750 
1000 
1500 
to 
2000 
2000 
to 
3000 

Over 
3000 

Electricity Users 

Light bulbs, valve radios 
Teat sprays, small motors 
Sump pumps, small motors, vat, wash 
pumps, backing gate 

Icebanks, small motors 
Icebanks, small motors 
Water heaters, yard wash pumps, teat 
wash heaters, milking machine 
motors, water pumps 

Water heaters, vat chiller units 
effluent pumps, milking machine 
motors, yard wash pumps, reverse 
flow pumps, water pumps 

Vat chiller units, milking machine 
motors, effluent pumps, reverse 
f1 ow pumps 

Hours run to 
use one unit 

10 
4 

2 
1.33 
1 

30 - 40 
mi nutes 

20 - 30 
minutes 

Less than 
20 minutes 

Icebanks, water heaters and vat chi 11 er units are the major 
power consumers. 

Source: AgLink FPP 377 
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SECTiON 25 

METEOROLOGICAL DATA 

Revised with the assistance of Dr. N. J. Cherry, 
Agricultural Engineering Department 





25. METEOROLOGICAL DATA 

25.1 ANNUAL RAINFALL 

The following table is a summary of rainfall from April 1974 
to t4arch 1979 gathered from main centres throughout the North 
and South Islands. 

Rainfall in mm 

District 1974/75 1975/76 1976/77 1978/79 Normal 

Whangarei 1495 1921 1754 1172 1492 
Hamil ton 1179 1295 1388 1153 1197 
Taumaranui 1696 1628 1503 1388 1432 
Gisborne 1456 1014 1171 1406 1034 
Napier 1087 1038 777 951 780 
Waipukurau 1144 892 843 899 839 
Pa1merston 
North 1080 1062 1152 778 1002 

Masterton 1257 1054 1137 1092 964 
Blenheim 827 706 732 587 664 
Christchurch 940 794 727 806 632 
Highbank 1203 992 897 868 985 
Ashburton 989 738 683 679 776 
Taieri 787 574 751 734 687 
Gore 825 938 857 858 841 
I nvercargi 11 859 1058 996 1083 1044 

Source: New Zealand Meteorological Service 
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25.2 WEATHER FORECASTING 

25.2.1 Symbols 

The following symbols are employed for marking the posit-
ions of fronts and all ied phenomena on charts. This is a 
monochromatic method of representation: 

......... Co 1 d front at the su rface 

ÅÅ Warm front at the surface ........... Occluded front at the surface -- .. T~ Stationary front at the surface 

"At the surface" - intersection of the front with the 
surface, depicted by the chart. 

fog 

<X) haze 

, 
Å 
~ 

* m 
R 
< 
È 

mist 

dri zzl e 

rain 

hail 

snow 

continuous 

Precipitati on 

thunderstorms 

lightning 

hi gh pressu re 
anti cyel one 

É low pressure - cyclone, 
depress; on 

irr various strength winds 
~ dew 

o o 
( ) 
a 
----v-
< 
~ 

cl ear sky 

calm 

visibility, exceptional 

cumulus cloud 

stratus 

alto stratus 

cirrus 

N the fraction of the cellestial dome covered by cloud. 
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25.2.3 Surface Charts 

One of the important steps in the analysis consists of 
draw; ng isobars, 1 i nes along whi ch the atmospheri c 
pressure (corrected to sea-level) has the same value. On 
large area charts they are drawn at intervals of 5 milli-
bars. 

Meteorol ogi sts have di scovered that the vii nd blows along 
isobars with a speed depending on how closely they are 
spaced. Isobars close together shows a strong wind, wide 
apart a light wind. 

A westerly wind means lower pressure to the south, while 
an easterly wind means lower pressure to the north. Four 
important features: 

(i) Anticyclone 
A region of high pressure. In New Zealand wind 
blows in a counter-clockwise direction around an 
anticyclone. The central region is an area of 
1 ight variable winds, usually accompanied by a 
spell of fine weather or cloudiness, scattered 
drizzle or fog. Normally moving from west to 
east. 

(ii) Depressions & Fronts 
A depression is a region of low pressure, a 
cyclone. The winds blow in a clockwise direction 
and are often strong. In New Zeal and regional 
depress ion s generally move towards the southeast 
or east. Rain is usually concentrated in quite 
distinct parts of a depression. Many depressions 
are composed of two distinct airmasses, one warm 
and the other cold. The boundaries between these 
are fronts. A line along which warm air is 
advancing and displacing cold air is a warm front, 
and vice-versa. Most of the cloud and precipit-
ation in a depression is concentrated on the 
fronts. Their passage is often marked by a clear-
ance or change in weather and wind direction. 
Often a deep depression, a cold front, may 
overtake a warm front formi ng a si ng1 e front 
called an occlusion. 

(iii) Troughs of Low Pressure 
Sometimes an area of low pressure in an elongated 
form extends across the chart as a narrow region, 
along which atmospheric pressure is lower than 
directly on either side. This is known as a 
trough of lower pressure. It often extends from 
the southeast towards the northwest. As the 
depressi on passes south of New Zeal and the trough 
moves from the southwest to northeast across the 
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country. An anticyclone is usually located on 
either side of the trough. Within the trough, 
there is often a cold front, preceded by northwest 
winds and a belt of cloud and rain, followed by 
southwest winds, lower temperatures and showers. 

(iv) Ridges of High Pressure 
Between two depressions or troughs of low pres-
sure, there is often a ridge of high pressure. An 
elongated a rea, the same as the trough, except 
that atmospheri c pressu re i $ hi gher than in the 
immediate vicinity on either side. This is 
genera 11y accompani ed by a bri ef peri ad of fi ne 
weather similar to an anticyclone. 

25.2.4 Prognostic Charts and Forecasting 

Ana 1ys; s of the current weather situati on ; s a necessary 
prerequisite to forecasting. The first step is the 
construction of a "progrostic chart" for 24 hours after 
the latest analysis. The future locations of anticyc-
lones, depressions, troughs, ridges and fronts are decided 
by the meteorologi st from weather pattern trends over the 
last few hours and days. Locations of "jetstreams" 
(ribbons of very strong wind at altitudes of 9-12 km), 
temperature changes, land masses and cold or warm oceans 
are also noted. Atmospheric conditions are very compli-
cated and weather forecasting can never be simple. 
Patterns of flow, fronts and their associated weather are 
always changing. 

Topography has a strong influence resulting in cloud and 
heavier rain on the windward wide of mountain ranges, and 
dry weather on the lee-side. 

An over estimate of cloud or wind at night, may lead to 
fog or frost being omitted from the forecast. 

Reference: N.Z. Meteorological Service, Misc. Pub. 138. 

25.3 SUMMARIES OF CLIMATOLOGICAL OBSERVATIONS AT NEW ZEALAND 
STATIONS TO 1980 

25.3.1 Introduction 

Tables summarlslng the climatological observations made at 
stations administered by the New Zealand Meteorological 
Servi ce in New Zeal an d are currently undergoi ng updati ng 
to include observations to the end of 1980. These will be 
released as New Zealand Meteorological Service 
Miscellaneous Publication 177 "Summaries of 
Climatological Observations to 1980" early in 1983. 
(Inquire N.Z. Meteorological Service, Wellington. 
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In most cases the tables are based on observations made 
once a day. The observati on hour since 1 January 1950 in 
New Zealand has normally been 0900 hours New Zealand 
Standard Time (NZST) but prior to this was 0930 hours 
NZST. Any deviations from these times are noted in the 
tables. NZST is 12 hours ahead of GMT. 

The summari es re 1 ate to the present sites of most cur-
rently operating stations. Unless the tables specify 
otherwise site changes involving little if any discontin-
uity are ignored in compil ing the data. When for a 
particular station sites not strictly comparable have been 
used, the data for the extremes of temperature, rainfall 
and sunshine are usually taken from observations made at 
all sites. 

25.3.2 Notes on the Tables 

(i) Station Details 

The 1 atitude an d longitude of each station are 
given in degl'ees and minutes and the height in 
metres. 

The code number listed before each station name is 
allocated by the New Zealand Meteorological 
Service for its own purposes. 

(ii) Rainfall 

The standard New Zealand Meteorol ogi cal Servi ce 
rain-gauge has a funnel diameter of 12.7 em and is 
installed with the rim 30 cm above ground. Rain-
fall is measured to 0.1 mm. 

Highest monthly annual total: The highest 
rainfall recorded during the period indicated. 

Normal: The normal refers to the standard 30 year 
period 1941-80, and is the average rainfall over 
thi s peri od. At many stat; ons the observati ons 
are not compl ete over thi s per'i od and the normal 
is obtained by adjusting the actual rainfall 
recorded to the standard 1941-80 period. This is 
done by comparing the actual rainfall at the 
station with the rainfall at nearby stations for 
which a true 1941-80 normal is available. The 
normal rainfalls are adjusted for changes in the 
observation site (where applicable) and relate to 
the current observation site. 
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Lowest monthly/annual total: The lowest rainfall 
recorded during the period indicated. 

Average number of days with rain: The average 
number of days (0900 hours NZST to 0900 hours 
NZST) during which at least 1.0 mm of rain was 
recol'ded. 

Maximum I-day rainfall: The highest rainfall 
recorded in the 24 hours ending at 0900 hours NZST 
during the period indicated. 

(iii) Water Balance 

The data on wate7' ba 1 ance are based on the I'e 1 a-
tionship between the estimated daily potential 
evapotranspiration (assessed from the mean monthly 
evapotranspiration) and the daily rainfall, 
assuming that the soil is capable of holding a 
maximum of 75 mm of water. 

Average runoff: Runoff occurs when the rainfall 
1 ess the potenti a 1 evapotran spi rat; on exceeds the 
moi sture capac; ty of the soil whi ch is assumed to 
be not more than 75 mm. The average runoff during 
the peri od i nd; cated is the average runoff per 
month or year, after allowance is made for the 
soil moisture capacity of 75 mm. 

Average deficit: A deficit occurs when the 
combined rainfall and available soil moisture is 
less than the potential evapotranspiration. The 
average deficit during the period indicated is the 
average deficit per month or year after allowance 
has been made for the available soil moisture. 

(iv) Temperatures 

Dry and wet bulb, maximum and mlnlmum thermometers 
are exposed in screens 1.3 metres above the 
grassed surface. The thermometers used are mainly 
of the sheathed pattern. 

Highest maximum: The highest temperature recorded 
during the period indicated. 

Mean monthly/annual maximum: The average of the 
highest temperature recorded in each month or year 
during the period indicated. 

Mean daily maximum: The average of the hi ghest 
temperature recorded each day duri ng the peri od 
indicated. This is apprOxima~y the average 
early afternoon temperature. 
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Normal: The normal refers to the standard 30 year 
period 1931-80, and is obtained by averaging the 
mean daily maximum and mean daily minimum temper-
atures for this period. At many stations the 
observations started after 1931, and in these 
cases the normal is obtained by adjusting the 
actual temperatures to the standard 1931-80 
period. This is done by comparing the actual 
temperature with the temperature at nearby 
stations for which a true 1931-80 normal is 
avail abl e. The normal temperatures are adjusted 
for changes in the observation site (where 
appl icablel and relate to the current observation 
site. The normal temperatures given here are 
slightly different from those which would be 
obtained using hourly observations over the 24 
hour day. Such temperatures are available on 
request. 

Mean daily minimum: The average of the lowest 
temperature recorded each day during the period 
indicated. This is approximately the average 
early-morning temperature. 

Mean monthly/annual minimum: The average of the 
lowest temperatures recorded in each month or year 
during the period indicated. 

Lowest minimum: The lowest temperature recorded 
during the period indicated. 

Mean daily grass minimum: The average of the 
lowest grass temperatures recorded each day duri ng 
the period indicated. The grass minimum thermo-
meter is exposed horizontally 2.5 cm above a level 
grass surface. 

(v) Days with Frost 

Ground frost: Data on ground frost are obta i ned 
from the readi ngs of grass mi nimum thermometers 
which are exposed horizontally 2.5 cm above a 
1 evel grass surface. A day wi th ground frost 
occurs when the grass minimum temperature is -1.0 
degree C or lower. The data given are the average 
number of days wi th ground frost in a month or 
year, during the period indicated. 

Frost in screen: A day wi th screen frost occurs 
when the temperature in the screen (1. 3 metres 
above a grassed su rface) is below 0 degrees C. 
The data given are the average number of days with 
screen frost in a month or year, during the period 
indicated. 
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(vi) Earth Temperature 

Earth temperatures are measured at 0900 hours 
NZST. Bent- stem thermometers with the bul bs sunk 
into bare soil are used at depths of 0.10 and 0.20 
metres. At depths of 0.30 and 0.91 metres lagged 
thermometers are used, these being suspended 
inside steel tubes sunk into the ground. At 
shallow depths the 0900 hours earth temperature is 
close to the minimum earth temperature for the 
day, but at depths of 0.30 metres or more than the 
diurnal range is negligible, and such earth 
temperatures at 0900 hours are close to the mean 
daily earth temperatu res at these depths. The 
data give the average 0900 hours earth temperature 
for various depths during the period indicated. 

(vii) Relative Humidity 

The average re 1 ati ve humi dity at 0900 hours NZST 
is calculated from the average dry and wet bulb 
temperature observations made at 0900 hours. At 
the stations equipped with hygrographs a mean 
relative humidity over 24 hours is also given. 
This is found by averaging the value for each hour 
scaled from the hygrograph charts. The data given 
are over the period indicated. 

(viii) Vapour Pressure 

The vapour pressure is a measure of the water 
vapour content of the air. The average vapour 
pressure at 0900 hours NZST is calculated from the 
average dry bulb temperature observati ons made at 
0900 hours and the average relative humidity 
ca 1 cul ated (as above) for 0900 hours. The data 
given are averages over the period indicated. 

Note: Water vapour, 1 ike other gases, exerts a 
pressure, which is called a vapour pressure. Near 
the ground water vapour can exert a pressure of 
about 5 to 30 millibars and in New Zealand average 
vapour pressures vary from about 7 mill ibars to 18 
millibars. The relative humidity at a specific 
time may be expressed as the actual vapour pres-
sure at that time divided by the vapour pressure 
neecessary for saturation. 

(xi) Sunshine 

The duration of "bright sunshine" is given for 
stations equipped with Campbell-Stokes pattern 
sunshi~e recorders. 
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Owing to topographical features there are few 
stations at which all possible sunshine would be 
recorded. 

Highest: The highest duration of bright sunshine 
for the month or year during the period indicated. 

Average: The average duration of bright sunshine 
for the month or year during the period indicated. 

Percent of possible: The highest/average/lowest 
durati on of bri ght sunshi ne expressed as a 
percentage of the total possible bright sunshine, 
i.e. the astronomically possible sunshine, less 
half an hour for each day. 

Lowest: The lowest duration of bright sunshine 
for the months or years duri ng the peri od i ndi c-
ated. 

(xl Wind 

The daily wind run in km per day is given for 
those stations equipped with a Robinson Cup 
3nemometer, the cups of which are usually exposed 
6 metres above the ground. For an open exposure 
the wind run recorded at 6 metres is approximately 
10 percent less than the wind run at 10 metres. 
Wind gusts: At stations equipped with Dines or 
~1unro recordi ng anemometers, deta i 1 ed i nformati on 
about fluctuations in wind speed and direction are 
available. From these records are given the 
average number of days in the month or year with 
gusts of 34 knots or more, and 52 knots or more. 

(xi) Special Phenomena 

The frequency of special phenomena is given as the 
average number of days per months or year on which 
they are observed. 

t-Jote: It is difficult to obtain reliable data on 
some special phenomena because some observers fail 
to record all occurrences especially when they 
happen at ni ght. The data shaul d therefore be 
treated with caution. r:lata given are the average 
number of days per month or year, over the period 
indicated, of snow, hail and thunder. 
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H32641 LINCOLN lAT. 43 39S LONG. 112 28E HT. II H. 

N 
JAN feB M~. APR MAY JUN JUL AUG SEP OCT ~OV DEC YEAR U1 

RAINFAlL. MIlU"ETRES 
W 

HIGHEST MONTHLY/ANNUAL TOTAL 1881-191Q 139 233 179 204 191 199 209 236 142 133 150 192 986 W 
frWOI,,"UL 1941-1910 56 56 66 58 16 58 58 56 46 48 53 58 689 
lOWEST MONTHlY/A"NUAt TOTAL 1881-1910 1 0 5 10 II 9 4 8 1 3 12 3 338 1"'1 

>< 
AvE PAGE NUMeEP OF DAVS WITH qAtN s:è 

1.0 MIlLI"ETRES O. MORE 1881-1910 1 6 1 1 8 8 9 8 1 7 8 7 88 EI 
MAXIMUM I-DAY RAINFALL HM. 1881 -1910 98 102 92 79 19 106 81 60 41 65 51 69 106 ~ 

m 
ESTIMATeD WATE" BALANCE 0 AVERAGE RUNOFF (MH> 1881-1970 3 3 5 18 28 46 30Ŀ l' 3 161 -II AVERAGE DEFICIT Uti"') 1881-1970 41 36 23 10 3 28 146 

-I 
TEMPERATURE. DEGREES CELSIUS s:è 

HIGHEST MAXIMUH 1881-1910 37.9 36.3 33.9 29.4 27.2 22.7 20.6 22.2 31.1 30.7 3l.8 36.9 37.9 ~ 
MEAN MONTHLY/ANNUAL MAXIMUM 1881-1910 31.1 30.7 29.0 25.3 Ŀ20.9 17.4 16.6 18.6 21.8 25.0 26.1 29.4 32.5 m 
MEAN DAilY MAXIMUM 1881-1970 22.1 21.9 20.0 17.3 13.1 ILl 10.3 11.8 14.4 11.1 19.0 20.9 16.6 

N 
U1 

NORMA L 1931-1960 16.0 15.8 14.1 11.4 8. I 5.6 4.8 6.4 8.~ 10.9 12.8 14.8 10.8 I .... 
W MEAN DAllY MINIMUM 1881-1910 10.7 10.8 9.3 6.$ 4.0 1.1 1.2 2.2 4.2 6.2 1.6 9.6 6.2 

MEA~ MONTHLY/ANNUAL M1NIMUH 1881-1910 4.2 4.0 2.2 -0.3 -2.2 -3.9 -4.0 -3.3 -1.7 -0.3 1.3 3.2 -4.9 
LOWEST MINIMUM 1881-1970 0.1 0.3 -1.9 -4.4 -6.1 -7.3-11.6 -6.9 -7.2 -5.9 -2.7 -1.2 -11.6 

MEAN CAllY RANGE 1881-1970 11.4 11.1 10.; 10.5 9.7 9.4 9.1 9.6 10.2 10.9 11.4 11.3 10.4 

MEAN OAllY GRASS MJHIMU"" 1881-1910 1.9 1.9 6.4 3.6 0.9 -1.2 -1.6 -0.7 1.1 3.2 4.7 6.6 3.2 

DAYS WITH FROST 
GROU~D FROST AVERAGE 1881-1910 0.3 0.4 2.0 5.111.416.118.315.7. 9.9 5.5 2.5 1.0 89.4 
FROST I~ SCREEN &.VERAGE 1881-1910 0.1 1.0 4.6 9.7 I 1.4 7.8 3.2 1.1 0.3 39.2 

E.RTH TEMPERATURES (DEGREES Cl 
AvERAGE AT 0.10 MFTRES 1943-1910 17.3 16.6 14.2 11.1 1.5 4.6 3.9 5.1 1.~ 10.7 13.8 16.4 10.1 
AVERAGE AT 0.30 H'TRES 1943-1970 17.8 11.1 15.8 12.8 9.1 6.9 5.8 6.7 8.1 11.3 13.9 16.4 12.0 
AVEOAGE H 0.91 HETRES 1943-1970 16.1 16.7 15.7 13.9 11.4 9.0 7.4 7.5 8.1 10.6 11.6 14.8 12.0 

RELATIVE HUMIDITY (~> 
AVfRAGE AT 9 A.M. 1944-1910 65 66 15 80 84 84 85 82 74 68 64 65 74 

VAPOUR PRESSURE ("8S> 
AVERAGE AT 9 A.M. 1944-1970 13.0 13.1 12.9 11.1 9.2 1.3 1. I 8.0 9.0 10.1 11.0 12.2 10.3 



SUNSHINE. HOURS 
HIGHEST 'Q15-1970 294 238 270 185 190 HR 174 19, 225 250 no 278 2255 

AVERAGE 1935-1970 222 187 176 143 III 114 ,,9 '45 166 '9~ lO9 2'5 2016 
I OF POSSIBLE 1935-1970 48 48 46 44 42 43 42 46 48 49 48 46 1,1 

LOWEST 1935-1970 178 ,26 117 76 80 71 83 67 89 '42 135 "0 1683 

\oIINO 
DAILY WI~D RUN (KILOMETRES) 1964-1970 327 325 288 293 25' 222 2 )0 254 296 )23 )11 323 2H 

SPECIAl PIH/riIOfr04ffU 
AVERAGE NO. OF DAYS WITH SNOU 1881-1970 0.1 O. , 0.6 0.8 0.5 0.) n.l O. , 2.6 
Ave.AGE NO. OF DAYS WITH ~I,IL lAAI-1970 O. ) 0.1 0.2 0.1 0.3 0.5 n.6 0.5 0.6 0.5 G.4 0.) 4.4 
AVe'lAGE NO. OF DAYS WITH THUlriOÃR 188' -1970 0.7 0.3 0.2 0.1 0.1 O. , O. , 0.1 0.1 0.3 0.6 0.6 3.) 

N 
<J'i 
I ..... 

.j:>o 



25.3.4 List of Observing Stations within New Zealand 

Stati on Name Year Lati tude Longi tude Hei ght 
Number Observ a ti on 5 (m.a.s.l. ) 

fi rst recorded 

A42461 Cape Rei nga 1919 34 255 172 41E 191 
A53021 Kaitaia Airport 1948 35 04S 173 17E 80 
A53024 Aupouri Forest 1967 35 01S 173 12E 69 
A53292 Kerikeri Aerodrome 1977 35 16S 173 SSE 150 
A53354 Umawera 1978 35 19S 173 33E 50 
A53482 Kaikohe 1972 35 25S 173 49E 204 
A53541 Wai otemarama 1977 35 315 173 25E 229 
A53651 Waipoua Forest 1928 35 395 173 33E 88 
A53982 Dargavi 11 e 1943 35 575 173 50E 20 
A54201 Waitangi Forest 1962 35 15S 174 04E 55 
A54631 Gl enbervi e Forest 1947 35 395 174 21E 107 
A54733 Whangarei Ai rport 1937 35 465 174 22E 37 
A54734 Whangarei 1970 35 445 174 18E 29 
A54735 Whau Valley Dam 1970 35 42S 174 lSE 152 
A54840 Marsden Point 1969 35 50S 174 29E 3 
A54842 Marsden Power Stati on 1970 35 53S 174 28E 3 
A55911 Mokohi nau 1934 35 54S 175 07E 102 
A64251 Te Hana 1979 36 15S 174 30E 10 
A64282 Leigh 1966 36 165 174 48E 27 
A64463 Warkworth 1972 36 265 174 40E 72 
A64542 Oyster Point 1976 36 34S 174 26E 0 
A64741 Woodhill Forest 1948 36 45S 174 26E 30 
A64751 Riverhead Forest 1928 36 465 174 35E 28 
A64754 Kumeu 1978 36 475 174 31E 32 
A64761 Whenuapai 1943 36 47S 174 38E 26 
AM871 Albert Park, Auckland 1853 36 51S 174 46E 49 
A64878 Auckl and City 1962 36 515 174 46E 45 
A64971 Owai raka, Auckl and 1949 36 545 174 44E 41 
A65132 Port Fitzroy 1962 36 115 175 22E 4 
B65741 Coromandel 1978 36 45S 175 29E 43 
B65761 Whangapoua Forest 1961 36 46S 175 36E 4 
B75152 Thames 1957 37 08S 175 32E 3 
B 75182 rai rua Forest 1953 37 lOS 175 51E 3 
B75361 Paeroa 1914 37 23S 175 40E 4 
B75381 Wai hi 1898 37 23S 175 51E 91 
B75571 Te Aroha 1889 37 33S 175 43E 12 
875572 Mt Te Aroha TV Stati on 1966 37 325 175 45E 951 
875592 Katikati 1979 37 35S 175 S8E 2 
B76610 Tauranga Harbour 37 38S 176 11E 3 
876611 Tauranga 1970 37 41~i 176 10E 2 
B76621 TaL/ranga Airport 1898 37 40S 176 12E 4 
876835 Te Puke 1973 37 49S 176 19E 91 
876951 Rotoehu Forest 1938 37 54S 176 31E 72 
B76984 Edgecumbe 1970 37 59S 175 50E 5 
876993 Whakatane 1947 37 58S 176 57E 2 
876994 Whakatane ft.i rport 1974 37 55S 176 55E 6 
B77911 Port Ohape 1977 37 59S 177 07E 9 
B85285 Kinleith 1967 38 17S 175 53E 383 
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Station Name Year Latitude Longitude Height 
Number Observati ons (m.a.s.l. ) 

fi rst recorded 

885286 Tokoroa 1973 38 13S 175 52E 305 
886034 Tikitere 1977 38 04S 176 21E 338 
886071 Kawerau 1954 38 055 176 43E 30 
886083 Te Teko 1963 38 02S 176 49E 8 
886124 Whakarewarewa 1899 38 105 176 16E 307 
886131 Rotorua Ai rport 1963 38 07S 176 19E 287 
886161 Tarawera Forest 1962 38 085 176 39E 61 
886341 Waiotapu Forest 1901 38 19S 176 25E 435 
886403 Ati amuri Power 5tati on 1966 38 245 176 OlE 253 
886421 Purukohukohu 1970 38 26S 176 13E 631 
886451 Kai ngaroa Forest 1914 38 245 176 34E 544 
886471 Murupara 1932 38 275 176 42E 198 
886523 Ohaki Tower 1978 38 315 176 17E 351 
886533 8roadl ands 1975 38 335 176 19E 305 
886551 Wairapukao Forest 1932 38 325 176 34E 437 
886602 Taupo 1949 38 415 176 04E 376 
886611 Wai rakei Power 5tati on 1951 38 385 176 06E 342 
886612 Wai rakei Research Stati on 1961 38 37S 176 07E 402 
886671 Minginui Forest 1945 38 395 176 44E 366 
886702 Taupo Ai rport 1976 38 445 176 05E 407 
886821 Waimihi a Forest 1932 38 50S 176 16E 743 
887023 Opotiki 1913 38 005 177 17E 6 
887103 Waimana 1955 38 095 177 05E 37 
C64971 Mangere, Auckl and 1959 36 585 174 47E 4 
C64981 Otara, Auckl and 1952 36 575 174 52E 12 
C65921 Orere Point 1976 36 585 175 15E 30 
C74082 Auckl and Ai rport 1962 37 015 174 48E 8 
C74091 Ardmore 1944 37 025 174 58E 30 
C74282 Pukekohe 1969 37 125 174 525 82 
C74371 Mai oro Forest 1940 37 215 174 43E 52 
C74003 Hunua 1979 37 045 175 04E 122 
C75202 Mercer 1976 37 175 175 03E 35 
C75321 Maramarua Forest 1947 _ 37 185 175 15E 38 
C75412 Te Kauwhata 1959 37 255 175 08E 32 
C75731 Ruakura, Hamilton 1905 37 475 175 19E 40 
C75801 Whatawhata 1952 37 495 175 05E 104 
C75831 Rukuhi a 1946 37 505 175 18E 66 
C75832 Hamil ton Ai rport 1935 37 525 175 20E 50 
C75953 Cambridge 1975 37 555 175 30E 76 
C84173 Port Taharoa 1973 38 105 174 42E 27 
C84761 Mohakati no Stati on, Mokau 1931 38 435 174 37E 46 
C85061 Arapuni Power Stati on 1923 38 045 175 39E 123 
C85132 Waikeria 1977 38 055 175 23E 46 
C85314 Te Kuiti 1959 38 205 175 09E 61 
C85551 Pureora Forest 1947 38 315 175 33E 549 
C85821 Taumarunui 1913 38 525 175 16E 171 
C94002 Ornata 1970 39 055 174 OOE 61 
C94003 New Plymouth 1974 39 045 174 05E 55 
C94011 New Plymouth Airport 1944 39 015 174 11E 27 
C94025 Tikorangi 1979 39 025 174 17E 77 
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Stati on Name Year Latitude Longitude Height 
Number Obseryati ons (m.a.s.l.) 

fi rst recorded 

C94262 Te Wera Forest 1955 39 14S 174 36E 180 
C95022 Lower Retaruke 1966 39 04S 175 12E 223 
C95085 Turangi 1967 39 OOS 175 48E 366 
C95086 Tongari ro Pri son Farm 1974 39 025 175 51E 457 
C95251 Chateau, Mt Ruapehu 1929 39 12S 175 32Ã 1119 
005383 Ball antrae 1 WoodYi 11 e 1969 40 185 175 50E 347 
005384 Ba 11 antrae 2 WoodYi 11 e 1969 40 19S 175 50E 171 
005481 Mangamutu, Pahi atua 1892 40 27S 175 49E 116 
005765 Mt Bruce Reserve 1967 40 43S 175 38E 305 
005964 Wai ngawa, Masterton 1926 40 59S 175 37E 114 
006022 Kopua 1962 40 05S 176 17E 311 
006051 Waipukurau 1945 40 OOS 176 32E 137 
006212 Oannevirke 1961 40 13S 176 07Ã 207 
006921 Castl epoi nt 1902 40 54S 176 13E 3 
015062 East Taratahi 1972 41 01S 175 37Ã 91 
015063 Pakaraka 1978 41 OOS 175 41E 152 
015081 Ngaumu Forest 1948 41 02S 175 53Ã 244 
015134 Tauhereni kau, All oa 1963 41 07S 175 23E 43 
015163 Gl adstone, Arahura 1966 41 08S 175 38E 116 
015211 Wai orongomai 1928 41 16S 175 09E 21 
015631 Cape Pall iser 1930 41 37S 175 18E 10 
078751 East Cape 1916 37 42S 178 33Ã 17 
078931 Ruatoria 1960 37 54S 178 19E 61 
087284 Mangatu Forest 1963 38 17S 177 51E 182 
087661 Waerenga 0 Kuri 1948 38 41S 177 48Ã 314 
087683 Manutuke, Gi sborne 1945 38 41S 177 53Ã 9 
087692 Gisborne Airport 1937 38 40S 177 59E 4 
087811 Onepoto, Waikaremoana 1922 38 48S 177 07E 643 
087881 Wharerata Forest 1978 38 525 177 52E 439 
096272 Esk Forest 1950 39 15S 176 42Ã 427 
096444 Kaweka Forest 1967 39 26S 176 28Ã 414 
096481 Napier Airport 1950 39 28S 176 52Ã 2 
096490 Napier Harbour 39 29S 176 55E 3 
096591 Napier 1862 39 30S 176 55E 2 
096688 Hasti ngs 1965 39 39S 176 51Ã 12 
096689 Have lock North 1950 39 40S 176 53Ã 9 
096743 Gwavas Forest 1948 39 44S 176 27Ã 335 
096931 Makaretu 1967 39 57S 176 19Ã 335 
097004 Mohaka Forest 1967 39 04S 177 02E 286 
097042 Frasertown, Wai roa 1963 39 OOS 177 24Ã 8 
097043 Wai roa 1970 39 03S 177 25Ã 20 
097381 Portl and Isl and 1900 39 18S 177 52Ã 78 
Ã04891 Kapiti Isl and 1908 40 51S 174 56E 16 
Ã04991 Paraparaumu Aerodrome 1945 40 54S 174 59E 7 
Ã05221 Flockhouse, Bull s 1926 40 16S 175 17Ã 9 
E05231 Ohakea 1940 40 125 175 23E 4B 
Ã05282 Wharite Peak 1966 40 155 175 51Ã 914 
Ã05343 Kairanga, Palmerston North 1969 40 20S 175 28Ã 15 
Ã05361 Palmerston North Airport 1943 40 20S 175 37Ã 45 
Ã05363 Grasslands, Palmerston North 1928 40 235 175 37Ã 34 
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Stati on Name Year Lati tude Longi tude Height 
Number Observati ons (m.a.s.l. ) 

fi rst recorded 

E05365 Massey Uni versi ty 1961 40 23S 175 37E 61 
E05521 Waitarere Forest 1948 40 33S 175 12E 3 
[05622 Levi n 1895 40 395 175 16E 46 
E05901 Paraparaumu 1970 40 555 175 OlE 5 
E14185 Pori rua 1968 41 09S 174 51E 94 
E14192 Tai ta, Lower Hutt 1957 41 l1S 174 5UE 65 
E14195 Avalon, Lowe,' Hutt 1965 41 l1S 174 56E 15 
E14272 Kelburn, Wellington 1928 41 17S 174 46E 125 
El4285 Somes Island 1975 41 16S 174 52E 43 
E14290 Gracefield, Lower Hutt 1958 41 14S 174 5SE 34 
E14296 Wainuiomata 1970 41 17S 174 57E 82 
E14387 Well ington Ai rport 1960 41 20S 174 49E 6 
E 15011 Kai toke 1965 41 055 175 lIE 223 
E15102 Wa 11 acevill e 1924 41 08S 175 03E 56 
E93271 Cape Egmont 1930 39 175 173 45E 8 
E94313 Stratford Mtn House 1963 39 185 174 07E 846 
E94333 5tratford Oem Farm 1960 39 205 174 18E 311 
E94512 Manai a Oem Farm 1959 39 325 174 09E 98 
E94526 Normanby 1977 39 305 174 15E 122 
E94743 P a.tea 1968 39 455 174 28E 43 
E95351 Turoa, Mt Ruapehu 1977 39 185 175 32E 1628 
E95445 Ohakune Junction 1974 39 245 175 25E 629 
E95451 Kari oi 1927 39 295 175 31E 648 
Ã95464 .ai ouru 1959 39 28S 175 40E 823 
E95465 Wai ouru Mil i tary Camp 1966 39 285 175 41E 823 
E95683 Taihape 1970 39 415 175 48E 433 
E95783 Kah"i, Taihape 1971 39 42S 175 52E 518 
E95902 Wanganui 1872 39 56S' 175 03E 22 
~95903 Wanganui Airport 1970 39 58S 175 DIE 9 
F03501 Farewell Spit 1874 40 33S 173 DIE 3 
F03801 Totaranui 1976 40 495 173 ODE 10 
F1l694 Repo Basi n 41 38S 171 56E 315 
F1l696 Repo TO'Her Lower 1978 41 37S 171 55E 360 
F1l752 Westport Ai rport 1944 41 445 171 35E 2 
Fl2162 Cobb Dam 1946 41 06S 172 41E 823 
F12213 Arapito 1978 41 16S 172 10E 20 
Fl2214 Karamea 1978 41 15S 172 06E 5 
F12752 Lake Rotoroa 1978 41 47S 172 35E 443 
Fl2882 Lake Rotoi ti 1958 41 485 172 51E 634 
F20793 Hok iti ka /Ii rport 1963 42 43S 170 59E 39 
F21182 Reef ton 1960 42 07S 171 52E 198 
F21361 Totara Fl at 1946 42 18S 171 37E 77 
F21422 Greymouth 1947 42 28S 171 12E 4 
F21602 Waimea Forest 1978 42 40$ 171 05E 25 
F21S51 Oti ra Sub Stati on 1906 42 50S 171 34E 383 
F22311 Spri ngs Juncti on 1948 42 20S 172 lIE 421 
F30153 Hari Hari 1964 43 095 170 33E 45 
F30311 Franz Josef 1926 43 23S 170 llE 122 
F30402 Fox Glacier 1964 43 285 170 DIE 152 
F47691 Mi lford 50u"d 1929 44 40S 167 55E 3 

25-18 



5tati on Name Year Latitude Longitude Height 
Number Observati ons (m.a.s.l. ) 

fi rst recorded 

F66161 Puysegur Point 1880 46 095 166 37E 43 
G04601 5tephens Is1 and 1894 40 405 174 OOE 187 
G12191 Riwaka, Motueka 1939 41 065 172 58E 8 
G12382 Ta~awera 1978 41 235 172 48E 146 
G12581 Go den Downs Forest 1929 41 335 172 53E 274 
G13211 Appleby 1932 41 175 173 06E 17 
G13222 Ne1 son Airport 1941 41 175 173 14E 2 
G13251 Rai Vall ey 1951 41 145 173 35E 79 
G13301 Moutere Hi 11 s 1960 41 215 173 04E 101 
G13581 B1 enheim Ai rport 1941 41 315 173 52E 27 
G13592 B1 enheim 1927 41 315 173 57E 4 
G13595 Wi ther Hi 11 s, B1 enheim 1949 41 325 173 57E 32 
G13651 Wai hopai Power 5tati on 1930 41 405 173 34E 262 
G13772 B1 ack Bi rch 5ummi t 1975 41 455 173 47E 1962 
G13783 B1 ack Bi rch Range 1971 41 455 173 48E 1396 
G14501 Vernon Lagoons 1969 41 325 174 02E 2 
G14711 Lake Grassmere 1943 41 445 174 09E 2 
G14721 Cape Campbell 1873 41 445 174 17E 3 
G22581 Hanmer Forest 1905 42 315 172 51E 387 
G23021 Mol esworth 1944 42 055 173 16E 893 
G23471 Kai koura 1949 42 255 173 42E 99 
H21951 Arthurs Pass 1906 42 575 171 34E 738 
H22871 Ba1mora1 Forest 1921 42 525 172 45E 198 
H22962 Hawarden 1978 42 545 172 38E 244 
H23603 Wai au 1974 42 395 173 03E 137 
H30711 The Hermitage, Mt Cook 1901 43 445 170 06E 765 
H30941 Mt John 1962 43 595 170 28E 1027 
H31162 5ki Basin 1966 43 085 171 41E 1554 
H31172 Crai gieburn Forest 1964 43 095 171 43E 914 
H31352 Lake Col eri dge 1913 43 225 171 32E 364 
H31572 Hi ghbank Power Stati on 1953 43 355 171 44E 336 
H31593 Hororata 5ub 5tati on 1960 43 335 171 59E 192 
H31883 Winchmore 1947 43 485 171 48E 160 
H31927 Peel Forest 1973 43 545 171 16Ã 274 
H31971 Ashburton 1909 43 545 171 45E 101 
H32073 Waipara 1973 43 045 172 45E 64 
H32252 Ashl ey Forest 1941 43 155 172 35Ã 107 
H32352 Rangi ora 1965 43 195 172 34E 46 
H32412 Darfie1d 1919 43 295 172 08E 195 
H32424 Eyrewell Forest 1942 43 245 172 17E 158 
H32451 Chri stchurch Ai rport 1943 43 295 172 32E 30 
H32542 Temp1 eton 1977 43 335 172 28E 46 
H32561 Christchurch 1864 43 325 172 37E . 7 
H32573 Brom1 ey, Chri stchurch 1961 43 325 172 42E 9 
H32574 Mt P1 easant 1964 43 345 172 43E 137 
H32641 L i nco 1 n 1881 43 395 172 28E 11 
H32542 Broadfie1d, Lincoln 1972 43 385 172 28Ã 12 
H32893 Akaroa 1977 43 485 172 58E 3 
H40041 Lake Tekapo 1926 44 015 170 28E 683 
H40112 Lake Pukak i 1969 44 115 170 08E 556 
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5tati on Name Year Latitude Longi tude Hei ght 
Number Observati ons (m.a.s.l. ) 

fi rst recorded 

H40l83 Fai rl ie 1978 44 065 170 50E 304 
H40211 Twizel 1972 44 155 170 06E 457 
H40892 lkawai 1969 44 525 170 14E 70 
H41127 Geraldine 1974 44 065 171 14E 119 
H41131 Orari Estate 1897 44 08S 171 19E 81 
H41224 Temuka 1961 44 15S 171 17E 24 
H41323 Timaru Ai rport 1956 44 18S 171 14E 26 
H41411 Adair 1949 44 265 171 10E 85 
H41421 Timaru 1897 44 255 171 15E 17 
H41701 Waimate 1898 44 445 171 03E 61 
140742 Kurow 1979 44 44S 170 28E 207 
141901 Oamaru Ai rport 1942 44 58S 171 05E 30 
149591 Tara Hills, Omarama 1949 44 325 169 54E 488 
149621 Lake Hawea 1955 44 37S 169 15E 350 
149711 Wanaka 1930 44 42S 169 08E 296 
149822 Queensberry 1978 44 525 169 17E 277 
149932 Bendi go 1978 44 565 169 18E 200 
150012 Naseby Forest 1923 45 OlS 170 06E 610 
150084 Weston 1973 45 055 170 53E 92 
150113 Ranfurly 1975 45 08S 170 06E 427 
150272 Herbert Forest 1966 45 155 170 46E 61 
150471 Palmerston 1969 45 29S 170 43E 21 
150662 Cherry Farm Hospital 1961 45 375 170 37E 6 
150721 Hindon Farm 1967 45 455 170 12E 455 
150771 Ta; aroa Head 1935 45 475 170 44E 72 
150835 Invermay, Taieri 1976 45 52S 170 23E 30 
150901 Berwi ek Forest 1947 45 585 170 04E 18 
150921 Dunedi n Ai rport 1962 45 565 170 12E 1 
150951 Musselburgh, Dunedin 1918 45 545 170 31E 2 
157361 Takahe Vall ey 1972 45 185 167 41E 762 
157473 Te Anau 1963 45 255 167 44E 215 
157522 West Arm, Manapouri 1971 45 315 167 16E 232 
157751 Borl and Burn 1974 45 475 167 325 183 
158061 Queenstown 1871 45 025 168 40E 329 
158074 Queenstown Airport 1968 45 015 168 44E 349 
159012 C romwe 11 Sub 5 tati on 1976 45 045 169 llE 213 
159021 Cromwell 1949 45 025 169 12E 213 
159023 Northburn 1978 45 005 169 14E 210 
159133 Clyde Dam 1978 45 115 169 19E 160 
159161 Ophi r 1924 45 075 169 37E 305 
159162 Moa Creek 1913 45 l1S 169 39E 427 
159232 Earnsel eugh 1947 45 145 169 20E 152 
159234 Alexandra 1922 45 16S 169 23E 141 
159431 Roxburgh Power Stati on 9148 45 29S 169 19E 110 
159722 Moa Fl at 1936 45 46S 169 17E 410 
159891 Mahi nerang; Dam 1943 45 535 169 58E 396 
159921 Tapanu; 1897 45 57S 169 17E 226 
159941 Rankleburn Forest 1962 45 58S 169 26E 255 
160021 Taieri Mouth 1964 46 05S 170 12E 15 
168102 Otautau 1949 46 lOS 168 OOE 55 
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Stati on Name Year Latitude Longitude Hei ght 
Number Observati ons (m.a.s.l. ) 

fi rst recorded 

168133 Wi nton 1965 46 09S 168 20E 44 
168192 Gore 1971 46 07S 168 54E 123 
168252 Hokonui Forest 1935 46 13S 168 35E 46 
168362 Woodl ands 1971 46 22S 168 36E 47 
]68433 I nvercargi 11 Airport 1939 46 25S 168 20Ã 0 
168533 Tiwai Point, 81 uff 1970 46 35S 168 23Ã 5 
168913 Stewart! sl and 1975 46 545 168 08E 3 
169191 Mil ton 1929 46 07S 169 58E 18 
169273 Finegand, Balclutha 1964 46 16S 169 44Ã 6 
169464 Owaka 1975 46 27S 169 40E 5 
169481 Nugget Point 1930 46 27S 169 49E 129 
169544 Tautuku 1976 46 345 169 27Ã 61 
JOO026 Waitangi, Chatham Islands 1956 43 57S 176 34W 44 
JOOO28 Campbell Isl dnd 1949 52 33S 169 07E 15 
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11-8 
8-8 
18-6 
17-7 
17-8 
17-22 
2-4 

Facial eczema .ÅÅÅ.Å......ÅÅÅ.ÅÅÅ..ÅÅ.....ÅÅÅÅ.ÅÅÅ.ÅÅÅÅ....ÅÅÅ 20-60 
Fallow deer ...Å.Å.Å...Å.ÅÅ.ÅÅ...Å..ÅÅÅÅÅÅÅÅ..ÅÅ..ÅÅÅÅ....ÅÅÅ. 8-3 
Farm forestry, assessment of volume .ÅÅ..Å...ÅÅÅÅÅÅÅÅÅ....Å... 17-26 

, harvesting and sale ..ÅÅÅÅÅ..ÅÅ....ÅÅ.Å.Å..ÅÅÅÅ 17-24 
, land preparation ....ÅÅÅÅ.Å.ÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅ.. 17-8 
, pl anning Å..Å.ÅÅÅÅ.Å.ÅÅÅ..ÅÅÅ.Å....ÅÅ.ÅÅÅÅÅÅ.ÅÅ 17-3 
, planting ...................................... 17-9 
, protection ÅÅ.ÅÅÅ.ÅÅ.Å..Å.Å.Å.ÅÅÅÅÅÅ...Å.Å.Å..Å 17-22 
, pruning ....................................... 17-13 
, rel easing ..................................... 17-11 
, site factors .................................. 17-3 

9 



, species .Å..................................... 
, tending regimes .............................. . 
, thinning ...................Å.................. 
weed control ................................. . 

, yield .........Å.......................Å....... 
Feed requirements, beef cattle .......................Å....... 

, breeding ewes ............................ . 
, cattle .......Å..............Å............. 
, chickens .........Å...Å.................... 
, dairy cattle ....................... 11-13, 
, deer ..................................... . 
, goats ..Å...........Å.............Å........ 
, hoggets ..............Å.....Å......Å....... 
,lambs .....Å........Å..................... , 
, pi gs Å.ÅÅ..Å............................... 
, rabb i ts ......Å.ÅÅ...................Å..... 

Feed supply and demand tables .....Å......ÅÅ.................. 
Feeding scale, pigs Å..........................Å.............. 
Feijoas, production and management .........Å....Å............ 

, production statistics ........Å.ÅÅÅ......ÅÅ.......... 
Feral, deer .....Å..........Å...........................Å..... 

, goats ..Å....Å.......ÅÅÅÅ...Å..Å..............Å........ 
Fertiliser, costing ......................................... . 

, frequency and timing of application ............. . 
, requirements, for pasture .....Å...........ÅÅ..... 

, under i rri gati on .....Å............. 
Fescue, varieties ....Å.Å...Å.............Å.......ÅÅ.......... 
Field capacities of farm machinery .....Å..........Å.......... 
Field peas, marketing standards .....Å........................ 

, sack capacities .Å.Å.............Å........ÅÅ....Å. 
, sowing and harvesting ........................... . 

Fire fighting, allowance for water use ..........Å.....Å...... 
First generation seed ....................................... . 
Fishmeal, nutritive value of ...........................Å..... 
Flock, composition .....Å......................Å.............. 

, replacement (budgeting for) .....Å..Å.................. 
Flood irrigation, efficiency of application ................. . 
Fodder crops, effective crop root depth under irrigation .... . 

, livestock production from ..................... . 
Fodder radish, nutritive value of ........................... Ŀ 
Fodderbeet, effective crop root depth under irrigation ...... . 

, nutritive value of .............................. . 
, 1 i vestock requ i rements .......................... . 
, sowing and harvesting ........................... . 
varieties .........Å.............................. 

, weed control in ................................. . 
Footrot baths ...ÅÅ........................................... 
Forage crops, insect control in ..........Å................... 
Forage harvesting, hours per hectare ........................ . 
Force, units used in measurement ............................ . 
Forecasting, weather ........................................ . 
Forestry - (see Farm Forestry) 
Fronts and depressions ...................................... . 
Frost days ...Å............................................... 
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17-6 
17-11 
17-18 
20-20 
17-23 
11-10 
11-9 
11-10 
9-6 
11-19 
8-5 
7-7 
11-8 
11-8 
6-4 
10-3 
11. 21 
6-7 
15-45 
15-3 
8-3 
7-3 
18-16 
18-11 
18-10 
19-25 
12-14 
22-8 
13-8 
13-13 
13-5 
19-9 
12-7 
11-7 
2-9 
2-8 
19-18 
19-17 
11-3 
11-6 
19-17 
11-6 
11-23 
13-6 
13-4 
20-12 
21-17 
20-44 
22-12 
23-4 
25-4 

25-6 
25-10 



Fruit, effective crop root depths under irrigation .....Å.Å..Å 19-17 
, production and management .................Å..Å.....Å.. 15-9 
, production statistics ....................Å...Å..ÅÅ.ÅÅ. 15-3 

Fuel consumption, tractors .......Å.....ÅÅ.......ÅÅ........Å.. 22-5 

G 

Garden peas, marketing standards ....Å..Å...Å.Å.ÅÅ.Å.......... 
, sack capacities ................................ . 
, sowing and harvesting .......................... . 

Garden water consumption .....Å...Å..............Å...Å.......Å 
Garlic, area and production statistics .Å..Å...........Å..Å..Å 

, crop husbandry ........Å.....Å...Å.........ÅÅÅ.....ÅÅÅ 
Gates, use in sheepyard construction ....................... .. 
Geese, gestation period .....Å..Å......Å..ÅÅ.......Å......Å... 

, production ..........Å..Å.Å........................Å.ÅÅ 
Gestation periods .......................................... .. 
Gherkins, area and production statistics ................... .. 
Gley soils ...............ÅÅ......Å.Å..........ÅÅÅÅ.......ÅÅÅÅ 
Goats, age c1 asses .......ÅÅ........................Å..ÅÅÅÅ... 

, Angora ...............Å.Å....Å..ÅÅ.Å..Å...Å...Å.ÅÅÅ..ÅÅ 
, chevon production .................................... . 
, dairy breeds ....................Å..ÅÅ..Å.......ÅÅ.Å..Å 
, fencing ...............................Å.......Å.Å.Å... 
, gestation period ..............................Å..Å...Å 
, heart/pul se rate ............Å.ÅÅÅ........Å.Å.ÅÅÅÅ.ÅÅ.. 
Å identification ...................Å.ÅÅÅÅÅ......Å....... 
, management .............Å...................Å...Å..Å.ÅÅ 
, milk production .....................ÅÅ.ÅÅÅ.......Å.Å.. 
, mohai r production ................................... .. 
, mustering and handl ing ............................... . 
, nutri tiona 1 requi rements ..............ÅÅÅ............. 
, puberty ................Å...........ÅÅ...............Å. 
, rectal temperature ..............ÅÅ.................... 
, reproducti on ............................Å.Å....Å..ÅÅ.Å 
, respiration rate ......Å.....................Å......... 
, stocking rates ...................Å........Å........Å.Å 

Gooseberries, drainage requirements ......Å.............ÅÅÅ... 
, production and management ....ÅÅÅ.......Å....... 
, production statistics ...........Å.............. 

Gorse control Å..............................................Å 
Grab sampl ing, wool ................................Å......... 
Grain, livestock requirements ..........ÅÅ......Å...........Å. 

, nutritive value of ................................... . 
Å storage silos ........................Å.Å....Å......... 

Grapefruit, production and management ..............ÅÅ........ 
, production statistics ........................... . 

Grapes, effective crop root depth under irrigation ..Å........ 
, husbandry ........................................... . 
, producti on fi gures ............ " ............. " 15-3, 

Grass meal, nutritive value of ............................. .. 
Grass seed, weed control in ................................ .. 
Grasses, identification of .................................. . 
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13-10 
13-13 
13-5 
19-8 
14-3 
14-21 
21-13 
1-4 
9-9 
1-4 
14-3 
18-4 
1-7 
7-9 
7-3 
7-8 
7-3 
1-4 
1-3 
7-7 
7-4 
7-7 
7-9 
7-6 
7-7 
1-4 
1-3 
7-4 
1-3 
7-3 
18-26 
15-15 
15-7 
20-19 
3-18 
11-22 
11-7 
21-47 
15-21 
15-3 
19-17 
16-4 
16-3 
11-7 
20-8 
12-3 



Green beans, marketing standards ............................. 13-10 
, sowing and harvesting .Å.Å.Å..Å...Å....Å..Å..Å... 13-S 

(also see Beans) 
Greenfeed (winter), 1 ivestock requirements .......Å.Å.Å....... 

, nutri ti ve val ue of ...................... . 
, tractor hours for cultivation ...Å........ 

Gross and net application (irrigation) ...Å.Å...Å......Å...... 
Growth rate in beef cattle .................................. . 
Growth stage key for cereals ..Å...ÅÅ.....Å..Å.Å.......Å..Å... 

H 

Harrowing, tractor hours per hectare ....................... .. 
Harvesting equipment, working capacities of Å..........ÅÅ..... 
Hay, barns .................................................. . 

, feeding, livestock requirements Å..........ÅÅÅ.Å......... 
Å nutritive value ....................................... .. 

Hazel nuts, product; on and management ........................ . 
Heart/pulse rates in livestock ....Å.....Å..Å.....ÅÅ.Å...ÅÅ.Å. 
Heifers, replacements .Å...................................... 
Herbage, varieties and characteristics ..................... .. 
Herbage seeds, certification of ÅÅÅ.Å.Å.ÅÅ...............ÅÅ... 
Herbicide recommendations ....Å..........Å............Å.Å.Å... 
Herringbone dairy sheds ...ÅÅ...Å.Å..Å...Å.............ÅÅ.Å..Å 
Hi gh pressure ri dges ....Å.Å.Å...Å.Å. '" Å..Å.....Å.Å....Å.Å... 
Hinds, reproductive data ...Å....Å.Å..ÅÅÅ.ÅÅ...Å.Å............ 
Hoggets, feed requirements ....ÅÅ.Å.........Å.Å............... 
Home kill i ng of sheep .Å.Å.ÅÅÅÅ.Å..........Å.Å...ÅÅ...Å.....Å. 
Hops, marketing ...Å.ÅÅÅ.Å...Å...ÅÅ.Å...Å......ÅÅÅ.ÅÅ..Å..Å.Å. 

, p roduc t ion Å..Å.Å........Å.ÅÅ....Å......ÅÅ.Å.......ÅÅ... 
Horsepower, defi ni ti on .ÅÅ...........Å...Å.Å...Å.Å.Å.Å.Å...Å.Å 
Horses, age cl asses ......Å...Å..Å.Å.........Å....Å..Å.Å..Å... 

, daily water requirement ..Å.....Å.......Å........Å.Å.. 
, determi nati on of age ..........Å.Å......Å...Å.Å.Å...Å. 
, gestation period Å..............Å..................... 
, heart/pulse rate .Å...............ÅÅÅÅ.....Å......ÅÅ.. 
, oestrus .Å.........Å.........Å................Å....... 
, puberty ..........Å..ÅÅ...............Å...ÅÅ..Å......Å 
, rectal temperature ..Å......................Å......... 
, respiration rate ...Å....Å........ÅÅÅÅ...............Å 
, stock units ....................................Å..... 

Humidity ....Å.........Å..Å......Å........Å................... 
Hydatids regulations ........................................ . 

Identification of grasses and clovers ................Å..Å.... 
Insect control .....................Å......................... 
Insulators, electric fencing .....Å.....Å..................... 
Interzonal soils .............Å......................Å.. 18-4, 
Intestinal coccidiosis ............................Å.......... 
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11-24 
l1-S 
22-11 
19-17 
4-S 
20-S2 

22-12 
22-8 
21-46 
11-21 
11-4 
IS-S8 
1-3 
S-13 
12-8 
12-7 
20-4 
21-44 
2S-7 
8-4 
11-8 
2-8 
16-6 
16-6 
24-3 
1-7 
19-7 
I-S 
1-4 
1-3 
1-8 
1-4 
1-3 
1-3 
1-9 
2S-11 
2-8 

12-3 
20-38 
21-49 
18-S 
9-10 



Irrigation, comparison of systems ............................ 19-32 
, effective crop root depths ..Å.................ÅÅ. 19-17 
, factors affecting costs of Å.Å.ÅÅ......Å.......... 19-12 
, fertil iser requirements under ..........Å.ÅÅ...... 19-25 
, frequency of application ....................ÅÅ... 19-13 
, measu rement ÅÅ...Å............................... , 19-3 
, pump characteristics Å.......Å.................Å.. 19-25 
, spray systems Å.Å..Å..Å.........ÅÅ..ÅÅ..Å...Å.Å.Å. 19-31 
, sprinkler design data ........ÅÅ.......Å........ÅÅ 19-14 
, trickle .......................................... 19ĿĿ20 

Irrigators, travelling .....Å........Å.Å...Å.................. 19-33 
, sprinkler design data .ÅÅ.ÅÅÅ.Å..ÅÅ.Å......Å.....Å 19-14 

Ital ian ryegrass, characteristics of. .......Å..Å.Å........... 12-9 
, sack capacities Å.Å...ÅÅ.Å............Å....Å 13-13 

K 

Kale, livestock requirements .........ÅÅÅ..........Å.......... 11-23 
, nutritive value of Å...Å......................Å......... 11-6 
, sowing and harvesting ........ÅÅ.......Å................ 13-6 
, varieties ...Å..Å............................ÅÅ.ÅÅ.ÅÅ... 13-4 

Kiwifruit, effective crop root depth under irrigation .....Å.. 19-17 
, producti on and management. ........................ 15-23 
, production statistics ......Å.............Å..Å..ÅÅ. 15-3 

Kumera, area and production statistics ........Å.Å........Å... 14-3 
, crop husbandry ...Å....ÅÅ..Å...ÅÅ..........ÅÅ......... 14-22 
, effective crop root depth under irrigation .......Å.ÅÅ 19-17 
, varieties ............Å....ÅÅ.......ÅÅÅÅ.Å.Å.......... 14-6 

L 

Labour units on various farm types .......................... . 
Lambing percentage, methods of calculating Å.Å...ÅÅÅ.ÅÅ.Å....Å 

, on various farm types ......ÅÅÅÅ.Å.ÅÅÅ.ÅÅ. 
Lambs, feed requirements .ÅÅÅ..ÅÅÅÅÅÅÅ.ÅÅÅ.Å...ÅÅ.Å.....Å..ÅÅÅ 
Leeks, area and production statistics Å...ÅÅ.Å.ÅÅÅÅÅÅÅ.ÅÅÅÅÅÅ. 

, cro~ h~sbandry ..Å..Å..ÅÅÅÅÅÅÅÅ.ÅÅÅÅÅÅÅÅÅÅÅÅ....Å...ÅÅÅ 
, varletles ...ÅÅ.........ÅÅÅ.ÅÅ.ÅÅ..........Å..ÅÅÅÅÅÅÅ.Å 

Lemons, production and management .......................... .. 
, production statistics Å...ÅÅÅ....ÅÅÅÅÅÅÅÅ.ÅÅÅÅÅ......Å 

Length, metric conversion ......Å...ÅÅÅ....ÅÅÅ...ÅÅÅÅ....ÅÅ... 
, units used in measurement ..Å............Å.......Å.... 

Lettuces, area and production statistics ......Å...ÅÅ..ÅÅÅ.Å.. 
, crop husbandry ........Å.Å.....................Å.... 
, effective crop root depth under irrigation ÅÅÅ.Å.... 
, varieties ......Å...ÅÅ...Å...............Å.......... 

Leucosis coccidiosis ..Å.Å....Å.ÅÅ....Å.Å..Å.Å..Å.......Å..... 
Lime, requirement for pastures ..ÅÅ.ÅÅ..Å.....Å.....Å.. 18-10, 
Linseed, cake, nutritive value of ...ÅÅ.Å...Å.Å...Å..Å.Å...ÅÅ. 

, sack capaci ti es .Å....ÅÅ...ÅÅÅ....................ÅÅ. 
, weed control in ..Å.........................Å.Å.Å.... 

Lithosols .....Å...............Å.......Å..........Å..Å....ÅÅ.. 
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2-5 
2-7 
2-5 
11-8 
14-3 
14-23 
14-6 
15-23 
15-3 
23-7 
23-3 
14-3 
14-24 
19-17 
14-7 
9-10 
18-18 
11-7 
13-13 
20-13 
18-4 



Livestock, dry matter requirements .......................... . 
, pest control ..................................... . 
, production from pasture and fodder crops ......... . 

Log volume table ............................................ . 
Loganberries, production statistics ..............Å........... 
Lotus, Maku ..Å..........Å.........Å..Å................ 12-17, 
Low pressu re troughs ....Å...Å................................ 
Lucerne, disease control in .........Å..............Å......... 

, effective crop root depth under irrigation ......... . 
, hay, livestock requirements ........Å................ 

, nutritive value of ............................ . 
, meal, nutritive value of ........................... . 
, nutritive value of ................................ .. 
, sack capacities ..ÅÅ..Å..Å..Å........................ 
, seed treatment ....Å......Å.......................... 
Å sow1ng.and harvesting ................Å.............. 
, varletles Å........Å................................. 
, weed control in .................................... . 

Lungworm in deer Å.Å.....................Å............ÅÅ...... 
Lupins, nutritive value of .....................Å............Å 

, sack capacities ..................................... . 
, sowing and harvesting ............................... . 
, varieties ..................ÅÅ........................ 

M 

Macadamia, production and management .ÅÅ........Å............. 
, production statistics .......................Å..... 

Machi nery, farm ...........ÅÅ......Å..Å...........Å........Å.. 
Macrocapa, characteristics ..Å......................Å......... 

, rotation length .Å.................Å...Å..Å.Å.ÅÅ... 
Maintenance feed requirements of livestock ...........Å.Å..... 
Maize, disease control in ............................Å....... 

, drainage requirements ÅÅÅÅÅ.Å.Å..Å......Å..........ÅÅ.. 
, effective crop root depth under irrigation .......Å.... 
, nutritive val ue ..ÅÅÅÅ...ÅÅÅ..Å....Å.Å..ÅÅ....Å..Å..... 
, sowing and harvesting ..ÅÅÅÅ........................... 
, varieties ............................................ . 
, weed control Å...ÅÅ.......ÅÅ...Å....................... 

Malignant catarrhal fever ...Å.ÅÅ.ÅÅÅÅÅ.ÅÅ..Å................. 
Mandarins, production and management ..........Å.............. 

, production statistics ............................ . 
Mangolds, nutritive value ................................... . 

, weed control in ................................... . 
Mareks disease Å.........Å...............................Å.... 
Market garden vegetable production statistics ......Å.Å....... 
Marrows, area and production statistics ..................Å... 

, crop husbandry ..ÅÅ..Å................ÅÅ............. 
Mass, metri c convers; on ....Å.Å....Å..Å....................... 

, units used in measurement ............................ .. 
Meadow hay, livestock requirements ..........Å.........Å...... 

, nutritive value of ............................. .. 
Measurement of water flow ................................... . 
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11-10 
20-45 
11-3 
17-29 
15-7 
13-4 
25-6 
20-60 
19-17 
11-21 
11-4 
11-7 
11-4 
13-13 
20-60 
13-6 
13-4 
20-9 
8-9 
11-6 
13-13 
13-5 
13-3 

15-60 
15-3 
21-3 
17-6 
17-8 
11-25 
20-54 
18-24 
19-17 
11-6 
13-5 
13-3 
20-7 
8-8 
15-25 
15-3 
11-6 
20-12 
9-10 
14-3 
14-3 
14-25 
23-8 
23-4 
11-21 
11-4 
19-3 



Meat, meal, nutritive value of ....Å.Å......Å............Å.... 
, production, per hectare on various farm types .Å........ 

, poul try ........................Å..........Å 
Metabolizable energy (M.E.) .................Å...............Å 
Metero 1 ogi ca 1 data .........................Å..Å........Å..... 

~-'~'etric conversion tables ................................... .. 
Metri c measurement system ...Å............Å...Å..Å............ 
Micron measurement of wool fibre ..............Å......Å.ÅÅ.... 
Mi 1 k, composi ti on Å.Å.Å.ÅÅ...Å..Å.Å.ÅÅÅÅ...ÅÅÅ.ÅÅ.Å..ÅÅÅÅ..ÅÅ. 

, consumpti on Å......Å............Å..Å.....Å.....ÅÅ....... 
, measurement ................Å..........................Å 
, payment for ...Å.....Å....Å.........ÅÅ.....Å..Å......... 
, processed by dairy factories ..... " ............... " ... 
, product yie1 ds ........................Å......Å........Å 

Milk flow process chart ............Å..Å...................... 
Milkfat production ...........Å.ÅÅÅÅ..Å.............Å...ÅÅ.... 
Milking machines, electricity consumption ..............Å..... 
Millet, effective crop root depth under irrigation .ÅÅ..Å..... 
Mohai r production ........................................... . 
Molasses, nutritive value of .......................... , Å... ,. 
Monthly animal feed supply and demand tables .....Å...ÅÅ....Å. 
Moose ...........................Å.Å..Å.Å.ÅÅÅ......Å.......... 
Mortality in sheep flocks ..........Å.....Å...Å.Å.....Å....... 
i~otors, work i n9 1 i fe of ...ÅÅ....ÅÅ..Å....ÅÅÅÅÅ..Å..Å.Å....... 

N 

Nectar; nes, producti on and management .ÅÅ..Å.........Å..ÅÅ.ÅÅ. 
, producti on stat; sti cs .Å.ÅÅÅÅÅ.......Å..Å.ÅÅÅ. , .Å. 

Net available water (irrigation) ............................ . 
Net and gross application (irrigation) ...........ÅÅ.Å.....Å.. 
New Zealand Domestic Rabbit Council ÅÅ.Å............Å.....ÅÅ.Å 
New Zealand Wool Board ....Å.....Å..................Å.ÅÅ...ÅÅ. 
Nodding thistle ............................................. . 
Noxious plant control ........Å...Å.Å...ÅÅÅ.Å.Å.Å.Å...ÅÅ...Å.. 
Nucl eus seed Å.....Å...............ÅÅ..Å....Å.............Å... 
Nutrient levels in N.Z. feedstuffs Å.....Å..Å..ÅÅÅ....ÅÅÅ....Å 
Nutri ti on of pi gs .........Å................Å..Å....Å..ÅÅ.ÅÅ.. 
Nutritive value of forages ..Å.................Å..ÅÅÅ...ÅÅÅÅ.. 
Nuts, production and management ......Å.Å...ÅÅ....Å.Å...ÅÅ.ÅÅ. 

, production statistics .................ÅÅ.Å............Å 

o 

11-7 
2-5 
9-8 
11-8 
25-3 
23-6 
23-3 
3-4 
5-6 
5-5 
5-5 
5-8 
5-5 
5-6 
5-16 
5-7 
24Ŀ-4 
19-Ŀ17 
7-9 
11-7 
11-21 
8-3 
2-7 
19-34 

15-37 
15-3 
19-13 
19-17 
10-6 
3-5 
20-19 
20-18Ŀ 
12-7 
6-5 
6-4 
11-4 
15-54 
15-3 

Oat hay, nutritive value of .............ÅÅÅ.Å.Å.............. 11-4 
Oat straw, nutritive value of ..Å.......ÅÅ.........ÅÅ...Å...ÅÅ 11-5 
Oats, disease control in .....Å........ÅÅ.Å.............ÅÅ..ÅÅ 20-54 

, effective crop root depth under irrigation Å..Å.Å......Å 19-17 
, marketing standards ..........Å...Å..Å........Å......... 13-8 
, nutritive value of ..Å.........Å...Å........Å..........Å 11-6 
, sack capacities .....Å..............Å.........Å...ÅÅÅ..Å 13-13 
, sowing and harvesting ....Å........................Å...Å 13-5 

15 



, varieties .......................Å.Å.................... 
, weed control in ...................................... .. 

Occl uded front ............................................Å.. 
Oestrus cycles in livestock ..Å..............Å....Å.....Å..... 
Ohms, definition ............................................ . 
Oil consumption, tractors ......Å................Å............ 
Oil seed rape, weed control in .........Å.......Å............. 
Onions, area and production statistics .Å...Å..ÅÅ......Å...... 

, crop husbandry ...................................... . 
, eff~ct~ve crop root depth under irrigation ÅÅ......ÅÅ. 
, Varletles ...............Å.....Å..Å.........Å......... 

Oranges, production and management ..........Å..Å........ÅÅ..Å 
, production statistics ..Å.....ÅÅÅ........ÅÅ........ ,. 

Orchards, production statistics ........Å.......ÅÅ........Å... 
, weed control in ................................... . 

Organic soils, water holding capacity ....ÅÅÅ.........ÅÅ.....Å 

p 

Parsnips, area and production statistics ....Å.....Å.......... 
, crop husbandry Å...Å..............Å..Å.............. 
, effective crop root depth under irrigation ....Å.Å.. 
, sen~it~vity to soil conditions Å....Å.....Å.....Å... 
, vanetles .....Å..............Å..................... 

Paspalum (Raku) ...........................Å.......Å.......... 
Passionfruit, effective crop root depth under irrigation ..... 

, production and management .....ÅÅ......ÅÅ....... 
, production statistics ........................ .. 

Pasture, disease control in ................................. . 
, drainage requirements Å................Å............. 
, effective crop root depth under irrigation ....Å..... 
, feed demands for ÅÅ.ÅÅÅ..ÅÅÅÅ.Å.........Å.Å... 11-22, 
, insect control in ................................. .. 
, livestock production from ..Å..............Å.....Å... 
, nutritive value of ................................. . 
, product; on patterns ....Å..Å..Å.................Å.... 
, sensitivity to soil conditions ......ÅÅÅ.......ÅÅÅ... 
, species .ÅÅ.Å.........ÅÅ.....Å..........Å.ÅÅ.......Å. 
, utilisation ..........ÅÅ.Å.......ÅÅÅ...Å...Å.......Å. 
, weed control in ..ÅÅ..............ÅÅ................. 
, yields .Å............Å............ÅÅÅ.Å..Å...Å.ÅÅÅ... 

Peaches, effective crop root depth under irrigation ......... . 
, production and management ........Å.Å...........Å.Å.. 
, production statistics ...........................Å... 

Pea straw, nutritive value of Å..............Å................ 
Pears, effective crop root depth under irrigation ......ÅÅ.... 

, production and management ............................ . 
, production statistics ................................ . 

Peas, area and production statistics ......Å....Å.......Å..... 
, crop hU5 bandry ........Å..............ÅÅ.........Å..Å... 
, disease control in ............................... ĿĿ .. .. 
, drainage requirement .................................. . 
, effective crop root depth under irrigation ............Å 
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13-3 
20-5 
25-4 
1-8 
24-3 
22-5 
20-6 
14-3 
14-26 
19-17 
14-7 
15-27 
15-3 
15-3 
20-21 
19-15 

14-3 
14-27 
19-17 
18-20 
14-7 
12-13 
19-17 
15-49 
15-3 
20-60 
18-24 
19-17 
11-26 
20-46 
11-3 
11-4 
12-18 
18-22 
12-8 
12-18 
20-16 
12-21 
19-17 
15-37 
15-3 
11-5 
19-17 
15-35 
15-3 
14-3 
14-28 
20-59 
18-24 
19-17 



, marketing standards ................................... . 
, nutritive value ....................................... Ŀ 
, sack capacities ....................................... . 
, sensitivity to soil conditions ........................ . 
, sowing and harvesting ......................Å........... 
, tractor hours for cultivation ................Å......... 
, varieties .....Å.................................. 13-3, 
, weed control in ..............Å....Å........Å.......... Ŀ 

Pecans, production and management ........................... . 
, production statistics ............................... . 

Peppers (see Capsicum) 
Perennial ryegrass, varieties ............................... . 
Pest control ................................................ . 
Pheasant product; on .Å......... " ................Å " ......... . 
Phl ari s (t~aru) ............................................. .. 

, sack capacities .............................. . 
Pigeons, gestation period ...........Å........................ 
Piggeries, water use ..........Å..Å..............Å............ 
Piglet survival Å...................Å.Å........................ 
Pigs, age classes ........................................Å... 

, dai ly water requi rements .Å...........Å.Å............... 
, distribution in New Zealand ................Å........... 
, feeding scale ..........Å.....Å.Å..Å...Å...Å........Å... 
, gestation period .........................Å.......Å..... 
, heart/pul se rate ..........................Å...........Å 
, 1 i tters per year ..................Å..............Å..... 
, numbers sl aughtered .......................Å..........Å. 
, nutrition ..........................................Å... 
, oestrus ...................................Å........Å.. Ŀ 
, production statistics ................................. . 
, puberty .......Å.Å...Å.....Å.............Å..Å.....Å..... 
, rectal temperature .....Å............................... 
, respiration rate ............Å.ÅÅ...........Å.Å......... 
, weaning figures ..Å..................................... 

Pinus, rota ti on 1 ength ................Å.Å.............Å...... 
, species characteristics .........................Å..... 

Pip and stone fruit, insect control in ...................... . 
, producti on and management. ............. . 
, production statistics ............Å...... 

Plums, effective crop root depth under irrigation ..Å......... 
, production and management .Å................Å.......... 
, producti on stati sti cs ................................ . 

Podzol s .....Å..Å...................Å......Å.................. 
, ferti 1 i ser requi rements .........................Å... 
, water holding capacity ............................ .. 

Pollard, nutritive value of ................................. . 
Poplar, nutritive value of ................................. .. 
Potatoes, crop husbandry ........Å............................ 

, disease control in ............................... .. 
, drainage requirements .....Å........................ 
, effective crop root depth under irrigation ........ . 
, marketing standards ............................... . 
, nutritive value of ................................ . 
, pre-harvest dessication ........................Å... 
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13-8 
11-6 
13-13 
18-20 
13-5 
22-10 
14-7 
20-11 
15-62 
15-3 

12-8 
20-3 
q-9 
12-12 
13-13 
1-4 
19-8 
6-8 
1-7 
19-7 
6-3 
6-7 
1-4 
1-3 
6-4 
6-3 
6-4 
1-8 
6-3 
1-4 
1-3 
1-3 
6-4 
17-8 
17-6 
20-42 
15-29 
6-3 
19-17 
15-41 
15-3 
18-3 
18-12 
19-15 
11-7 
11-5 
14-29 
20-58 
18-24 
19-17 
13-11 
11-6 
20-14 



, production statistics ............................. " 
, sack capacities ................................... . 
, sensitivity to soil conditions .........Å........... 
, sowing and harvesting ...........Å.................. 
, varieties .................................... 13ĿĿ3, 
, weed control in ................................... . 

Poultry, daily water requirements ........................... . 
, disease and control ................................ . 
, Enti tl ement .....Å................................... 
, husbandry and management Å.....................ÅÅ.... 
, mi tes .............................................. . 
, population and distribution ........................ . 
, statistics ..............................Å........... 

Power harrows, hours per hectare ............................ . 
Power terms for farm mac hi nery Å.............................. 
Pra; re grass (Matua) ...Å........Å............................ 
Pressure, metric conversion ................................. . 

, units used in measurement ......................Å... 
, vapour ...................................Å......... 

Private treaty, sale of beef ............................... .. 
, wool buying ................................. . 

Process crop residues, nutritive value of ................... . 
Prognosti c charts ........................................... . 
P rote; n concentrates, nutriti ve value of .................... . 
Pruning, farm forestry ...................Å................... 
Puberty in domestic animals ................................ .. 
Pulse crops, nutritive value of ............Å........Å........ 
Pulse rates in livestock Å...................Å.Å.......Å.Å.... 
Pumpkins, area and production statistics .............Å..Å.... 

, crop husbandry ........Å............ÅÅ.............. 
, effective crop root depth under irrigation ........ . 
, nutritive value of ................................ . 
, varieties .........Å.....................Å.......... 

Pumps, characteristics ..Å....Å.............Å.....Å....Å.....Å 
, efficiency .......Å...Å..................Å............. 
, for sprinkler irrigation .....Å...ÅÅ.Å..........Å...... 
, selection of .........Å................Å....Å.......Å.. 
, working 1 ife Å......Å..Å.......Å...................Å... 

Q 

14-4 
13-13 
18-20 
13-5 
14-7 
20-13 
19-7 
9-10 
9-3 
9-6 
9-11 
9-3 
9-3 
22-12 
22-3 
12-12 
23-9 
23-4 
25-11 
4-6 
3-27 
11-6 
25-7 
11-7 
17-13 
1-4 
11-6 
1-3 
14-3 
14-30 
19-17 
11-6 
14-8 
19-25 
19-29 
19-31 
19-30 
19-34 

Quality number (wool) ........................................ 3-5 
Quota system (town milk supply) Å.........Å.......Å..........Å 5-7 

R 

Rabbits, age classes .................Å....................... 
, breeding ........................................... . 
, breeds ...........................................Å.. 
, disease ............................................ . 
, fur .Å..........................................Å.Å.. 
, gestation period .......................Å....... 1-4, 

18 

1-7 
10-4 
10-3 
10-10 
10-5 
10-4 



, housing ............................................ . 
, meat ............................................... . 
, nutrition and feeding ............................. .. 
, production parameters .............Å................. 
, wean; ng ............................................ . 

Radiata pine, log volume table .............................. . 
, species characteristics ....................... . 
, thinning ........Å.............................. 
, tree volume table ............................. . 
Å yield ........................Å......Å.......... 

Radi shes. crop husbandry .................................... . 
, effective crop root depth under irrigation ......Å.. 
, varieties ......................................... . 

Ra i nfa 11, data......................................... 25-3, 
, measurement Å....................................... 

Ram replacement, budgeting for .....................Å......... 
Rape, effective crop root depth under irrigation ............ . 

, livestock requirements ....Å............................ 
, nutritive value of ................................... .. 
, sowing and harvesting ................................. . 
, varieties ............................................. . 

Raspberries, drainage requirements ......Å...........Å........ 
, production and management ...................... . 
, production statistics .......................... . 

Rearing of chicks ................Å........................... 
Recommendations for fertiliser application ................. .. 
Red beet (see Beetroot) 
Red clover, Hamua .........Å...Å..........................Å... 

, hay, nutritive value of ......................... . 
nutritive value of .............................. . 

, Pawera .........................Å................. 
, sowing and harvesting ........Å.....Å............. 
, Turoa ..........................Å.Å..............Å 
, varieties of ......Å.............................. 

Red currants, production statistics .....Å..................Å. 
Regozol s .......................................Å............. 
Relative humidity ...........Å.....Å.......................... 
Rendzinas ........Å..................Å........................ 
Replacement rate in beef herds .............................. . 
Respiration rates in livestock .............................. . 
Respiratory diseases, chickens Å.....................Å........ 

, rabbits .............Å.................. 
Rhubarb, area and production statistics ......... ............ . 

, crop husbandry ..................ÅÅ.................. 
, varieties ..........................................Å 

Rice, effective crop root depth under irrigation ............ . 
Rock melons, area and production statistics ................. . 

, effective crop root depth under irrigation ..... . 
Root crops, livestock requirements .......................... . 
Root depths, effective under irrigation ..................... . 
Root zone of crops ...Å....................Å.................. 
Rusa deer .................................Å.................. 

19 

10-3 
10-5 
10-3 
10-5 
10-4 
17-29 
17-6 
17-21 
17-28 
17-24 
14-31 
19-17 
14-8 
25-8 
23-13 
2-8 
19-17 
11-24 
11-6 
13-5 
13-3 
18-26 
15-17 
15-7 
9-6 
18-10 

12-16 
11-4 
11-4 
12-16 
13-6 
12-15 
13-4 
15-7 
18-4 
25-11 
18-4 
4-4 
1-3 
9-10 
10-5 
14-3 
14-33 
14-8 
19-17 
14-3 
19-17 
11-22 
19-17 
19-16 
8-3 



Ryecorn, sowing and harvesting ............................... 13-5 
, varieties ........................................... 13-3 
, weed control in Å...............Å.................... 20-5 

Ryegrass, Ariki ......Å...............ÅÅ...........Å.......... 12-8 
, characteristics .................................... 12-8 
, Manawa ...................................Å........Å 12-8 
, Moata ........Å...................Å......Å.......... 12-10 
, Nui ...................Å............................ 12-10 
, Paroa .....Å...Å...........Å........................ 12-9 
, Ruanui ...................Å...Å........Å...Å..Å..... 12-9 
, sowing and harvesting ........................Å..... 13-6 
, straw, nutritive value of ....................Å..... 11-5 
, Tama ........................................Å...... 12-10 
, varieties ....................Å......Å........Å..... 13-4 

Ryegrass/white clover pasture, nutritive value of ..Å......... 11-5 

S 

Sack capacities ...Å.Å..............................Å......Å.. 
Sambar deer ......Å..............ÅÅ.Å.......ÅÅ..Å........Å.... 
Sampl ing and testing of wool ............................... .. 
Second genera ti on seed ............ÅÅÅ......Å..Å.Å............ 
Seed-borne diseases ..........................Å............Å.. 
Seed crops, insect control in ....................Å.Å......Å.. 
Shearing ..ÅÅ.....................................Å...Å....... 
Shearing sheds (see Woolshedsl 
Sheep, age cl asses .............Å...................Å......... 

, daily water requirements Å........Å.......Å....Å..Å.... 
, determining the age of Å...Å....................Å...... 
, dip, water use ...................Å.........ÅÅÅ......Å. 
, energy and feed requirements Å........Å..........Å...ÅÅ 
, gestation period ..................................... . 
, heart/pul se rate ................Å..ÅÅ......Å.......... 
, oestrus ......Å.......ÅÅ..Å.Å...ÅÅÅ...Å........ÅÅÅ..ÅÅ. 
, puberty ........Å...Å.......................Å.......... 
, reconciliation .........ÅÅ.......Å............Å.. 2-11, 
, rectal temperature Å..Å........................Å.....Å. 
, respi ra ti on rate ...................Å........ÅÅÅ.ÅÅ.ÅÅÅ 
, statistics ........................................... . 
, stock un its .Å........Å......Å..Å....ÅÅ..........Å...Å. 
, yards ..Å.............................................. 

, circular ........Å..Å...ÅÅ......Å...Å...Å...... , 
, constructi on of ............................... . 
, covered Å.....Å..Å........Å..................... 
, pl ans of. ...Å.....................Å.....Å...... 
, semi circular .....Å...ÅÅ..Å...Å.....Å....Å..ÅÅ. 

Shelter belts, weed control in ....Å.......Å..............Å... 
S. I. measurement system ...........Å.Å..Å..ÅÅ.....Å.......Å..Å 
Sika deer .....Å.............Å...Å.Å..ÅÅ....Å.Å..ÅÅ.......Å... 
Silage, nutritive value of ............Å....Å....Å..........Å. 

, 1 i vestock requi rements .... , ....Å..................... 
Silos .........Å.............Å.Å......................Å..ÅÅ.. , 
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13-13 
8-3 
3-18 
12-7 
20-54 
20-44 
3-3 

1-7 
19-7 
1-6 
19-9 
11-8 
1-4 
1-3 
1-8 
1-4 
2-15 
1-3 
1-3 
2-3 
1-8 
21-3 
21-18 
21-6 
21-23 
21-9 
21-22 
20-20 
23-3 
8-3 
11-4 
11-24 
21-17 



Silver beet, area and production statistics ................. . 
, crop husbandry ................................. . 
, effective crop root depth under irrigation ..... . 
, varieties .Å......ÅÅ............................. 

Skim milk powder, nutritive value of ........................ . 
, p roduc ti on ......ÅÅ.............Å.Å......... 

Skirting of fleeces ....................Å..................... 
Soil, Bureau .........................Å.Å...Å..Å....Å..Å.....Å 

, fertility ............Å................................. 
, mapping ............................................Å... 
, maximum water application on various types of ......... . 
, of New Zeal and ......Å....................Å....ÅÅ.... , .. 
, physical conditions and crop production ............... . 
, testing ........Å........Å...Å...................Å...... 

Soil-borne diseases ......................................... . 
Sorghum, effective crop root depth under irrigation ......... . 
Sows, daily water requirements ...............Å........Å...... 
Soyabeans, weed control in ..Å....Å..Å...............Å........ 
Spelling of pasture ...........Å...................Å.......... 
Spinach, crop husbandry ....Å............Å.............Å...Å.Å 

, effective crop root depth under irrigation ......... . 
, varieties ....Å..Å..........................Å.Å...... 

Spray irrigation (see Sprinkler irrigation) 
Spraying, water use ....ÅÅ...Å...ÅÅ....Å.........Å...Å.......Å 
Spring cereals, drainage requirements .......................Å 

, sensi tivity to soil condit; ons .............. . 
Sprinkler irrigation, design data ....ÅÅ...Å.Å....Å.Å........Å 

, efficiency of application .Å.Å..ÅÅ...Å.. 
, systems ..........Å.....Å............... 

Sprouting broccoli (see Broccoli) 
Squash, area and production statistics ................Å...... 

, crop husbandry ......................Å.Å.............. 
, eff~ct~ve crop root depth under irrigation .......... . 
, varletles ........Å............Å.Å...........Å....Å..Å 

Stags, mating ..........Å...Å...............Å...Å.....ÅÅ...... 
Standards for marketing cash crops and small seeds .......... . 
Stationary front ....Å.........Å...Å.......................... 
Statistical report on the wool selling season ....Å....Å...... 
Stock, losses on various farm types ...................Å...... 

, numbers on various farm types ............Å............ 
, purchases on vari ous farm types ..................... .. 
, reconciliations, beef cattle Å...Å..................... 

, dairy cattle .......Å................. 
, sheep .......................... 2-11, 

, sales from various farm types ..Å...................... 
, units ..Å..........Å......Å.Å.Å..Å..................... 
, water, requirements .............................Å..... 

Å supply .........Å...Å..............Å............ 
Stone fruit, production and management ...................... . 

Å producti on stati sti cs ........................ ĿĿĿ 
Å weed control ..Å................................. 

Storage, grain .............................................. . 
, water .............................................. . 

Stored products, insect control in .......................... . 
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14-3 
14-34 
19-17 
14-8 
11-7 
5-6 
3-3 
18-6 
18-11 
18-6 
19-19 
18-3 
18-18 
18-7 
20-54 
19-17 
19-7 
20-14 
12-19 
14-35 
19-17 
14-8 

19-9 
18-24 
18-20 
19-14 
19-18 
19-31 

14-3 
14-30 
19-17 
14-8 
8-4 
13-7 
25-4 
3-16 
2-5 
2-5 
2-5 
4-7 
5-14 
2-15 
2-5 
1-8 
19-7 
19-11 
15-29 
15-3 
20-42 
21-47 
19-10 
20-47 



Straw, nutritive value of Å.Å...Å.Å..Å.ÅÅÅÅ.Å.ÅÅÅ..Å..Å.ÅÅ.Å.. 
Strawberries, drainage requirements .ÅÅÅÅ.Å...Å.Å.ÅÅ.Å.ÅÅÅÅÅÅ. 

, effective crop root depth of irrigation ..ÅÅ.Å.Å 
, production and management .Å.Å...Å.Å...Å.Å.Å...Å 
, production statistics .Å.Å..Å.ÅÅÅÅ.Å.ÅÅ.Å.ÅÅ.ÅÅÅ 

Style (wool) .Å..Å..Å......Å...ÅÅÅÅ.....Å.ÅÅÅÅÅÅ..Å.ÅÅÅÅ.Å...Å 
Sub-tropical fruit, production and management .ÅÅÅÅ..Å.Å..Å.ÅÅ 

, production statistics .ÅÅ.Å...ÅÅ..Å.ÅÅÅÅÅÅ 
Suction capacity, pumps ..ÅÅÅ.Å.Å....Å.ÅÅÅ.....Å.....Å....Å.ÅÅ 
Sugar beet, drainage requirements ÅÅ..ÅÅ.ÅÅÅ.ÅÅÅ.ÅÅ..Å.Å.ÅÅ.Å. 

, sensitivity to soil conditions ................. .. 
Sunflowers, weed control in ÅÅ.Å.ÅÅ.....Å..ÅÅ.Å.ÅÅ.Å..Å.ÅÅÅ.ÅÅ 
Sunshi ne hours .ÅÅÅÅ.......ÅÅ.Å.Å.Å..Å.ÅÅÅ..Å.Å....Å....ÅÅÅÅ.Å 
Surface charts (weather forecasting) ...........Å.Å.Å.Å.Å.Å.ÅÅ 
Surplus milk ..Å.ÅÅÅ.Å......Å.ÅÅ.ÅÅ....ÅÅÅÅ........Å.Å..Å.ÅÅÅÅ 
Survival of piglets ........................................ .. 
Sward ranking Å.ÅÅ..Å.....ÅÅÅ..Å....ÅÅÅ.Å.ÅÅÅÅÅÅÅ.Å.ÅÅÅÅ.ÅÅÅÅÅ 
Swedes, area and production statistics Å.ÅÅ.Å...Å.Å.ÅÅÅÅÅ.ÅÅÅ. 

, crop husbandry ..ÅÅ..........ÅÅ..ÅÅ.ÅÅÅÅÅÅÅ..ÅÅÅÅÅÅ.ÅÅ 
, effective crop root depth under irrigation ÅÅ...ÅÅÅÅ.Å 
, livestock requirements ÅÅ..Å..Å..Å..Å.Å....ÅÅ.Å....Å.. 
, nutritive value of .ÅÅÅÅ..Å.ÅÅÅÅ..ÅÅÅ.Å...Å.ÅÅÅ...Å... 
, sowing and harvesting ..Å.Å..Å..Å..Å..ÅÅ.ÅÅ...ÅÅ 13-5, 

Sweet briar control Å..Å....Å....Å......Å.Å.ÅÅÅ....ÅÅÅÅ....ÅÅÅ 
Sweet lupins, nutritive value of .Å..ÅÅÅÅÅ.Å.Å.Å...Å..Å.ÅÅ.... 
Sweetcorn, area and production statistics Å.Å.Å....Å.Å.Å.ÅÅÅÅÅ 

, effective crop root depth under irrigation Å...ÅÅÅ. 
, vari eti es ÅÅÅÅÅÅÅ.ÅÅÅÅ..ÅÅ..Å.Å.Å...ÅÅ......Å..Å.ÅÅ 
, weed control .Å...Å.Å.....Å.Å.ÅÅÅ.ÅÅÅ.Å.Å..Å..Å.ÅÅ. 

T 

Tall fescue, Roa Å..Å.....Å..Å...Å.ÅÅ....Å..Å..Å.ÅÅ.Å....ÅÅÅÅÅ 
Tama ryegrass .ÅÅÅ..Å.Å.ÅÅÅ.....ÅÅ.Å.ÅÅÅÅÅ...ÅÅÅ.Å..Å...ÅÅ.ÅÅ. 

, tractor hours for cultivation ................ . 
Tamari 11 os, producti on and management .ÅÅÅÅÅÅ.ÅÅ.Å............ 

, production statistics ...ÅÅ.........Å..ÅÅ..Å..Å... 
Tangelos, production statistics ÅÅ..ÅÅ..........ÅÅÅ.Å.Å.ÅÅÅÅÅ. 
Temperatures, atmospheric ÅÅ.....ÅÅ.....ÅÅ......Å.Å.....Å...Å. 

, 1 i vestock ....ÅÅÅÅ..............ÅÅÅ.Å.Å.ÅÅÅ..Å.. 
, metric conversion Å..Å.ÅÅ.Å.Å...ÅÅ.ÅÅÅ..Å....Å.Å 
, units used in mesaurement ...Å....Å....... 23-4, 

Therm, definition .......................................... .. 
Thinning, farm forestry Å.ÅÅÅ..Å.Å.Å.Å.ÅÅÅ.ÅÅ.Å....ÅÅÅÅÅ....Å. 
Tick beans, weed control in Å.Å......Å..Å.Å..Å.ÅÅÅ....Å....Å.Å 
Timber ÅÅ.ÅÅÅ..Å.......Å....ÅÅ.Å................Å.Å..Å.....ÅÅ. 
Ti mothy, Kahu .Å...............Å.Å............................ 

, sack capacities ...Å..ÅÅ.Å.Å....Å...ÅÅÅ , ÅÅÅÅ.Å , .Å.ÅÅ. 
Tissue worm .ÅÅ.ÅÅÅ.......Å..Å.......Å..Å..Å..Å..Å............ 
Tobacco, effective crop root depth under irrigation .ÅÅ....ÅÅ. 

, production figures Å.......Å......Å.ÅÅÅÅ.Å...Å..ÅÅ..Å 
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11-5 
18-24 
19-17 
15-19 
15-7 
3-8 
15-43 
15-3 
19-29 
18-24 
18-20 
20-14 
25-11 
25-6 
5-8 
6-8 
12-17 
14-3 
14-35 
19-17 
11-23 
11-6 
14-35 
20-19 
11-6 
14-3 
19-17 
14-8 
20-7 

12-14 
12-10 
22-11 
15-53 
15-3 
15-3 
25-9 
1-3 
23-9 
23-13 
24-3 
17-18 
20-15 
21-54 
12-11 
13-13 
8-10 
19-17 
16-6 



Tomatoes, area and production statistics ...........Å......... 
, crop husbandry .................Å..................Å 
, effective crop root depth under irrigation ........ . 
, varieties ............Å..................Å.......... 

Total available water (irrigation) .......................... . 
Town milk supply, calving patterns .......................... . 

, producti on ...........Å..................... 
, quota system ............................. .. 

Tractors, calculation of hours used ......Å................... 
, fuel and oil consumpti on .......................... . 

Travell ing irrigators ....................................... . 
Tree volume table ............................Å............... 
Trickle irrigation, advantages and disadvantages ............ . 

, components .............................. . 
, desi gn data ............................ .. 

Tuberculosis in deer ...............................Å.... 8-3, 
Turkeys, age c1 asses ..............................Å.......... 

, daily water requirements .......Å...................Å 
, gestation period ........................Å........... 
, production ..................Å....................... 

Turnips, area and production statistics ..................... . 
, crop husbandry ...Å................Å................. 
, effective crop root depth under irrigation ......... . 
, livestock requirements .........Å............Å....... 
, nutritive value of ................................ .. 
, sowing and harvesting ............................. .. 
, varieties ..................................... 13-3, 

Type structure index (wool) ................................. . 

u 

14-3 
14-39 
19-17 
14-8 
19-13 
5-9 
5-7 
5-8 
22-5 
22-10 
19-33 
17-28 
19-20 
19-21 
19-23 
8-8 
1-7 
19-7 
1-4 
9-8 
14-3 
14-37 
19-17 
11-22 
11-6 
13-6 
14-9 
3-5 

Utilisation of pasture ..Å..............................Å..... 12-18 

v 
Vapour pressure ............................................. . 
Variabil ity of pasture yields ............................... . 
Variegated thistle control .................................. . 
Varieties of herbage .................Å....................... 
Vat chillers, electricity consumption ...Å.................... 
Vegetables, area and production statistics ................. .. 

, crop husbandry .................................. . 
, effective crop root depth under irrigation ...... . 
, insect control in ............................... . 

;;.::;;,>Velocity, metric conversion ................................. . 
Velvet, grading ............................................. . 

, legislation ......................................... . 
, production .......................................... . 
, yields .............................................. . 

Venison, grading ............................................ . 
, production ......................................... . 
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25-11 
12-21 
20-19 
12-8 
24-4 
14-3 
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19-17 
20-49 
23-4 
8-6 
8-3 
8-6 
8-7 
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3-5 



Vineyards, weed control in ................................... 20-21 
Vining peas, drainage requirements .............Å.......Å...Å. 18-24 

(also see Peas) 
Vol ts, definition ............................................ 24-3 

, metri c conversi on .............................Å....... 23-9 
Volume, metric conversion .................................... 23-9 

, rates of flow {irrigation) ..........................Å 19-3 
, units used in measurement ...................... 23-4,23-13 

W 

Walnuts, production and management .......................Å... 
.. ' production statistics .................... , ......... .. 

Wapl tl ...................................................... . 
Warm front .......................Å........................... 
Water, demand rates ......................................... . 

, distribution, trickle irrigation ..............Å....... 
, heating, electricity consumption .........Å............ 
, net and total avail abl e .............................. . 
,power (pumping) .................................Å..... 
, quantity and time patterns ........................... . 
, requirements, domestic ...............................Å 

, stock .................................. . 
, trickle irrigation ..................... . 

, sources for trickle irrigation ....................Å... 
, storage requ i rements ......................Å........... 
, supply equipment, working lives of ...Å...............Å 
, supply units ......................................... . 

Water balance, data on ...................................Å... 
Water cycle, establishment of ............................... . 
Water holding capacity (soil) .............................. ,. 
Watermelons, area and production statistics ................ .. 

, crop husbandry ................................. . 
, effective crop root depths under irrigation .... . 
, varieties ...................................... . 

Watts, defi ni t ion ........................................... . 
Weaned lambs, feed requirements ............................. . 
Weather, forecasting ........................................ . 

, mapping, example of ............................... .. 
Weed control guide .......................................... . 
Weights and measures ........................................ . 
Wheat, disease control in .................................. .. 

, effective crop root depth under irrigation ........... . 
, marketing standards .................................. . 
, nutritive value of ................................... . 
, sack ca pac i ties ...................................... . 
, sowing and harvesting ................................ . 
, straw, nutritive value of ............................ . 
, tractor hours for cultivation ........................ . 
, varieties ............................................ . 
, weed control in ...................................... . 
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15-64 
15-3 
8-3 
25-4 
19-6 
19-25 
24-4 
19-13 
19-29 
19-7 
19-7 
19-7 
19-25 
19-21 
19-10 
19-34 
19-4 
25-9 
19-13 
19-14 
14-3 
14-38 
19-17 
14-9 
24-3 
11-8 
25-4 
25-5 
20-4 
23-3 
20-54 
19-17 
13-7 
11-6 
13-13 
13-5 
11ĿĿ5 
22-10 
13-3 
20-5 



White clover, Huia ............................Å.Å............ 
, nutritive value of ........Å................Å... 
, Pitau ..................Å....................... 
, sow~ng.and harvesting ...........Å.............. 
, vanetles ...Å......Å................Å.......... 

Whitetail deer ...Å.......Å.........................Å........Å 
Wi 1 d oat control ..........Å.................................. 
Willow, nutritive value of ...Å...Å..............ÅÅ.Å..Å.ÅÅÅ.Å 
Wind runs ...........Å....Å................................... 
Windrowing, hours per hectare Å............Å...Å........ÅÅ...Å 
Winter, cereals, drainage requirements ...................... . 

, sensitivity to soil conditions .........Å.... 
, greenfeeds, livestock requirements .................. . 
, greens (vegetables), drainage requirements .......... . 

Wool, auctions ...................Å........................... 
, brokers and buyers association ....Å...Å.Å.............. 
, characteristics of various sheep breeds ............... . 
, classification ........................ÅÅ............... 
, core sampl ing ......................................... . 
, preparati on ..................Å....Å.......Å....Å.....Å. 
, pre-sale test certificate, exa~ple .................... . 
, production .....Å............ÅÅ............Å....Å....... 
, production per hectare from various farm types .......Å. 
, qual ity number ..........Å..........Å......ÅÅ........... 
, sales from various farm types ..Å..Å..Å......Å......Å... 
, sampl ing and testing .................................. . 
, sell i ng system .......Å................................. 
, statistical report on 1979/80, 1980/81, 1981/82 selling 

seasons .......Å....Å..................ÅÅ............. 
, styl e descri pti on .......Å........................Å.Å.ÅÅ 
, yields, cl ean ........................................ .. 

,lambs ..................................Å....Å.. 
Wool sheds .................Å..Å.... " ......Å........Å.......... 

, plans of ......................Å...Å....Å....Å.Å...Å 
Work capacity of farm machinery ..........Å.................Å. 
Working lives of water supply equipment ..........Å...Å..Å.ÅÅÅ 

y 

12-14 
11-4 
12-15 
13-6 
13-4 
8-3 
20-6 
11-4 
25-12 
22-12 
18-24 
18-20 
11-24 
18-24 
3-23 
3-24 
3-12 
3-4 
3-21 
3-3 
3-20 
3-3 
2-5 
3-5 
2-5 
3-18 
3-23 

3-16 
3-8 
3-15 
3-16 
21-37 
21-41 
22-8 
19-34 

Yards, cattle, circular ...................................... 21-27 
, constructi on of ..............................Å 21-27 
, designing ..................................... 21-25 
, pl ans of ............Å..........Å.............. 21-29 

, dai ry ................................................ , 21-44 
, deer ..........................Å....................... 21-34 

,plans of ........................................ 21-35 
, sheep ...................Å............................Å 21-3 

, c i rc u 1 a r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 21-18 
, construction of ............................Å.Å. 21-6 
, covered ........................................ 21-23 
, pl ans of ...........................Å....Å...... 21-9 
, semi ci rcul ar .................. " .............. 21-22 
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Yellow-brown, earths ........................................ . 
, fertiliser requirements Å........ 18-12, 
, water holding capacity ..............Å.. 

, loams, fertiliser requirements ..ÅÅ....Å. 18-14, 
, pumi ceo .Å...............Å........Å............. 

, fertiliser requirements ..Å...... 18-14, 
, sands, fertiliser requirements .......... 18-14, 

Yellow-grey earths, fertiliser requirements ..........Å 18-12, 
, water holding capacity ..........Å........ 

Yersinosis ...........ÅÅ.Å...Å..Å..................Å..ÅÅ..Å... 

Z 

18-3 
18-13 
19-15 
18-15 
18-4 
18-15 
18-15 
18-13 
19-15 
8-8 

Zonal soi 1 s ............................................ 18-3, 18-5 
Zucchini (see Courgettes) 
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