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A dryland lucerne (Medicago sativa L.) grazing‘trial
to compare cv Wairau and a winter-active cultivar, Rere,
was conducted over a two and a half year period using mixed
aged ewes. Four cool-season grazing treatments were
imposed; no cool-season grazing, grazing in mid-June, a
short spelling in spring and a combination of the mid-June
grazing and short spelling in spring. During the warm
season, the trial was given one management of 10 days graz-
ing with 42 days spelling. In the first season, there was
no difference in total dry matter yield of Wairau and Rere,
The winter-active, Rere, outyielded Wairau during part of
the cool-season, while Wairau outproduced Rere in early
spring. By the third season, however, the annual dry matter
yield of Wairau and Rere was 10,820 and 7,300 kg DM ha”t
respectively. This difference in yield was due, in part, to

the appearance of crown rot in the final season. Over 60%



of Rere plants were affected by crown rot, compared to only
3% of Wairau plaﬁts. The incidence of crown rot in Rere
was increased by a further 20% when grazed in mid-June,
although this grazing treatment did not affect the suscept-
ibility of Wairau to crown rot. Rere was also 90% higher
in weed content than Wairau when both had been grazed in
June. However, grazing either cultivar in June removed
overwintering aphids and resulted in lower spring aphid
numbers than in lucerne spelled over June. This difference
was only significant until aphid flights in November, The
short spelling in spring depressed subsequent yields of both
cultivars until mid-January, although aphid numbers on luc-
erne subjected to this short spelling treatment remained
below 2 per stem until aphid flights in November. In con-
trast, lucerne given a longer spelling in spring had up to
90 aphids per stem prior to aphid flights. This spring
grazing treatment did not affect the incidénce of crown rot
in either cultivar. After two seasons, combination of the
June grazing with the short spelling in spring reduced the
dry matter yield of both Wairau and Rere by 40% compared to

lucerne with no cool-season treatment.

Two other trials were established, with the lucerne
cultivars Saranac, Wairau, Rere and Matador, which range from
low to high winter-activity in that order. There was strong
evidence from these trials that the depressive effect of June
grazing on the yield of Rere in spring was due to a reduction

in root reserves required for spring regrowth. Spring root
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reserves of the winter-active cultivars (Rere, Matador)

were lower after the June defoliation than less winter-
active cultivars (Saranac, Wairau) because of the greater
use of reserves made by winter-actives in the cool-season.
Utilisation of cool-season activity and high spring product-

ion thus proved to be incompatible.
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CHAPTER 1

INTRODUCTION

1.1 GENERAL INTRODUCTION

Lucerne (Medicago sativa L.) lost favour with New
Zealand farmers in the late 1970s, primarily because of
newly introduced or recognised diseases and pests. The
pathogens most often blamed for this dissatisfaction are
the lucerne aphids, blue-green aphid (4dcyrthosiphon kondoi)
and pea aphid (A. pisum) together with bacterial wilt
(Corynebacterium insidiosum) and stem nematode (Ditylenchus
dipsaci Kuhn) which increased as problems in wet years.,
More recently, sitona weevil (Sitona discoideus) and
spotted alfalfa aphid (Therioaphis trifolii maculata) have

arrived in New Zealand and are causing further problems.

In 1978, Crop Research Division, D.S.I.R., placed cv.
Rere on the Acceptable Cultivar List. Rere was bred for
resistance to blue-green aphid and pea aphid, and also had
good cool-season activity. Although cutting trials had
established that Rere was a promising cultivar, there was
no information on its performance compared to a standard
New Zealand cultivar under established grazing management,
particularly the effect of cool-season management on this

cultivar.

o



CHAPTER 2

LITERATURE REVIEW

2.1 DISEASE AND PEST PROBLEMS OF LUCERNE

Blue green aphid (BGLA) and pea aphid (PA) became
established in New Zealand in late 1975 (Gaynor, Kain,
Atkinson and Oliver, 1980). Spread of both pests was
. rapid and damage to the most commonly grown lucerne, cv.
Wairau, was severe. In 1977, Kain, Atkinson, Marsden,
Oliver and Holland reported significant losses in dry
matter production of lucerne throughout the growing
season while in 1978 there was a 60% drop in autumn pro-
duction from two lucerne meal factories in the southern
North Island region (Kain, Trought, Gaynor and Atkinson,
1978). Good control of BGLA and PA was obtained with
insecticide (Kain, Atkinson and Oliver, 1979), although this
was expensive and time consuming. Smallfield, White and
‘Penman (1980) integrated insecticide control with a cool-
season grazing management system consisting of a hard June
grazing with sheep. Aphid populations remained low until
early November, delaying the need for insecticide applicat-
ion. It was suggested that spring grazings would help to
keep aphid numbers low, although spraying would be neces-
sary if aphid numbers became high‘after spring flights.
However, spraying should no longer be necessary if locally

or overseas bred cultivars with resistance to such pests



can be introduced. Newly introduced or recognised
diseases and pests have been responsible for a major
change of cultivars in New Zealand since the mid-1970s,
especially with the importation of U.S.-bred bacterial
wilt resistant cultivars. The guantity of seed of the
standard cv. Wairau dressed in 1983 was 43% less than

that in 1979. This was due to the increased percentage
occupied by new cultivars. For example, the quantity of
certified seed of Rere has increased to 21 t in the period
1979 to 1983. In contrast, Wairau seed dressed in 1983
was less than 20 t (Annual Report Official Seed Testing
Station, 1983). Unfortunately, data of certified areas
does not give a true estimate of the area of lucerne
cultivars grown in New Zealand as many cultivars such as
WL318 are not certified in New Zealand (Wynn-Williams, pers.
comm. ) . Importation of seed of overseas varieties is

estimated at 100 tonnes per year.

Table 2.1 lists those cultivars available in 1983
together with their resistance to the major New Zealand
pests and diseases. Farrell and Stufkens (1981) evaluated
Rere for resistance to BGLA. It was found that
populations in spring were between 50 and 70% lower on
Rere than on Wairau. However, there were no visible
signs of aphid feeding damage on Rere even though aphids were
present, On the other hand, cultivars such as Wairau,
Washoe and Saranac exhibited little tolerance toBGLA feed-

ing and damage was great.



Table 2.1: Characteristics of major lucerne cultivars in 1984 on the Acceptable Cultivar List.

Characteristic
Cultivar Blue-green Pea Bacterial Stem Leaf Phytopthora
aphid aphid wilt nematode diseases root-rot
AS13R S SR R R S R
Oranga R R R - MR -
Pr 521 S MR R S SR S
Pr 524 ] MR R S MR S
Rere R R MR S S S
Saranac S MR R S MR S
Wairau S S S S S
Washoe S MR R R S R
WL 311 SR R R S MR S
WL 318 SR R R SR MR R
Abbreviations: R = resistant
MR = moderate resistance
SR = slight resistance
S = susceptible

(adapted from Dunbier and Easton, 1982)



Nevertheless, new pests are continually arriving.
Spotted alfalfa aphid (SAA) was reported in the North Island
at the end of 1983 (Dunbier, pers. comm.). Breeding pro-
grammes by Crop Research Division, DSIR, now include
screening for SAA resistance in association with Australia,
while many of the cultivars already on the New Zealand
Acceptable List (AS13R) Pioneer 521 and 524, Rere, WL31ll and
318 and Washoe) have moderate resistance to SAA (Dunbier

and Easton, 1982).

However, Chisci and Lessells (1960) found that lucerne
varieties of local origin or selection produce the highest
yields. For example, Australia's locally developed culti-
var Hunter River consistently produces more on a long-term
basis than overseas-bred cultivars even under contrasting
climates in which it is grown. This superiority is not

evident in other countries (Christian, 1977).

Lucerne in New Zealand is used more for grazing than
in other countries. In North America, winters are severe
and lucerne is almost solely cut for hay. However,
winters are milder in New Zealand and growth during winter
occurs with cool~season grazing possible. New Zealand is
also isolated geographically and pests and diseases from the
rest of the world are taking time to reach New Zealand.

Not all of the new lucerne pathogens which develop will be
a problem of lucerne in New Zealand. For example, it has
been suggested that spotted alfalfa aphid will be a greater

problem in clover (White, pers. comm.). Nielsen and Lehman



(1980) also observed that biotypes of pests develop which

are peculiar to different areas of the world.

Because of this unique interaction of management,
climate and pests and diseases, locally~-bred resistant
cultivars should be superior to imported cultivars.
Although as suggested by Dunbier and Easton (1982), desir-
able agronomic characteristics should be selected from
successful overseas breeding programmes rather than breed-
ing disease and pest resistances into "New Zealand common",

i.e. Wairau.

2.2 GRAZING MANAGEMENT OF LUCERNE

Iversen (1967) laid the foundation for the grazing
management of lucerne in New Zealand. His four days grazing
with 36 days spelling gavé consistently good results.
However, such a management is labour intensive due to more
and smaller paddocks reguired for such short grazing periods.
O'Connor (1870) found thét the grazing period could be
extended to up to 14 days with little harm to lucerne,
although Janson (1978) observed that lucerne yielded 14%
lower under a 15 day grazing duration system than under a
2-4 day grazing system over eight months. This may be a
reasonable price to pay for a less intensive system using

15 days grazing and fewer paddocks.

The literature on seasonal grazing management of

lucerne is extensive although White (1982) gives a recent



review of what is now considered a suitable management

system for lucérne in New Zealand. Spelling duration is
generally recommended as 42 days, although this will vary

with season, while grazing duration should be around 10

days. Smallfield, White and Penman (1980) recommend a

hard winter grazing in early to mid-June to control over-
wintering aphids and weeds. Grazing lucerne later in the
cool-season, when soils are wetter, may lead to increased growth

damage (Dunbier, Wynn-Williams and Burnett, 1982).

2.3 WINTER ACTIVITY OF. WAIRAU AND RERE

The standard New Zealénd cultivar Wairau is usually
regarded as producing little growth during winter. O'Connor
(1967) looked at various trials which tested the viability of
combined sowings of lucerne with companion grasses to supple-
ment the deficit in the cool-season: However, Langer (1973)
found that lucerne-grass mixtures show little promise because
of competition between lucerne and the grasses used. An
alternative may now be available with the introduction of

winter-active cultivars.

In the DSIR breeding programmes for aphid resistance,
the introduction of Winter—activity has been an added bonus.
Rere is an ll-clone synthetic derived from Saranac and the
Californian synthetic CUF101 baséd on cv. African, which is
very winter-active. CUF10l1 was the only BGLA resistant

cultivar available when this pest became established in New



Zealand. Consequently, Rere also inherited the winter-
activity of CUF1l01l. In most lucerne growing areas in New
Zealand, the winters are mild enough for the benefit of
winter growth to be realised. However, grazing manage-
ment of lucerne in the cool-season may need revision as
management is presently based éround the period of low

winter growth of Wairau.

2.4 BUD GROWTH AND ROOT RESERVES

It is generally accepted that bud growth of lucerne
is associated with root carbohydrate reserves, although a
causal relationship has not yet been shown. Carbohydrate
levels are important in the success of subsequent growth
as shown by frequent defoliations of immature lucerne (Langer,
1973). Carbohydrate and dry matter accumulation in roots
directly reflects the severity and timing of defoliation,
with early defoliation being more detrimental to root growth
and carbohydrate storage than later harvest (Wolf, 1978).
The percentage of total nonstructural carbohydrate (TNC) in
the taproot declines for a period of 20-30 days after
defoliation before accumulation begins again (Nielsen and

Lysgaard, 1956; Hodgkinson, 1967).

There is also a relationship between root weight and
the rate of shoot regrowth (Leach, 1968) while Graffis
(1960) found that the percentage of certain carbohydrates

in the taproot was related to rate of shoot regrowth.



However, this evidence is inconclusive as the
relationship may not be causal. For example, continued
respiration in the roots after defoliation may account for
most of the reduction in TNC in the roots (May and Davidson,
1958) and this relation cannot therefore be taken as proof
that TNC reserves are directly involved in regrowth of new

shoots.

Both Leach (1968) and Hodgkinson (1970) found that TNC
reserves influence regrowth of shoots for only a short time
after defoliation, which they considered insufficient to
have any effect on regrowth yield. However, both workers
looked at regrowth of plants with levels of root reserves
considered adequate for optimal growth. When conditions
for growth are suboptimal as in winter or with a short
spelling period, this short time of carbohydrate involvement
in regrowth may be critical. Cowett and Sprague (1962)
reported that TNC production and accumulation is essential
for crown bud initiation and development when root reserves

are already at a low level.

2.5 PLANT VIGOUR AND ROOT RESERVES

Accumulation of carbohydrate reserves in autumn is
important to counter the effects Qf cool-season defoliation
(Chatterton, Akao, Carlson and Hungerford, 1977). Defoliat-
ions in late autumn decreased carbohydrate reserves and sub-

sequent yields (Fulkerson, 1970). Decline in plant vigour
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following repeated defoliations in winter leads to death
of some plants, and low production in spring. Jung and
Smith (1961) and Klebesadel (1971) found that cultivars
with higher levels of root reserves in winter survive these
conditions better. The faster regrowth of winter-active
cultivars in the cool-season also makes them more prone to
carbohydrate depletion (Cohen, Bielorai and Dovrat, 1972).
It is likely that because of this, winter management will

be more critical for winter-active cultivars.

Repeated defoliation of winter-active cultivars in
the cool-season not only leads to slower regrowth but
ultimately plant death as well. If leaf material is not
available to synthesise carbohydrates directly and there are

nc root reserves, growth cannot occur.

However, Palmer (1961) found no evidence to suggest
that winter-active cultivars are less persistent than winter-
dormant cultivars although the trials were run over a short
period. More recently, Mahoney (unpublished data) observed
that winter-activity and survival under grazing was not
related, but in this work the effect of cool-season grazing
or persistence was not specifically investigated. Martyn
and Heard (1982) also found that there was no such relation
although they suggest that in the long-term, dormant culti-

vars will be more persistent.
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CHAPTER 3

TRIAL 1

3.1 INTRODUCTION AND AIM

New pest and disease resistant lucerne varieties are
being bred or imported to replace our susceptible standard
cultivar, Wairau, but little is known of their behaviour
under grazing. Rere, bred by Dr M.W. Dunbier of Crop
Research Division, DSIR, Lincoln, shows good resistance to
blue-green, pea and spotted alfalfa aphids, and to bacterial
wilt. The field experiment described here was established

to compare Rere with Wairau under grazing.

Rere is also known to have superior cool-season activ-
ity to Wairau which could help to alleviate the present lack
of lucterne production during the cool-season. Grazing of
lucerne in the cool-season would utilise this growth and
is also helpful in the control of overwintering aphids and
weeds. However, it is not known what effect a cool-season
grazing will have on the subseguent production and persist-

ence of Rere.



12

3.2 LOCATION AND CULTURAL DETAILS

The grazing trial was conducted on the Lincoln
College Research Farm paddock H6 situated on Shands Road,
about 5 km north of Lincoln College. The trial was sited
on a Templeton silt loam, a well-drained, deep, fertile
soil. In both the 1977/78 and 1978/79 seasons the area

was in grain legumes and cereals.

In the present trial, two cultivars were used, Wairau
the New Zealand standard cultivar, and Rere, an ll-clone
synthetic derived from CUF10l1 and Saranac. In December 1979,
Wairau was drilled at 11 kg ha™' and Rere at 17 kg ha ' in
15 cm rows.  Rere was sown at a higher seeding rate to
account for a lower germination rate than Wairau. Plant
numbers in Rere plots were unacceptably low in 1980 and
were direct drilled at 25 kg ha ' on September 4, 1980.
There were further problems of low establishment in five
Rere plots and following recommendations from G. Meijer
(Senior fechnician, Plant Science Department, Lincoln Col-
lege) these plots were cultivated and resown at 4 kg ha_l

on September 11, 1981. All seed was pelleted and inocu-

lated.

Lime (5,000 kg ha‘l) and superphosphate (500 kg ha—l)
was applied to the trial area in 1979 prior to sowing.
Maintenance fertiliser was appliéd to all plots on September
17, 1981, using superphosphate at 250 kg ha™t. In October

1983, soil tests (Appendix 1) showed that soil pH was
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slightly low for lucerne at 5.7, but the level of phosphate
(Olsen P, 8.3) was very low. Because of this phosphate
deficiency, 30% potassic superphosphate (NPKS 6,6,14,7)

was applied to all plots at 500 kg ha™® on October 12, 1983,

Lime was not applied to raise low pH as the trial was

planned to finish early in January 1984,

A herbicide mixture of 1.5 kg atrazine (1.0 kg a.i.
ha_l) and 3 I of paraquat (0.6 kg a.i. ha 1) was applied to
all but the five newly sown Rere plots at 211 7 ha_l on
August 30, 1981, to control broadleaved and grass weeds.
This herbicide mixture is commonly used in mature lucerne
for weed control (Atkinson and Meeklah, 1980). The five
newly sown Rere plots were sprayed with this mixture on
August 12, 1982, at the same rate. This ensured that the

effect of the herbicide mixture on weeds did not interact

with time of application.

3.3 CLIMATIC DETAILS

Meteorological data during the trial are given in
Appendix 2. A severe hailstorm occurred in early 1983
and estimated herbage loss from leaf and stem damage
(Plate 1) was recorded (Appendix 3). 0f note was an
extremely dry 1982-83 season which commenced during the 1982

winter and a more moderate 1983-84 season.



Plate 1:

Hail damage to leaves, shoots and apices
of lucerne early in 1983.

14
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3.4 TREATMENTS

There was one management for both cultivars during
the warm season consisting of ten days grazing with a
mean spelling period of 42 days. Due to an extremely
dry 1982-83 season, lucerne growth was slow in late summer
and the spelling period from January to March, 1983, was
increased to 54 days. However, growth was very rapid from
November to early January in each year and the‘spelling

period was reduced by up to eight days at this time

(Appendix 4). This management commenced in the spring of
1981. In 1982 and 1983, cool-season grazing treatments were
imposed. The treatments were:

1) Spelled in June with normal spelling in spring (O).

2) Grazed in June (J).

3) Short spelling period in spring (S).

4) Combination of 2 and 3 (JS).

There were four replicates of each grazing treatment
with two cultivars giving a total of 32 plots. These
plots (each 500 m2) were arranged in a randomised block
design. From October 1981 to March 1982, two replicates
were grazed at a time followed by the other two replicates.
From 1982 until the end of the trial, all four replicates
were grazed simultaneously. Lucerne was grazed in June to
utilise autumn growth of Rere and to examine any effects on
aphid populations, weeds and lucerne production in spring.
Lucerne was grazed in September as early spring lucerne growth
is often used as lambing feed and the spelling period until

the next grazing is usually short under such management.
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Information is extremely limited on the effect of this
management on subsequent production of winter-active culti-

vars such as Rere.

In 1982, treatment 3 plots were grazed on September
10 when lucerne was between 8 and 10 cm high. After a
short spelling period of 31 days all plots were grazed on
October 20. In 1983, all plots were grazed on September
30 when lucerne was 20 to 26 cm high. After 21 days,
treatment 3 plots were grazed on November 1 followed by a
grazing of all plots on November 22. This very short
spelling duration for treatment 3 plots in 1983 was used as
there was no lasting effect of the short spelling duration

of treatment 3 plots from 1882.

The reason for the difference in timing of the spring
grazings between the first and second years was to determine
if the time of spring defoliation influenced the effect of

a June grazing on subsequent summer production.

Sheep number per plot was sufficient to leave a stubble
of not more than 3 cm after 10 days grazing (Plates 2a, b)
and was based on dry matter on offer per plot immediately
prior to grazing. The method of calculating sheep number
per plot required to give this level of grazing was that
used by Cosgrove (1978). When growth was rapid in late
spring, sufficient dry sheep were not always available to
complete defoliation and any stubble remaining after 10 days
grazing was mown to 3 cm. Mixed age dry sheep were used

throughout the trial. The trial was not irrigated.



Plates 2a,

b:

Lucerne stand in Trial 1 before (a)
and immediately after (b) the 1l0-day
grazing period.

17
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3.5 SAMPLING

Prior to each grazing, a 0.5 m2 quadrat was selected
at random from each quarter of every plot, cut at 3 cm
height and herbage bulked. Care was taken to avoid sheep
camps (Plate 4) and fencelines. The bulked herbage was
subsampled to determine dry matter yield and botanical
composition by the quartering method (Boswell, 1975).
Herbage was dried in a forced air oven at 85°C for 24-48
hours. From each green sample, 20 lucerne shoots were
randomly selected and mean shoot %ength recorded. In 1982,
nodes per‘shoot from 20 randomly selected shoots were
recorded. Mean internode length per shoot was determined

by dividing shoot length by the number of nodes per shoot.

Aphid populations were counted prior to each harvest
in 1982. After random selection of 50 shoots per plot,
the shoots were maintained at 85°c for iS minutes. Aphids
were subsequently removed by shaking herbage in a large, coarse
sieve and the number counted on a circular grid. On November
27, 1982, aphids were identified as blue-~green lucerne and pea
aphids and separate counts of the two species were made. In
previous trials, aphid populations have been expressed as
number per shoot. However, Rere has greater winter activity
than Wairau and as a larger plant is able to support more
aphids per shoot than a smaller plant (Kain, Atkinson, Mars-
den, Oliver and Holland, 1977), aphid numbers were also
expressed as number per unit dry weight of lucerne. Aphid
feeding damage scores were made on December 8, 1982, based on

the method used by Farrell and Stufkens (198l) where the



Plate 4:

Sheep camps found in most corners of lucerne
plots in Trial 1.

19
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intensity of three signs of feeding damage were scored
on an arbitrary scale from 0 (no damage) to 5 (severe

damage) .

Two random rows, each 1.0 m, were dug to 10 cm below
ground level in each replicate immediately prior to har-
vest and crown shoots per plant then counted. Crown
shoots were defined as shoots arising from the crown greater
than 2 cm in length while shoots less than 2 cm in length

were defined as crown buds.

Plant populations were determined annually by excavat-
ing two 0.5 m2 sites in each plot to a depth of 30 cm.
On November 1, 1983, damage to crowns and roots due to
disease was assessed by classifying roots into four groups
based on the percentage of healthy crown buds per crown.
Whole plant samples from this November harvest were taken
by Dr B. Hawthorne (Plant Disease Division, DSIR, Auckland)
to identify the pathogen(s) causing a severe decline in
Rere plant populations during 1983. Data prior to March 5
was collected by A. Jones and G. Meijer, Plant Science

Department, Lincoln College.
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3.6 RESULTS

3.6.1 Yield

No Cool-Season Treatment - Wairau yielded more dry matter

than Rere from September to early November 1981, although
Rere yielded more'than Wairau from April to July 1982

(Fig. 3.1). However, from December 1981 to March 1982 and
early September 1982 through to April 1983, there was no
significant difference in the dry matter yield of the two
cultivars. From October 1983 to the end of the trial in
January 1984, Wairau yielded significantly more dry matter

than Rere (Fig. 3.1).

June Grazing Treatment - On October 20, 1982, Wairau grazed

in June yielded 50% more dry matter than Rere grazed in
June. By December 1982, this yield difference was not
significant (Table 3.1). From September 30, 1983 to January
9, 1984, Wairau that had been grazed in June yielded more

than 40% higher than Rere grazed in June (Table 3.2).

In September and October 1982, Wairau grazed
in June yielded over 25% more than Wairau spelled in June.
By December 9, 1982, this difference was not apparent
(Table 3,1). The yield of Rere grazed in June on October
20, 1982, was 25% lower than Rere spelled in June, and by
December 9, 1982, this difference was still 22%. However,
recovery was complete by January 25, 1983 (Table 3.1).

From September 30, 1983 to January 9, 1984, Wairau spelled
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Table 3.1l: Dry matter yield of Wairau and Rere in the
1982/83 season under four cool-season
management treatments.

Yield (kg DM ha 1)

Treatment
Sept 9 Oct 20 Dec 9 Jan 25
Wairau O 1030 2320 2970 1830
J 1700 3130 2770 1920
S 1030 1250 1940 1840
JSs 1700 900 1530 1550
Rere 0 1070 2220 3110 2450
J 1100 1670 2410 2320
S 1070 1000 1620 1890
Js 1100 700 1890 2070
CV% 21.3 7.9 22.5 25.6
SE 260 130 312 308

Table 3.2: Dry matter yield of Wairau and Rere in the
1983/84 season under four cool-season
management treatments.

Yield (kg DM ha~1l)

Treatment
Sept 30 Nov 1 Jan 9
Wairau O 1900 1190 3630
J 1740 1140 3710
S 1630 1200 2780
Js 1580 950 1990
Rere 0 1340 560 3050
J 1020 390 2150
S 1200 410 2430
Js 880 340 1800
CV% 10.7 8.8 17.9

SE 151 68 202
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over June yielded the same as Wairau grazed in June. However,
over this same period, Rere spelled in June yielded signifi-

cantly more dry matter than Rere grazed in June (Table 3.2).

Short, Spring Spelling Treatment - On October 20, 1982,

Wairau subjected to a short spelling period in spring
yielded 46% less dry matter than Wairau with no cool-season
treatment. By November 9, 1982, this difference in dry
matter yield had declined to 34% and on January 25, 1983,

the difference in yield was no longer significant (Table 3.1).

In the following season on January 9, 1984,
Wairau with a short spelling period in spring, yielded 23%
less dry matter than Wairau with no cool-season treatment
(Table 3.,2). Similar trends were found in the dry matter
yields of Rere subjected to a short spelling period in

spring (Tables 3.1, 3.2).

By October 20, 1982, Rere plots that had been
given a short spelling period in spring yielded 54% less dry
matter than Rere plots with no cool-season treatment. In
early December 1982, this difference in dry matter yield
had dropped slightly to 47%. However, there was no signifi-
cant yield difference between these two treatments by January
1983 (Table 3.1). By January 9, 1984, Rere subjected to
this short spring spelling period yielded 20% less dry matter

than Rere with no cool-season treatment (Table 3.2).
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June Grazing + Short, Spring Spelling Treatment - In the

1982/83 season, the dry matter yield of Wairau grazed in
June and given a short, spring spelling period, was not
significantly different from the dry matter yield of Rere
under similar treatment (Table 3.1). However, in late
September 1983, Wairau yielded over 40% more than Rere when
both cultivars were grazed in June with a short, spring
spelling period. This difference in yield between culti-
vars increased to more than 60% by November 1, 1983. How-
ever, in early January 1984, this difference in yield

between Wairau and Rere was not significant (Table 3.2).

On October 20, 1982, dry matter yield of Wairau
grazed in June and given a short spring spelling was 57%
lower than Wairau with no cool-season treatment. By early
December 1982, this treatment difference had dropped to 48%,
but by January 25, 1983, there was no significant difference
in the dry matter yield of Wairau under these two treatments

(Table 3.1).

By late September 1983, Wairau that had been
grazed in June and given a short spelling period in spring
yielded significantly less than Wairau with no cool-season
treatment. This difference was still significant by
November 1, 1983. By early January 1984, Wairau grazed in
June and given a short spelling period in spring yielded 45%
less dry matter than Wairau with no cool-season treatment

(Table 3.2).
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The dry matter yield of Rere on October 20,

1982, was reduced by 70% when grazed in June with a short,
spring spelling period compared to Rere with no coocl-season
treatment. This difference in yield between treatments
was still significant by December 9, 1982, but recovery was
complete by January 25, 1983 (Table 3.1). 1In the follow-
ing season, the dry matter yield of Rere under these two
treatments followed a similar trend. However, Rere dgrazed
in June with a short, spring spelling period still yielded
less than Rere with no cool-season treatment by early Jan-

uvary, 1984, a difference of 40% (Table 3.2).

3.6.2 Shoot Length

No Cool-Season Treatment - Rere was significantly taller that

Wairau from March 1982 to September 1983, although this dif-
ference in shoot length was greatest from November 1982 to
April 1983. During this November to April period, shoot
length of Wairau began to decline after a peak in November,
but the shoot length of Rere remained more or less constant

from late October to late January before declining (Fig. 3.2).
There was no significant difference in the shoot
length of the two cultivars from October 1983 to January

1984 (Fig. 3.2).

June Grazing Treatment - Rere grazed in June was not signifi-

cantly taller than Wairau grazed in June except on January

25, 1983, when Rere was 30% taller (Table 3.3). On September
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Table 3.3: Mean crown shoot length of Wairau and Rere in the
1982/83 season under four cool-season management
treatments.

Treatment Shoot length (cm)
Sept 9 Oct 20 Dec 9 Jan 25
Wairau O 8 28 25 19
J 8 31 30 23
S 8 15 23 29
Js 8 9 28 20
Rere 0 10 35 38 38
J 9 29 34 34
S 10 14 32 33
Js 9 12 34 31
CV&% 10.6 10.8 15.9 15.5
SE 0.9 2.3 4.6 4.3

Table 3.4: Mean crown shoot length of Wairau and Rere in the
1983/84 season under four cool-season management
treatments,

Shoot length (cm)
Treatment Sept 30 Nov 1 . Jan 9
Wairau O 21 42 61
J 26 47 59
S 21 40 48
JS 24 39 43
Rere 0 25 52 73
J 21 40 57
S 24 45 58
JS 20 39 46
CV% 8.9 16.7 11.3
SE 2.1 4.7 6.3
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30, 1983, Wairau was significantly taller than Rere when

both were grazed in June (Table 3.4).

Shoot length of Wairau grazed in June was not
significantly different from that of Wairau spelled in June
until September 30, 1983. On this sampling date, Wairau
grazed in June was 20% higher than Wairau spelled over June.
This difference was not significant by November 1983
(Table 3.4). On October 20, 1982, Rere grazed in June was
10% shorter than Rere spelled in June, but this difference

was not significant by December 9, 1982 (Table 3.3).

There was no significant difference in the
shoot length of June-grazed and June-spelled Rere on Septem-
ber 30, 1983, but by November 1, 1983, Rere grazed in June
was 20% shorter than Rere spelled in June. There was a
similar 20% difference in shoot length of Rere on January 9,

1984 (Table 3.4).

Short, Spring Spelling Treatment - In mid-October 1982, Wai-

rau, subjected to a short spelling period in spring, was 46%
shorter than Wairau with no cool-season treatment. This
difference was not significant by December 9, 1982

(Table 3.3). 1In early January 1984, Wairau that had been
given a short spelling period in spring was only 20% shorter

than Wairau with no cool-season treatment (Table 3.4).

A similar trend in treatment effect on shoot

length was observed in Rere stands in both seasons (Tables 3.3,

3.4).
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June Grazing + Short, Spring Spelling Treatment - Combining

June grazing and a short, spring spelling period produced
similar trends in shoot length of both cultivars as that
observed with dry matter yields. In October 1982, shoot
lenéth of Wairau and Rere grazed in June with a short, spring
spelling period was 66% shorter than Wairau and Rere with no
cool-season treatment. Recovery of both cultivars was com-~
plete by early December (Table 3.3). On January 9, 1984,
Wairau grazed in June with a short spelling period in spring,
was 30% shorter than Wairau with no cool-season treatment

(Table 3.4).

In late September 1983, Rere grazed in June with
a short, spring spelling period was 20% shorter than Rere
with no cool-season treatment. This treatment difference
had increased to 25% by November 1, and by January 9, 1984,
this difference in shoot length between these treatments had

increased further to 37% (Table 3.4).

3.6.3 Shoot Number

No Cool-Season Treatment - Wairau had significantly more

crown shoots per plant than Rere throughout the trial except
from September to mid-December, 1982 (Fig. 3.3). Apart
from this spring period, the difference in shoot number per
plant of these two cultivars remained more or less constant

during the remainder of the trial period (Fig. 3.3).
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Table 3.5: Shoot number per plant of Wairau and Rere in the
1982/83 season under four cool-season management
treatments.

Shoot number (plant‘l)
Treatment

Sept 9 Oct 20 Dec 9 Jan 25
Wairau O 7 6 12 14
J 10 7 13 14
S 7 11 15 14
JS 10 11 12 13
Rere o 7 5 8 10
J 8 5 7 9
S 7 8 6 8
Js 8 7 7 7
CVs 7.8 8.4 22.5 13.8
SE 0.6 0.7 2.3 1.0
Table 3.6: Shoot number per plant of Wairau and Rere in the
1983/84 season under four cool-season management
treatments.
Shoot number (plant‘l)
Treatment Sept 30 Nov 1 Jan 9
Wairau O 9 13 13
J 10 13 13
S 9 11 13
JS 11 11 12
Rere 0 4 8 8
J 4 6 7
S 4 7 7
Js 4 5 5
CVsg 10.4 14.6 10.0
SE 0.7 l.6 0.8
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June Grazing Treatment - There was no significant effect

of the June grazing on shoot number per plant of either

cultivar during the trial (Tables 3.5, 3.6).

Short, Spring Spelling Treatment - In mid-October 1982,

shoot number per plant of Wairau and Rere given a short,
spring spelling period, was significantly greater than that
of Wairau and Rere with no cool-season treatment. This
difference was not significant by early December 1982

(Table 3.5). There were no significant treatment effects

on shoot number per plant between or within cultivars in the

second season (Table 3.6).

June Grazing + Short, Spring Spelling Treatment - On January

25, 1983 and in early January 1984, Rere grazed in June with
a short, spring spelling period had over 30% fewer shoots
per plant than Rere with no cool-season treatment. There
was no such treatment effect on shoot number of Wairau

(Tables 3.5, 3.6).

3.6.4 Internode Length

No Cool-Season Treatment - The only significant difference

in mean internode length of Wairau and Rere was from late
April 1982 to mid-June 1982 when internode length was 44%
longer in Rere (Table 3.7). Internode length increased as

yvield increased (Table 3.8).
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Table 3.7: Mean internode length per shoot of Wairau and
Rere under four cool-season management treatments.
Internode length (cm)
Wairau Rere
0] J S Js O J S Js CVs% SE
1982
April 25 1.8 3.2 15.1 0.37
June 13 0.9 0.9 0.9 0.9 1.6 1.6 1.6 1.6 14.0 0.18
Sept 9 1. 2.0 15.7 0.27
Oct 20 3. . . . 17.9 0.62
Dec 9 4.4 4.8 4.3 3.5 5.3 4.7 4.9 5.3 14.9 0.69




Table 3.8: Regression eguations of shoot number per plant
and internode length on dry matter yield for
Wairau and Rere lucerne in Trial 1 obtained
from 1982 harvest data.
* - significant r value at 5% level.

X-variate Y-variate Cultivar Regression Egquation
Lucerne Shoot no. Wairau Y = -0.0056X + 26.6280
dry ‘per plant r = 0.86%
matter Rere Y = -0.0019X + 12.4051
yleld r = 0.72%
(kg ha-1) y
Internode Wairau Y = 0.0046X + 14.5923
length r = 0.83%
(cm) - .
Rere Y = 0.0058X + 22.4389

r = 0.79%
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June Grazing Treatment - Wairau grazed in June had longer

internodes than Wairau spelled in June on September 9 and
October 20, 1982, Rere grazed in June had longer inter-
nodes than Rere spelled in June on October 20, 1982.

There were no significant cultivar differences due to the

June grazing (Table 3.7).

Short, Spring Spelling Treatment - there were no significant

treatment or cultivar differences in internode length due to

the short, spring spelling period (Table 3.7).

June Grazing + Short, Spring Spelling Treatment - During 1982,

the internode length of Rere grazed in June with a short,
spring spelling period was not significantly shorter than
that of Rere with no cool-season treatment. However, on
October 20, 1982, Wairau grazed in June with a short spelling
period in spring was 50% shorter than that of Wairau with no
cool-season treatment, This difference was not significant

by December 1982 (Table 3.7).

3.6.5 Shoot Length Distribution

‘No Cool-Season Treatment - Lengths of Wairau shoots on

September 9, 1982, were more closely grouped around the mean
shoot length than those of Rere. There appeared to be three
height groups in Rere with central means of 3 cm, 11 cm and
18 cm repsectively (Fig. 3.4). This greater variability

in shoot length of Rere was observed as a between and within

plant variation.



Percentage

Percentage

37

40 .
T Jr.s.p. (P >0.05) IL.S.D. (P >0.05)
30 4 o
a b
20 “ -~
lO = L
O \ ;B T (] .m_= ¥ 1] i ¥
40 4
IL.S.D. (P >0.05) | [r.s.0. (@ >0.05)
30 4 c . d
20 9 -
10 - )
0 w3 =%
0 4 8 12 16 20 0 4 8 12 16 20
Shoot length (cm) . Shoot length (cm)
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- June Grazing Treatment - Grazing Wairau in June did not sig-

nificantly alter the distribution of shoot lengths on
September 9, 1982, from that of Wairau spelled in June

(Fig. 3.4b) . However, the distribution of Rere shoots grazed
in June was closer to a normalised curve on September 9,
1982, than Rere spelled in June. The three different size
classes observed in Rere spelled over June were not obvious

in Rere grazed in June (Fig. 3.44d).

3.6.6 Plant Numbers

No Cool-Season Treatment - Plant density of Rere was signifi-

cantly lower than that of Wairau throughout the trial. Plant
numbers declined by 22% in Rere and by 18% in Wairau from
April 24, 1982 to November 1, 1983 (Table 3,9). Wairau
declined by 9% each year, but Rere dropped in plant density
by 15% from 1982 to 1983. However, in the final year, 65%
of Rére plants counted on Novémber 1, 1983, were dying or
producing little. Only 3% of Wairau plants were in this

category at this time (Table 3.10).

June Grazing Treatment - The June grazing treatment did not

affect plant densities of either cultivar during the trial.
However, on November 1, 1983, a number of plants counted were
dying or producing little, especially in Rere stands. There
was no significant difference in ;he number of Wairau plants
dying or producing little when grazed or spelled in June.
However, when Rere had been grazed in June, 80% of the total

plant population in early November 1983 were dying or pro-
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Table 3.9: Plant populations of Wairau and Rere under four
cool-season management treatments.
Plant population
(plants m—2)
Wairau Rere CVs SE
1982
April 24 132 132 132 132 93 93 93 93 4.3 6.
1983
April 25 120 114 120 118 79 76 70 75 11.1 9.
Nov 1 108 106 105 116 72 59 65 63 8.5 6.
Table 3.10: Total plant population and vigour of Wairau and
Rere on November 1, 1983, under four cool-
season management treatments. Percentages
transformed by arcsin (vX/100) before analysis.
Plant vigour
(% of total plant population)
Treatment tg?ﬁﬁigﬁﬁif
Group 1 Group 2 Group 3 Group 4 (plants m-2)
Wairau 0 0% 3% 25% 72% 108
J 0 2 26 72 106
S 0 3 22 © 75 105
JS 1 4 27 68 116
Rere 0 14 51 32 3 72
J 22 58 19 1 59
S 16 57 25 2 65
JS 23 58 18 1 63
cve 15.8 10.4 16.5 9.2 8.5
SE 3.1 3.0 4.8 4.2 6.4
Key: Group 1 = 0-10% crown buds per plant healthy
Group 2 P 10_40% " 1] n n "
GrOup 3 — 40_70% w " n " ¥
Group 4 = 70-100% " " " " "
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ducing little dry matter, a significantly greater proportion

than when Rere was spelled in June (Table 3.10).

Short, Spring Spelling Treatment - The short spelling period

in spring did not affect plant densities of either cultivar
during the trial (Table 3.9). Neither was plant vigour in
early November 1983 affected by this short, spring spelling

period (Table 3.10).

June Grazing + Short, Spring Spelling Treatment - Grazing

Wairau in June together with a short spelling period in
spring did not cause any greater decline in plant numbers
than that of Wairau with no cool-season treatment (Table 3.9).

Vigour of Wairau was not affected (Table 3.10).

Although the grazing in June with a short,
spring spelling period did not reduce Rere plant numbers
more-~so than any other treatment (Table 3.9), vigour of Rere
subjected to this treatment was lower than that of Rere
with no cool-season treatment (Table 3.10). However,
grazing Rere in June and with a short spelling period in
spring did not significantly reduce plant vigour more than

that of Rere only subjected to a June grazing (Table 3.10).
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3.6.7 Weed Ingress

No Cool-Season Treatment - During the trial, the major weed

species were storksbill (Erodium circutarium) and shepherd's
purse (Capsella bursa-pastoris). There was an absence of
weeds in all plots from March 1982 to June 1982 and in March
1983, due to a combination of drought and weed dormancy dur-
ing this period. On June 21, 1983, Rere was 60% lower in
weed content than Wairau although variation between replicates
was high (Appendix 8). There were no other significant
cultivar differences in weed content. Weed content of both
cultivars dropped drastically from October-November to

December~January in each year (Table 3.11).

June Grazing Treatment - On October 20, 1982, Wairau grazed

in June was 28% lower in weed content than Rere grazed in
June. This difference was not significant by December 9,
1982, In the followiﬁg season on November 1, 1983, Wairau
grazed in June was 40% lower in weed content than Rere
grazed in June. This difference in weed content had

increased to 90% by January 9, 1984 (Table 3.11).

By October 20, 1982, Wairau grazed in June was
lower in weed content than Wairau speiled in June, In con-
trast, Rere grazed in June was higher in weed content than
Rere spelled in June. However, by December 9, 1982, none
of these differences in weed content were significant
(Table 3.11). There were no significant treatment or cultivar

effects on weed content on November 1, 1983, but by January



Table 3.11: Weed content of Wairau and Rere in
the 1982/83 and 1983/84 seasons under
four cool-season management treatments.

Weed content
(¢ total DM yield)

Treatment 1982 1983 1984

Oct 20 Dec 9 Nov 1 Jan 9
Wairau O 59 6 43
J 48 19 36

S 25 27 38 15

JS 32 24 43 39

Rere ) 55 18 42 16

67 23 59 35

S 19 35 56 35

Jds 36 34 59 47

CvVs- 9.9 39.9 21.2 26.9

SE 4.5 10.9 10.0 8.7
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9, 1984, weed content of Wairau, spelled or grazed in June,
was below 4% of total dry matter yield (Table 3.11).

Weed content of Rere spelled in June was not significantly
higher than that of Wairau at this time. However, Rere
grazed in June was significantly higher in weed content
than Wairau spelled or grazed in June and Rere spelled in

June (Table 3.11).

Short, Spring Spelling Treatment - On October 20, 1982,

Wairau and Rere given a short, spring spelling period, were
significantly lower in weed content than Wairau and Rere
with no cool-season treatment. This difference was not

significant by early December 1982 (Table 3.11).
There were no other significant cultivar or
treatment differences in weed content due to the short,

spring spelling period (Table 3.11).

June Grazing + Short, Spring Spelling Treatment - Combining

June grazing and the short spelling period in spring did not
cause any significant cultivar differences in weed content

of plots (Table 3.11).

In October 1982, Wairau given a June grazing
together with a short spelling period in spring, was 45%
lower in weed content than Wairau with no cool-season treat-
ment. A similar treatment difference was observed in
Rere, although only a difference of 34% (Table 3,11).

These differences were not significant by early December
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1982. However, in early January 1984, weed content of
both cultivars grazed in June with a short, spring spelling
period was much greater than that of Wairau and Rere with

no cool-season treatment (Table 3.11).

3.6.8 Aphid Numbers

No Cool-8Season Treatment - There were no cultivar differ-

ences in aphid numbers in April 1982 (Appendix 9), and

aphids were not found from June to early September, 1982,

From late September to late November 1982,
aphid numbers (per g DM lucerne) on Wairau were 50% higher
than those on Rere (Table 3.12). Expressing aphid populat-
ions as number per g DM lucerne gave results with lower CV %'s
than when expressed as number per shoot and brought out sig-
nificant differences in aphid numbers on September 25 and

November 27, 1982 (Tables 3.12, 3.13).

June Grazing Treatment - From September 25 to October 19,

1982, there were fewer aphids on Wairau and Rere grazed in
June than when spelled in June. These differences were not
apparent by November 27, 1982. During this same period,
aphid numbers were lower on Rere grazed in June than on
Wairau grazed in June, but again these differences were not
significant by November 27, 1982 (Table 3.12). As expected
from this, there was no effect of June grazing on aphid

feeding damage scores on December 8, 1982 (Table 3.14).
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Table 3.12: Spring aphid populations (no. g_l DM lucerne)
on Wairau and Rere under four cool-season
management treatments. Data analysed after
transformation by 1oge (x + 1).

Aphid number

(per g DM lucerne)

Wairau Rere
0 J S Js 0 J S8 Jgs Cvs SE

1982

Sept 25 10 7 0 0 5 1 0 0 12,3 1.1
Oct 1 36 16 0 0 14 7 0 0 13.3 2.7
Oct 19 116 36 2 3 58 20 3 2 15.1 5.1
Nov 27 99 89 92 100 49 37 28 50 20.0 18.9

Table 3.13: Spring aphid populations (no. shoot—l) on
Wairau and Rere under four cool-season
management treatments. Data analysed
after transformation by log, (x + 1).

Aphid number

(per shoot)

Wairau Rere
O J S JS 0 J s JS CvV% SE

1982
Sept 25 4 3 0 0 3 1 0 19.2 2.0
Oct 1 15 8 0 0 9 4 0 28.4 2.1
Oct 19 87 29 1 0 44 18 1 21.5 4.0
Nov 27 39 40 45 45 35 24 18 28 31.5 10.7
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Table 3.14: Score of aphid feeding damage on December 8 1982
to Wairau and Rere under four cool-season manage-
ment treatments. Data are means of three signs
of feeding damage. Statistical analysis of data
after transformation by arcsin (VX).

Aphid feeding damage

Walrau Rere
(0] J S JS 0] J S JS CV% SE

Score(/5) 1.6 1.3 1.5 0.9 1.2 1.1 1.1 0.9 19.3 0.28
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Short, Spring Spelling Treatment - Very low aphid numbers

were observed on both cultivars from late September to late
October, 1982, when given a short, spring spelling period
(Table 3.12). However, when Wairau and Rere were not given

a short, spring spelling period, aphid numbers rose to a very

high level by mid-October, 1982 (Table 3.12).

Spring aphid flights in November caused a rapid
increase in Wairau and Rere that had been given a short,
spring spelling period. As a result, there were no signifi-
cant treatment differences by November 27, 1982 (Table 3.12).
There was no significant reduction in aphid feeding damage
in early December 1982 to either cultivar when subjected to

the short, spring spelling period (Table 3.14).

June Grazing + Short, Spring Spelling Treatment - Wairau and

Rere grazed in June with a short spelling period in spring
remained aphid-free until spring aphid flights in November.
This effect on aphid numbers was algo obtained by giving

Wairau and Rere a short, spring spelling period without the

June grazing (Table 3.12).

3.6.9 Plant Death

In the final year of the trial, extensive plant
death occurred, particularly in Rere stands (Table 3.10).
This plant death was due to an unidentified disease problem.
Disease symptoms were typical of Verticillium wilt (Verti-

e11lium albo-atrum) with older shoots wilting and dying off,
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resulting in crown damage from invasion of secondary patho-
gens. However, isolations for fungi from necrotic tissue

did not show the presence of Verticillium (Appendix 13).

Also in the final year of the trial, scotch
thistle (Cirsium vulgare) began to invade plots, but thistles
were only found in Rere plots. There were significantly
more thistles in stands of Rere that had been grazed in June
and/or with a short, spring spelling period than Rere with no

cool-season treatment (Table 3,15).



Table 3.15: Counts of scotch thistle (Cirsium vulgare)
on January 9, 1984, Data transformed by
VX before analysis.

49

Thistle number
(plants plot—1)

Wairau Rere
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CHAPTER 4

TRIAL 2

4.1 INTRODUCTION AND AIM

It is generally thought that lucerne relies upon
root reserves for initial growth after defoliation. For
this reason, any factor that reduces root reserves will
have a pronounced effect on regrowth. Carbohydrate
status in the taproot of lucerne is particularly important
in early spring when conditions for growth are becoming
optimal. In Trial 1, it was found that grazing the
winter-active cultivar Rere in the cool-season resulted in
lower yields than Wairau (when under similar management)
from October through to early December. Rere spelled from
April to October outyielded Rere grazed in June from mid-
October to late December. It is suggested that greater
growth of winter-active cultivars in the cool-season may
result in lower carbohydrate reserves than winter-dormant
cultivars by June and after a defoliation in June, root
reserves would be utilised for regrowth. By spring, car-
bohydrate reserves will be lower in winter-active culti-
vars than winter~dormant cultivars and as a result yields
of winter-actives will also be lower (as found in Trial 1).

Trial 2 was established to test this hypothesis.
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4.2 LOCATION AND CULTURAL DETAILS

The trial was drilled on October 23, 1981, in an
area adjacent to Trial 1 (Plate 5). Four lucerne culti-
vars, Saranac, Wairau, Rere and Matador, ranging from low
to high cool-season activity respectively, were sown at
10 kg ha_l in a randomised block design with four replicates
of each cultivar giving a total of 16 plots (each 108 m2).
The history of the trial area was the same as Trial 1.
Lime (5,000 kg ha-l) and superphosphate (500 kg ha—l) was
applied in 1979. Establishment of Wairau was unacceptably
low early in 1982 and seed was hand raked into Wairau plots
in March, 1982. The area was rotationally grazed as in
Trial 1, with each grazing commencing after grazing in
Trial 1 was completed. All plots were grazed in early
July 1982 and mid-September 1982. Sheep numbers were suf-
ficient to grazé herbage down to not more than 3 cm after
10 days, although in July the grazing period was reduced to

5 days due to lack of growth.

4.3 SAMPLING

Due to differences in plant populations between culti-
vars (Table 4.1), areas were selected with similar plant
densities in all plots and were then sampled for dry matter

and root carbohydrate determination.



Plate 5: General view of Trial 2, one week after
the end of the grazing period.
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Table 4.1: Population counts of Saranac, Wairau,
Rere and Matador on April 24, 1982.

Plant population
(plants m—2)

oo

Saranac Wairau Rere Matador CcvV SE

94 32 82 122 31 26
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Prior to grazing in early July, four 0.1 m2 quadrats
were cut at 3 cm height and herbage from each quadrat
bulked. This material was then subsampled by the quarter-
ing method (Boswell, 1975).and oven-dried as in Trial 1 to

determine dry matter yield.

Immediately after the end of the July grazing, 30
plants from each plot were removed by excavating to a depth
of 30 cm. After washing, the fibrous roots and crowns were
removed and discarded. The top 20 cm of each taproot was
diced and a 500 g sample homogenised in a Wareing blender
with 500 ml of hot ethanol. The homogenate was filtered
through a vacuum flask and the ethanol extract analysed for
soluble carbohydrate by high pressure liquid chromatography
(Waters HPLC Inc., Massachusetts, U.S.A.). The residue
from the filtration of the homogenate was analysed for starch
content by the Clegg-Anthrone method (Clegg, 1956) using a
Shimadzu spectrometer (Shimadzu Corp., Kyoto, Japan) to
measure absorbances. The remaining fresh, diced root
material was used to determine dry matter percentage.
Sampling for determination of dry matter yield and carbo-

hydrate content of taproots was repeated in late September.

4.4 RESULTS

In July 1982, starch content of taproots was higher
in Saranac and Wairau than in the more winter-active culti-
vars, Rere and Matador. In contrast, the dry matter yields

of Saranac and Wairau were significantly less than that of
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Rere and Matador (Table 4.2). By late September 1982,
starch content in the taproot of Saranac was 50% lower

than in July 1982, However, as winter-activity of the
lucerne cultivar increased, so did the decrease in starch
content from July to September. Starch content in the
taproot of Matador and Rere by late September 1982 was

very low. Matador and Rere yielded 30% less than Wairau and
Saranac at this time (Table 4.2). Ethanol-soluble carbo-
hydrate contributed little to total nonstructural carbo-
hydrate (TNC) and varied little between cultivars and

sampling date.



Table 4.2: Non-structural carbohydrate content of taproots
and dry matter yield of Saranac, Wairau, Rere
and Matador on two sampling dates in 1982,

56

Non-structural carbohydrate
content
(g glucose g-1 DM root)

Starch Ethanol-soluble
carbohydrate

July 15 Sept 27 July 15 Sept 27

Yield
(kg DM ha 1)

July 15 Sept 27

Saranac 0.31 0.14 0.05 0.02
Wairau 0.23 0.08 0.05 0.03
Rere 0.12 0.02 0.05 0.02
Matador 0.11 0.01 0.06 0.02
CV% 8.4 10.2 9.8 36.1

SE 0.010 0.006 0.005 0.007

760 1220
890 1160
1220 820

1750 830

10.1 7.7
117

78
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CHAPTER 5

TRIAL 3

5.1 INTRODUCTION AND AIM

In Trial 2, the effect of a July grazing on September
root reserves and dry matter yield depended on the winter-
activity of the cultivar. However, information was needed
on the carbohydrate status of the lucerne taproot when
growth slows before the onset of the cool-season. It
would then be possible to determine if lower root reserves
of winter-active cultivars by July was due to a greater

growth rate than winter-dormant cultivars.

It was also essential to determine if winter-active
cultivars could recover as well as winter—dormént cultivars
from a July and September defoliation. In Trial 2, how-
ever, the number of harvests was limited by the small num-
ber of equally spaced plants in plots. In this trial,
spacing was strictly controlled and replication was
increased. The aim of the field experiment described here
was to obtain more information on the seasonal trends of

root reserves of cultivars varying in winter activity.
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5.2 LOCATION AND CULTURAL DETAILS

In mid-August 1982, pelleted and inoculated seed of
Saranac, Wairau, Rere and Matador was sown into tubelings
(alkathene pipe, 10 cm long and 2.5 cm diameter) filled
with a peat-soil-sand mix. The resultant plants were
thinned to one per tubeling and topped when above 15 cm.
Topping was continued until early January to ensure roots
had formed a compact structure that would remain in a
tubular shape when removed from tubelings ready for plant-

ing into the trial area during January 10-13, 1983 (Plate 6).

The four cultivars were planted at 15 cm spacings with
30 cm between plots using special planting eguipment
(Plate 7). Establishment of all plants was good with
negligible plant mortality. No fertiliser was applied
during the trial as the area had a recent history of horti-
cultural crops and nutrient levels'and pPH were considered
adequate for lucerne (Appendix 14). The trial was
sited in an area referred to as the 'Vege area' on Wakanui

soil, in the Lincoln College grounds (Plate 8).

Trial 3 was a randomised block design with 16 repli-
cates of each cultivar giving a total of 64 plots,
There were 64 plants per plot in an 8 x 8 arrangement. Four

guard rows of Wairau were planted around the trial area.

The trial was irrigated with an overhead sprinkler
applying 50 mm every second day from planting until January

30, 1983. All plots were hand weeded on January 30 and the



Plate 6: Young lucerne plant in tubeling and removed,
ready for planting into the trial area.



Plate 7:

Planting frame, dibber and young lucerne
plants in tubelings used in establishing
Trial 3.
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Plate 8: General view of Trial 3, four weeks
after establishment.
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the trial was then cut to 3 cm in height. There was no

further irrigation of the trial.

Plants were spelled until March 23, 1983, to ensure
carbohydrate storage in lucerne roots was unimpaired during
this period which is considered the time when carbohydrate
storage 1s greatest to ensure survival through the cool-

season and good growth in spring (Smith, 1968).

5.3 SAMPLING

On March 23, 1983, shoot number per plant was recorded
from eight plants randomly selected from the first two rows
of each plot. These plants were then excavated to a depth
of 30 cm by using a 5 cm soil corer to remove taproots.
Taproots were prepared and analysed for nonstructural carbo-
hydrate as in Trial 2 éxcept soluble carbohydrates were
measured together with starch by the Clegg-Anthrone method
and not separately by high pressure liquid chromatography.
High pressure liquid chromatography was not available in
1983 and soluble carbohydrates also contributed little to
TNC. A 0.1 m2 guadrat was selectively chosen from each
plot for determination of dry matter yield and mean shoot
length as in Trial 1. All herbage was then cut to 3 cm in

height.

However, excavating plants with the soil corer proved
to be costly in time. In the next three harvests during

1983 on August 4, September 10 and October 23, rows 3, 5
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and 7 respectively in each plot were excavated with a
spade to a depth of 30 cm. These plants were used to
determine taproot TNC. Dry matter yield, shoot length

and shoot number per plant were measured as before.

5.4 RESULTS

The winter-active cultivars, Rere and Matador,
yielded significantly more than the winter-dormant culti-
vars, Saranac and Wairau on March 23 and July 4, 1983.

On September 10, Saranac and Wairau yielded 50% more than
Rere and Matador, but by October 30 there was no signifi-
cant difference in the yield of the four cultivars

(Table 5.1). From March 23 to October 30, Saranac and
Wairau produced significantly more crown shoots per plant
than Rere and Matador, but as yields increased in spring
as temperaﬁures became warmer, the number of crown shoots

per plant of all four cultivars decreased (Table 5.1).

Rere and Matador were taller than Wairau and Saranac,
except on September 10, following a similar trend to dry
matter yields in March and July, although the winter-active
cultivars were not significantly taller than Wairau and

Saranac by October 30 (Table 5.1).

There were no significant differences in the TNC con-
tent of taproots of Saranac, Wairau, Rere and Matador on
March 23. TNC levels were 19% to 22% by weight at this

time. By July 4, TNC level in Saranac had increased to
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Table 5.1: Dry matter yield, shoot number per plant, shoot
length and total nonstructural carbohydrate (TNC)
content of taproots of Saranac, Wairau, Rere and
Matador on four sampling dates in 1983.

Yield Shoot number Shoot length T.N.C.
(kg DM ha'l) (per plant) (cm) (g glucose
g-1 DM root)

March 23
Saranac 1390 15 37 0.22
Wairau 1520 i3 39 0.20
Rere 2170 8 53 0.19
Matador 2540 7 57 0.21
CV% 5.2 2.8 3.1 3.3
SE 101 1.0 3.8 0.018
July 4
Saranac 710 19 8 0.33
Wairau 910 20 10 0,27
Rere 1480 11 17 0.16
Matador 1670 9 20 0.14
CV% 4.3 4.0 4.5 3.8
SE 51 0.6 1.4 0.010
Sept 10
Saranac 2850 11 15 0.16
Wairau 2960 10 16 0.13
Rere 1540 . 6 10 0.03
Matador 1320 5 8 0.03
CV% 4.9 3.2 4.2 4.8
SE 74 0.9 1.8 0.003
Oct 30
Saranac 3840 9 44 0.19
Wairau 3970 10 46 0.18
Rere 3830 5 58 0.18
Matador 3590 6 55 0.18
CV$% 5.8 3.5 5.0 4.4
SE 122 1.2 4.0 0.010
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33% and in Wairau, a smaller increase to 27%. However,
TNC level for Rere and Matador had dropped to 16% and 14%
respectively (Table 5.1). On September 10, TNC content
of Saranac and Wairau was 50% lower than on July 4 but for
Rere and Matador, TNC content was only 3%, a decrease from
July 4 of approximately 75%. By October 30, TNC level

in taproots of the four cultivars had increased from
September 10, but by a greater amount in the winter-active
cultivars, Rere and Matador. There was no significant
difference in TNC level of taproots of the four cultivars

by this date (Table 5.1).
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CHAPTER 6

DISCUSSION AND CONCLUSION

6.1 DISCUSSION

It is generally agreed that lucerne relies on root
reserves for regrowth (Graber, Nelson, Luekel and Albert,
1927); Nielsen and Lysgaard, 1956; Hodgkinson, 1967),
although a direct relationship between root reserves and
bud growth has never been shown. However, there is over-
whelming indirect evidence to suggest such a relationship
exists. This evidence ranges from relationships between
rate of shoot regrowth and carbohydrate concentration in the
taproot (Graffis, 1960; Leach, 1968) to the effect of
frequent defoliations on subsequent growth and carbohydrate

reserves (Langer, 1973; Wolf, 1978).

In the farming situation, early spring production is
important to meet the high livestock feed requirements at
this time. Due to the relation between regrowth and root
TNC, high spring production may also be dependent on an
adequate supply of carbohydrate reserves. 1In March, as the
cool-season began, there was no difference in taproot TNC
of winter-active and winter-dormant cultivars (Table 5.1).
However, by July, taproot TNC of winter-actives was 50% lower
than that of winter dormants, and this difference is most
likely due to the greater growth rate of winter-actives from

March. This greater usage of taproot TNC by winter-actives
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during the cool-season was also observed by Christian (1977).

Taproot TNC of winter-actives in July was approaching
12%, which Smith (1968) found to be a minimum for optimal
regrowth. Active growth and utilisation of reserves of
winter-actives continues through to early spring with little
or no storage of reserves in the root. This leads to very
low spring root reserves (Table 5.1) and consequently, lower
spring production of winter—activés compared to the spring
production of winter-dormant cultivars which maintain high
taproot TNC during the cool-season (Table 5.1).
Tiharuhondi (1974) found that Florida 66 produced more dry
matter in spring than a more winter-active cultivar, African.
Tiharuhondi related this spring yield advantage to the greater

root reserves of Florida 66 in spring.

In Trial 1, Wairau outyielded the more winter-active
Rere in the early spring of 1981 and 1983. 1In the 1982
spring there was no yield difference between the two culti-
vars. However, soils were near wilting point for much of the
1982 winter and under these conditions, plants become virtually
dormant. Consequently, the difference in taproot TNC usage
between Wairau and Rere will be less than that during a wetter

winter when moisture is not limiting active growth of Rere.

However, Palmer (1959) concluded that winter-active
cultivars should yield as much, if not more, than winter-
dormant cultivars in spring. He suggested that growth during

the cool-season takes advantage of moisture levels that may
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not be adeguate for growth later in the season. Indeed,

this is supported by the equivalent yield of Wairau and Rere
in the 1982 spring following the dry 1982 winter. It is
apparent that carbohydrate reserves will not influence spring
yields when growth is limited by some other factor such as

low moisture levels, Nevertheless, Palmer went further to
suggest that winter-actives will be taller than winter-
dormants in spring and able to intercept more incident light.
Consequently, winter-actives will have faster spring regrowth
than winter-dormants because of greater light interception.
However, there was no highly significant difference in shoot
length of Waiau and Rere in the 1982 or 1983 spring (Fig. 3.2,
Table 5.1). Wairau also had more crown shoots per plant than
Rere in spring (Table 5.1). This should compensate for any
differences in light interception attributable to differences

in shoot length between Wairau and Rere.

Leach (1968) and Nelson and Smith (1968) observed
lucerne yield was dependent on the number of shoots resuming
growth at different times. When a greater number of buds
began regrowth over a short period, yield was greater than
when bud growth was spread over a longer time interval.

From Fig. 3.4 it can be seen that regrowth of Rere in spring
is more staggered than that of Wairau, i.e. shoot length
distribution of Wairau is more closely grouped about the mean
than in Rere. Nevertheless, differences in spring vyield
between Wairau and Rere in 1981 and 1983 cannot be explained
by this difference in regrowth synchrony. This difference

in regrowth synchrony between Wairau and Rere was observed
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throughout the trial even when Rere outyielded Wairau and mid-
winter grazing of lucerne did not significantly alter the
shoot length distribution of either cultivar in spring

(Fig. 3.4), although Rere yielded significantly less than

Wairau when grazed in mid-winter.

Spring yield of Rere grazed in June was significantly
less than Rere spelled in June (Tables 3.1, 3.2). However,
by spring, June-grazed Wairau did not yield less than Wairau
spelled in June (Tables 3.1,3.2), and in 1982, June-grazed
Wairau yielded significantly more in spring than Wairau spelled
in June. Grazing Wairau in the dry 1982 winter most likely
removed competition for moisture from weeds (Table 3.11).

The inability of Rere to recover from a winter defoliation by
spring is related to low carbohydrate reserves in spring

(Table 5.1). Greub and Wedin (1971) also found that winter-
active cultivars were unable to restore root reserves after a

winter defoliation.

When Rere is grazed in June, the pfoportion of weeds
in the spring production increased significantly compared with
production from Rere spelled in June and Wairau spelled or
grazed in June. The very low spring root reserves of Rere
when defoliated in mid-winter (Table 5.1) are associated with
a decline in spring yield and increases the area of bare
ground available for colonisation by weeds. Smith (1968)
found that a mid-winter defoliation of lucerne resulted in
lower spring yields and lucerne was higher in weed content in

spring than lucerne spelled over winter. This decline in
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vigour was attributed to a reduction in root reserves.

However, in Trial 1, grazing Wairau in June did not
increase spring weed content compared to Wairau spelled in
June. It is likely that a mid-winter defoliation only
increases spring weed content of lucerne stands when lucerne
is already low in vigour such as when root reserves are at a
low level. The effect of the June defoliation on Rere can
therefore be likened to that of frequent or premature
defoliations, as observed by Langer (1968). When lucerne is
cut frequently or at an immature stage, root reserves are
diminished (Smallfield, White and Penman, 1980), plant vigour
and yield declines (Cosgrove, 1978) and weed invasion of

stands begins (Langer, 1973).

Grazing lucerne in mid-winter is also a means of reducing
overwintering aphid populations and delaying their spring
build-up (Trought and Kain, 1977; Penman, Rohitha, White and
Smallfield, 1979). This is supported by lower, early spring,
BGLA numbers on both cultivars when grazed in June compared to
lucerne spelled in June (Table 3.12). However, Rere was bred
for resistance to BGLA and PA, and grazing in June as a means
of aphid control alone should not be necessary for Rere
although there was no difference in aphid feeding damage to
Wairau and Rere in December 1982 (Table 3.14). However, pro-
duction losses due to aphid feeding were not measured. It
is possible that Rere has tolerance rather than resistance to
BGLA feeding damage and although feeding damage signs were

apparent, there was no loss of production.
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The effect of the June defoliation on spring yields,
weed ingress and aphid numbers is also said to be dependent
on the timing of the spring defoliation (Smallfield, 1982).
Janson (1975) found that early spring production was great-
est when lucerne was spelled over the winter period.
Grazing in mid-June decreased spring production and winter
production did not compensate for this loss. Indeed, in
Trial 1, grazing Rere in June did not compensate for the
reduction in spring yield caused by this cool-season defoliat-
ion (Tables 3.1, 3.2). However, Wynn-Williams (1976) and
Smallfield et al. (1980) found that the winter defoliation had
little or no effect on early spring production. Production
from lucerne spelled over winter did not compensate for feed

lost through frosting.

Smallfield et al. (1980) suggests that it is only under
an early spring harvesting regime (as used by Janson) that
winter grazing significantly reduces early spring yield.'

If harvesting is delayed until October, yield differences
disappear. However, in the grazing trial, spring yield of
Wairau was not depressed by a June grazing when the spring
harvest was early, although yield depression did occur in

Rere (Table 3.1). It is more likely that the effect of a
winter defoliation on spring yields is dependent on autumn root
reserves rather than the time of the spring harvest. These
autumn root reserves need to be high to buffer the effects of

winter defoliations (Chatterton et al., 1977).



72

In the final year of Trial 1, lucerne was not harvested
in spring until early October. The effect of the June
grazing on early spring production of Wairau had disappeared
by October in this final year, although the depressive effect
of the winter defoliation on spring yields was still apparent
in Rere by early January 1984 (Table 3.2). Thus, Rere takes
longer to overcome the effects of the June grazing than a
less winter-active cultivar, irrespective of the timing of
the spring harvest. The low plant vigour of Rere in spring
after the winter defoliation is most likely due to its very
low root TNC reserves in spring compared to levels in winter-
dormant cultivars (Table 5.1). Although reserves and dry
matter yield of Rere in Trial 3 had recovered by the end of
October (Table 5.1), after two years of the mid-winter defol-
iation management in Trial 1, the depressive effect of winter
grazing on spring yield was carried through later into the

season (Table 3.2).

As noted by Langer (1968), the effect of grazing mis-
management of lucerne on production will continue unless the
stand is adequately spelled and root reserves are allowed to
build up. However, the use of the short spelling period in
spring in Trial 1 will keep root reserves at a low level.
Production of Wairau and Rere in late spring is greatly
reduced by the combined June grazing and short, spring spelling
period treatment compared to lucerne spelled throughout the
cool-season. There is also an associated increase in weeds
due to a reduction in ground cover and the competitive ability

of lucerne. Invasion of Rere stands by scotch thistle was
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observed‘in the final year of Trial 1. Thistles were not
found in any Wairau plots and this is probably due to higher
establishment and hence better ground cover of Wairau com-
pared to Rere. This difference was maintained during the
trial. Palmer and Wynn-Williams (1976) similarly found that
Wairau had higher establishment than a more winter-active
cultivar. Wairau also had more shoots per plant than more
winter-active cultivars such as Rere and Matador (Table 5.1),
although these winter-actives were taller, except in early
spring. Christian (1977) noted this difference in plant
morphology between winter-actives and winter-dormant cultivars
and suggested that winter-actives would be more prone to weed
invasion. However, winter-actives actively compete with
weeds for light and moisture during the cool-season and this
may compensate for a deficiency in ground cover from fewer
shoots.per plant. When Rere was subjected to a June grazing
and/or a short spelling period in spring, there were up to
five times as hany thistles compared to Rere with no cool-
season treatment. Perhaps the only beneficial effect of the
short spelling period in spring was to keep aphid numbers at

very low levels until spring aphid flights in November.

Crown disease encountered in Rere stands early in the
1983 cool-season may have also contributed to the reduction
in plant vigour of Rere. It was initially thought that
Verticillium wilt was the cause of this disease problem,
although isolations for fungi from necrotic tissue did not

show the presence of Verticillium wilt (Appendix 13). Tt



74

was then thought that Rére may be especially susceptible to
damage brought about by infection with alfalfa mosaic virus
(AMV) as incidence of this virus in Rere in an adjacent

trial was 90-100%. However, this does not explain why the
June grazing treatment alone, or in combination with the
short spelling period in spring significantly increased
incidence of the disease compared to Rere with no cool-
season treatment or Rere only given the short, spring spelling.
Diseases usually associated with cool-season management are
bacterial wilt, stem nematode and crown rot "complex".
Intensive grazing under cold or wet conditions, such as in the
cool-season, causes trampling and splitting of the lucerne
crowns. This allows entry of the crown rot pathogens

(Closé and Sanderson, 1977) and there is evidence which sug-
gests winter-active cultivars are moré susceptible to these
"cool-season" diseases than less winter-active cultivars.
Janson and Knight (1984) found that Rere succumbs to crown
rot earlier than other cultivars such as Wairau. In their
trial, by the end of the fourth production season, Rere
produced 69% and 29% of the yield of Wairau under dryland

and irrigated conditions respectively. Very similar results
were obtained after just three production seasons in Trial 1.
In the 1983/84 season, Rere produced 68% of the yield of
Wairau under dryland conditions and this difference in yield
increased when cool-season treatments were imposed and Rere

certainly succumbed to crown rot earlier than Wairau.
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Although no relation has been found between winter-
activity and survival under grazing (Palmer, 1961; Martyn
and Heard, 1982), it is likely that winter-actives will not
be as persistent as winter-dormant cultivars if the extra
coocl-season production of winter-actives is used (Smallfield,

1982) .

6.2 CONCLUSION

There was no difference in total dry matter production
of Wairau and Rere from early September 1981 to June 1982,
However, by the third year, Rere's lack of superiority over
Wairau was clearly evident. Rere only produced 69% of the
yield of Wairau from September 1983 to January 1984 and was more
susceptible to crown rot than Wairau. This suggests Rere may

be less persistent on a long-term basis.

Contrary to.previous knowledge, the winter-active
Rere also failed to outyield Wairau in early spring and Rere's
resistance to BGLA and PA failed to give it any obvious
advantage over Wairau in the warm season. Rere also had
fewer larger stems than Wairau throughout the year, and its
suitability as a grazing lucerne in New Zealand is questionable
as these large stalky stems may be less palatable to sheep
than the finer stems of Wairau. This point needs clarificat-
ion. Future use of Rere in New Zealand should therefore be
restricted to areas where aphid infestations are consistent
and severe, although, even in such areas, sowing Rere in pref-

erence to other aphid-resistant cultivars now available would



76
be unwise.

Cool~season management of Rere was more critical in
determining spring production than for Wairau. If Rere's
winter growth is utilised, spring yields will be depressed,
although this yield depression was not observed in Wairau.
There was strong evidence to show that good spring production
is dependent on adequate root reserves and utilisation of
cool-season activity and high TNC content in ;pring proved to

be incompatible.

Plant breeders should therefore aim at developing new
lucerne cultivars with high warm-season production (where
lucerne excels) and supplement low winter growth with alternat-

ive feeds such as brassicas, hay, greenfeeds or grass.

The extra grazing in early spring failed to compensate
for the loss of dry matter and increase of weeds in December.
However, grazing of immature lucerne in early spring is often
unavoidable in the practical farm situation, but must be kept
to a minimum if high production and persistence is required.
Another option to grazing lucerne at this time is to supply
alternative feeds together with the practice of later lambing

or calving.

Further research is required on the interaction of
winter activity, root reserves and spring production. This
should be carried out over a wide range of climatic conditions

to ensure results are not peculiar to a particular area. The



77

use of growth cabinets would be one means of avoiding this
problem, Long-term persistence of winter-active cultivars
needs to be compared to that of less winter-active cultivars
under a range of winter management systems. Differences in
persistence between cultivars should then be related to dif-
ferences in root reserves. The incidence of crown rot

should also be related to winter activity and root reserves.

This information should then be made available to plant
breeders to ensure future lucerne cultivars are suitable for

use in New Zealand.
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Appendix 1l: Level of major elements and pH for each of the
cultivar/grazing treatment combinations in
September 1983, together with recommended levels
for optimal lucerne growth.
pH Ca K P (Olsen) Mg Na
Wairau 0 5.4 7 6 9 16 7
J 5.8 9 5 6 18 10
S 5.8 9 4 10 16 7
S 5.8 9 5 8 21 7
Rere 0 5.8 9 6 9 20 8
J 5.5 7 4 8 14 6
S 5.6 9 3 8 21 9
JS 5.6 8 5 8 22 8
Recommended level 6-7 >4 >20 >6

Appendix 2: Precipitation and pan evaporation recorded at
Lincoln College Meteorological Station from
August 1, 1981 to January 30, 1984,

Precipitation Pan evaporation
(mm) (mm)
Aug. '82-
Jan 30 '82 310 887
Feb 1 '82-
Jul 30 '82 189 532
Aug 1 '82- ‘
Jan 30 '83 309 958
Feb 1 '83-
Jul 30 '83 359 512
Aug 1 '83-

Jan 30 '84 357 698
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Appendix 3: Score of hail damage to Wairau and Rere lucerne
' and estimated herbage loss assessed on January
25, 1983. The intensity of damage to leaf and
shoot was scored on an arbitrary scale from 0
(no damage) to 5 (severe damage). Data analysed
after transformation by arcsin (VX).
Leaf Shoot Estimated herbage
damage (s) damage (s) loss (kg ha-1l)
Wairau 0 2.5 1.0 160
J 2.2 1.2 120
S 2.2 1.4 120
Js 2.5 1.2 120
Rere 0 1.5 2.9 210
J 1.3 2.7 200
S 1.7 2.5 180
JS 1.7 2.5 170
CV% 14.6 12.5 34.8
SE 0.05 0.03 55.8
Appendix 4: Grazing dates for Trial 1. From October 1981
to March 1982, two replicates were grazed on
the first date listed, and the other two
replicates on the second date.
Month Year
1981 1982 1983 1984
Jan 14,26 25 9
Feb — — Finish
Mar 5,14 30
Apr 25 —
May —_ —_
June 13 21
July _— e
Aug Start —_ —_—
Sept 24 9 30
Oct — 20 —_
Nov —_— — 1,22
Dec 1,11 9 _




Appendix 5: Dry matter yield of Wairau and Rere spelled in
June with normal spelling period in spring.

Yield
(kg DM ha-1l)

Wairau Rere CV% SE
Sept 24, 1981 1690 1110 11.2 157
Oct 17 3130 2600 8.9 246
Dec 6 3530 3330 16.5 281
Jan 20, 1982 2800 2930 8.7 249
March 9 1890 2200 10.6 217
April 25 640 1430 29.4 305
June 13 460 720 8.0 47
Sept 9 1030 1070 21.3 260
Oct 20 2310 2220 7.9 130
Dec 9 2970 3110 22.5 312
Jan 25, 1983 1830 2450 25.6 308
March 30 460 1150 49.9 356
June 21 850 1190 21.8 201
Sept 30 1900 1340 10.7 151
Nov 22 4090 2350 14.6 229
Jan 9, 1984 3630 3050 17.9 302

Appendix 6: Mean crown shoot length of Wairau and Rere
spelled in June with a normal spelling period
in spring.

Shoot length

(cm)

Wairau Rere CvVg SE
March 10, 1982 42 56 4.8 2.4
April 25 9 21 18.2 2.7
June 13 : 3 8 11.6 0.6
Sept 9 9 11 10.6 0.9
Oct 20 28 35 10.8 2.3
Dec 9 25 38 15.9 4.6
Jan 25, 1983 19 38 15.5 4.3
March 30 11 24 12.9 2.0
June 21 5 9 19.4 1.3
Sept 30 21 25 . 8.9 2.1
Nov 1 42 52 16.7 4.9
Jan 9, 1984 61 73 11.3 6.3




Appendix 7:

Number of crown shoots per plant of Wairau

and Rere spelled in June and with a normal
spelling period in spring. -

Shoot number

(plant-1)
Wairau Rere CV% SE
March 5, 1982 11 7 5.5 0.5
March 14 14 9 10.0 1.1
April 25 19 10 8.0 1.2
June 13 21 12 16.9 2.7
Sept 9 7 7 7.8 0.6
Oct 20 6 5 8.4 0.7
Dec 9 12 8 22.5 2.3
Jan 25, 1983 14 10 13.8 1.0
March 30 14 8 17.2 1.8
June 10 14 8 11.9 1.1
Sept 30 9 4 10.4 0.7
Nov 1 13 8 14.6 1.6
Jan 9, 1984 13 8 18.0 0.8
Appendix 8: Weed content of Wairau and Rere under four
cool-season management treatments. There
were no weeds from March 5 to June 13, 1982,
or on March 30, 1983.
Weed yield
(3 of total DM yield)
Wairau Rere
O J S JS O J S JS CVs GSE
Sept 9, 1982 68 49 68 49 44 39 44 39 37.2 18.7
Jan 25, 1983 0 0 0 0 7 2 6 7 46.3 4.3
June 21 30 33 31 32 11 22 10 20 34.7 18.4
Sept 30 47 46 49 32 49 52 48 54 22.1 10.4




Appendix 9:

Aphid counts on Wairau and Rere during April.
No aphids found from early June to early
September 1982. Data analysed after trans-
formation by loge (x + 1).

Aphid number
(per g DM lucerne)

Wairau Rere CV% SE
April 9, 1982 7 3 53.2 2.6
April 17 5 4 44.8 2.0
April 24 5 3 48.1 1.8

Appendix 10:

Dry matter yield of Wairau and Rere in
March and June 1983, under four cool-
Sseason management treatments.

Yield (kg DM ha-1)

March 30 June 21

Wairau O 460 850
J 570 840

S 460 750

Js 340 780

Rere 0 1150 1190
J 900 940

S 850 1050

Js 980 980

CcvVs 49.9 21.8

SE 356 201
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Number of crown shoots per plant of Wairau

and Rere in the 1983 cool-season under
four cool-season management treatments,

Wairau

Rere

Shoot number

(plant-1)
March 30 June 21
0 14 14
J 15 15
S 15 13
Js 14 16
0 8 8
J 7 6
S 7 7
Js 6 7
CV% 17.2 13.1
SE 1.8 1.9

Appendix 12:

Mean crown shoot length of Wairau and Rere

in the 1983 cool-season under four cool-
season management treatments.

Wairau

Rere

Shoot length

(cm)
March 30 June 21
0 11 5
J 13 5
S 9 4
Js 10 4
0 24 9
J 20 9
S 22 9
JS 20 8
CV$% 12.9 19.4
SE 2.0 1.3




Appendix 13: Isolations for fungi from necrotic tissue in stem, crown and root samples of Wairau
and Rere lucerne taken from Trial 1 on November 1, 1983. (Courtesy Dr B. Hawthorne)

Counts

Location of lesion from which

isolation made Total count

Fungus isolated Wairau Rere
Stem Crown Root

Wairau Rere Wairau Rere Wairau Rere

N

Byssothecium circivans 1
Glioeladium
Fusarium spp.
Cylindrocarpon
Penicetllium

Phoma medicaginis
Phoma spp.
Phomopsis
Pyrenochaeta
Pythium

Rhizopus
Stagonospora
Trichoderma
Ulocladium
Verticillium
Aeremonium
FRhizoctonia
Basidiomycete
Cladosporium
Coniothyrium
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Appendix 14:

Level of major elements and pH from two
sites in Trial 3 in January 1983, together
with recommended levels for optimal
lucerne growth.

92

Site 1
Site 2

Recommended
level

pPH Ca K P (Olsen) Mg Na
6.5 16 12 89 35
6.6 19 15 150 43 7

6-7 >4 >20 >6
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