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SUMMARY

A stocking rate experiment evaluating five pasture types was |
i

']

undertaken in a Mediterranean-type climate on the Kangaroo Island Research?

I
Centre, Parndana East, South Australia. f
t

The hypothesis tested was that the renovation of an existing
volunteer annual grass - Yarloop subterranean clover (Trifolium
subterraneun L. cv. Yarloop) pasture by tillage, seedbed preparation
and sowing of a mixture of the best available grass species and low
oestrogenic subterranean clovers, would result in increased live weight
and wool production from grazing wethers.

Merino wethers were continuously grazed for four years at six
rates of stocking (10, 11, 13, 14, 15 and 17 sheep ha—l) on each of the
following five pasture treatments.

Treatment (A) - An unrenovated, volunteer annual grass-subterranean clover

pasture dominated by Yarloop subterranean clover and barley grass (Hordeum

leporinum Link.).

Treatments B, C, D and E - Tillage, seed bed preparation and sowing of

grass, together with Mt. Barker and Woogenellup subterranean clovers.,
Treatment grasses sown were as follows: (B) Wimmera annual ryegrass
(Lolium rigidum Gaud. cv. Wimmera), (C) Victorian perennial ryegrass
(Loliuwm perenne L. cv. Victorian), (D) Medea perennial ryegrass (Lolium
pererne L. cv. Medea) and (E) Hybrid phalaris (Phalaris tuberosa x
Phalaris ar'undinaced cv. Siro 1146).

Large differences between pasture treatments in both pasture and
. animal productivity occurred in the first year and, to a lesser extent,
in the second and third years of set stocking and these could be attriButed

to differences in botanical composition.

|

|
|



Dominant ryegrass stands in treatments B, C and D following
pasture renovation and first year management procedures, proved less
productive than the more subterranean clover - dominant pastures in
treatments A and E. The data presented show clearly that the availability
of the subterranean clover component was the dominant factor in the
determination of amimal production throughout the experiment.

Medea ryegrass consistently failed to demonstrate any degree of
perenniality and Victorian ryegrass plants persisted over no more than
three summers.

The influence of increased stocking rate in accelerating
the between-year decline in density of Victorian ryegrass plants and
the proportion of this species in the pasture, was clearly demonstrated.
However, irrespective of stocking rate, the contribution of the three
ryegrass species and sown subterranean clovers had declined to negligable
proportions by the end of the experiment and this decline was associated
with a concurrent increase in the pastures of Yarloop subterranean clover
and other annual species, mainly of Mediterranean origin. In particular,
the sowing of Mt. Barker and Woogenellup subterranean clovers proved
unsuccessful in maintaining a low prpportion of Yarloop in the overall
legume component of the sward after a ﬁeriod of four to five years.

This was highlighted by the level of hérd seed reserves of subterranean
clover measured in August 1973 in the renovated pasture treatments
(mean of c. 210 kg ha—l) of which ¢. 90 per cent was Yarloop.

" The results demonstrated the excellent adaptation of Yarloop
subterranean clover to the lateritic podzolic soils of Kangaroo Island:
particularly its rapid growth during the winter and early spring and its
ability to set copious supplies of seed,irrespective of stocking rate,
with potential for germination over a numbers of years. Hence the

volunteer annual grass-subterranean clover pastures, typical of this



xi

environment, seemed to be assured a degree of quantitative and qualitative
independence of s?ocking rate.

The results clearly demonstrated an interaction between stocking
rate and botanical composition in the determination of animal production
following the renovation ana early management procedures used in this
experiment. Héwever, it was further demonstrated that this was only a
short-term effect, because, as the experiment progressed, there was a
trend towards like-botanical composition in all pasture treatments.

The efficiency of wool production, in relation to pasture
production and rainfall, was dependent on stocking rate and the experiment
highlighted the biological and economical inefficiency of low stocking
rates.

Most importantly, the experiment showed that provided an adequate
legume component existed, change in botanical composition per se,
resulting from various stocking rates, is no cause for alarm in this
environment but rather an indication of the Wéaknesses of our sown species
and the strengths of many of our naturally-occurring volunteer annual

pasture species.
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1. INTRODUCTTION

Since European settlement, extensive changes have taken place
in the botanical composition and productivity of pasturés in southern
Australia. The use of superphosphate for top-dressing native grass
pastures (Cook 1939) led to a rapid invasion of exotic annual species
(including many annual legumes) from the Mediterranean zone. The most
notable legume, Trifolium subterrvaneum L. (subterranean clover), provided
a substantial 1lift in soil fertility which further accelerated the invasion
of many more of these free-seeding and fast—growing annual grasses and
herbs. These invading species have been régarded as weedy and.inferior
to cultivars of imported temperate grasses (Tiver and Crocker 1951).

Any effort directed towards exploiting the naturalised volunteer
pasture species has been, with few exceptions, confined to legumes of
undoubted value such as subterranean clover. For example, by'1970, eleven
naturally-occurring biotypes (commercial cultivars) of this species were
in use in zones with distinct climatic and edaphic features. Some
common examples are cv. Yarloop - regions subject to regular flooding:
cv. Mt. Barker for long growing seasons: cv. Geraldton for greater speed
of seed maturation, etc. |

Only recently has the significance of the many attributes of
some other common volunteer annuals been recognjzed (e.g. Carter 1968a
and b, Smith 1968b). In particular,‘their persistence under intensivé
grazing, and their contribution to pasture and hence animal productivity
under diverse management and seasonal influences is fast earning them
the reputation of valuable pasture species in many areas of southern
Australia.

There appear to have been no reported experiments carried out in
the Mediterranean-type environment of southern Australia comparing

animal production from pastures based on subterranear clover - volunteer



annual grass and subterranean clover-sown temperate grass.

This report describes an experiment comparing the liveweight
response and wool production from wethers grazing at six different
stocking rates on subterranean clover - volunteer annual grass pasture
with and without the introduction of four temperate grass - subterranean
clover mixtures. Particular emphasis has been placed on determining the
extent of re-invasion of the renovated pastures by volunteer species,
and the persistence of the introduced pasture species, as influenced by
stocking rate. An attempt has been made to elucidate some of the inter~
relationships of stocking rate and botanical composition as determinants

of animal production in the Mediterranean-type environment.
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3. BACKGROUND TO EXPERIMENTAL PROGRAM

The few relevant experiments reported prior to 1970 showed the
extreme lack of evidence for the popular belief that the introduction
of perennial grass species into annual pastures in the Mediterranean-
type regions of southern Australia, either stabilized pasture composition
for an extended period, or resulted in increased animal production.

The realization that volunteer annual species, in conjunction with an
adequate legume component, may be useful pasture plants was in its
infancy.

In addition, little evidence was available on the effect of
stocking rate on the rate of invasion of annual volunteer species into
sown perennial based pastures or the concomitant decline in perennial
grass component. The following experimental work reported in this éeport
has attempted to provide evidence on some of these fundamental questions
which are of immediate practical importance to the grazing industries.

A further imﬁetus to the experimental program was the need to
solve another important problem which was particularly relevant to
Kangaroo Island, South Australia. In the period 1945 to 1970,

100,000 hectares of virgin scrub were cleared for development on
Kangaroo Island. The soils are mainly lateritic podzols comprising
sandy loams overlying impermeable clay at a depth of from 20 to 60 cm
(Nor£hcote and Tucker 1948), The region is typical of the more humid
Mediterranean-type environments of southern Australia with precipitation
exceeding evaporation during May to August and, due to poor drainage,

the soil is generally waterlogged during most of this period. Early
experiments carried out on the Kangaroo Island Research Centre, Parndana,
demonstrated the outstanding herbage production of Yarloop subterranean

clover during the winter (Day 1964) and the use of this cultivar in seed



mixtures was widespread from 1957 to 1963. However, this has resulted
in many newly-sown pastures being dominated by Yarloop subterranean
clover, and by 1963, the occurrence of a general problem of clover-
induced infertility in ewes (Benmetts et aql. 1946) was recognized on
Kangaroo Island, witﬁ Yarloop subterranean clover being implicated as
the main causal species. The introduction of a successful perennial
grass into these pastures could dilute the intake of oestrogenically-

potent legume by the grazing animal and perhaps stabillize pasture

composition.



4., AIM OF EXPERIMENT

The hypothesis tested in this experiment is specifically that
the renovation of existing volunteer annual grass - Yarloop subterranean
clover pasture by the tillage, seedbed preparation and sowing of a
mixture of the best available grass species and low oestrogenic subterranean
clovers results in increased liveweight and wool production from grazing
wethers. No attempt has been made to divorce the response due to
tillage and/or seedbed preparation from that due.to pasture species
per se in the comparison of renovated and unrenovated treatments.

In essence, the aim of the experiment was to compare the
productivity of two systems; one being an unrenovated established pasture
comprising subterranean clover - volunteer annual grass(typifying the
majority of existing pastures on Kangaroo Island and in many other areas
of southern Australia) and the other, a renovated pasture involving
tillage, clover seed and grass seed inputs - a new system as defined
by the outcome of an established and recommended renovatiqn practice.

The experimental comparisons were specifically designed so thét the
results would be relevant to an established agricultural system; the

importance of which had been stressed by Morley and Spedding (1968).



5. ENVIRONMENT

The experiment was located.at the Kangaroo‘Island Research Centre
(lat. 35° 48'S., long. 137°20'E., alt. 153 m.).

Climatic data for the Research Centre are presented in Table 2 and
appendix Tables 1-5.

The vegetation of the experimental site was originally a dry
sclerophyll scrub dominated by an E. baxteri - E. cosmophylla association.
The main tall shrubs included Casuarina stricta (bulloak), Bankeia
marginata (honeysuckle), Banksia ornata (broad leaved honeysuckle),

Hakea rostrata and Xanthorrhoea tateana (the endemic yacca). Undershrubs
included Daviesia genistifolia, D. brevifolia, Adenanthos terminalis,
Lhotzkya glaberrima, Phyllota pleurandroides, Pultenaea viscidula,

Logania ovats, Spyridium thymifolium, Petvophila multisecta, Isopogon
ceratophyllus, Tetratheca halmaturina, T. ericifolia and Hibbertia stricta
(Northcote and Tucker 1948).

The first morphological description of the soil type was given by
Northcote and Tucker (1948) as the Seddon gravelly sandy loam although
listed under the incorrect heading of Seddon gravelly loamy sand (refer

Carter 1970). The description is as follows:
t.

0-5 cm' A0 Scattered surface gravel; occasionally gravel pavement.
Al Greyish-yellow-brown to grey-brown sandy loam with some
organic matter and slight* ironstone gravel.
5-25 cm A2 Yellow—bréwn to yellowish~brown sandy loam with slight

to medium amounts of ironstone gravel.

25-33 cm Bl Light yellow-brown sandy clay loam sometimes with yellow

Depth originally described in inches but converted to centimetres in
this text.

i 'Slight' corresponds to 12.5 - 25%, 'light'to 25 - 40% and 'heavy'
to more than 70%.



33-56 cm B2

56~102 cm B2

102~152 cm B3

152-203 cmtC

mottlings, with light to heavy amounts of ironstone
gravel. (This horizon is frequently poorly developed).
Light yellow~brown, brown, and sometimes yellow-grey
mottled friable clay; Gravel is very slight.

Mottled yellow~-brown, brown, yellow-grey and 1ight grey
friable clay. Frequently with gravel bands giving medium
amounts of ironstone gravel in this horizon.

Variously mottled clay but light grey colour prominent,
sometimes with ironstone gravel bands.

Variously mottled clay but red and light grey prominent

sometimes with ferruginized rock fragments.



Table 1

SCIENTIFIC NAMES OF ALL SPECIES GIVEN COMMON NAMES IN THE TEXT

Common Name . Scientific Name

Annual ryegrass Lolium rigidum Gaud.

Annual veldt grass Ehrharta longiflora Sm.
Barley grass Hordewn leporinum Link.
Barrel medic Medicago truncatula Gaertn.
Burr medic Medicago polymorpha L.
Capeweed Arctotheca calendula Druce
Cluster clover Trifoliwn glomeratum L.
Cocksfoot Dactylis glomerata L.

Fat hen Chenopodium album L.
Geranium Erodium spp.

Goosefoot Chenopodium spp.

Lucerne Medicago sativa L.

Meadow foxtail Alopecurus pratensis L.
Musky crowfoot | Erodium moschatun L'Herit.
Perennial ryegrass Lolium perenne L.

Phalaris Phalaris tuberosa L.

Red clover Trifolium pratense L.
Ripgut brome Bromus rigidus Roth.
Rough-stalked meadow grass Poa trivialis L.

Short rotation ryegrass Lolium perenne L. x Loliwn multiflorum Lam.
Silver grass Vulpia Spp.

Siro 1146 hybrid phalaris Phalaris tuberosa L.x Phalaris arundinacea L.
- Soft brome ‘ Bromus mollis L.

Sorrel Rumex acetosella L.
Subterranean clover Trifoliun subterraneum L.
Tall fescue Festuca arundinacea Schreb.
Winter grass | Poa annua L.

Yorkshire fog Holeus lanatus L.
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6. SITE OF EXPERIMENT

The experimental site was cleared of native vegetation in 1950
by the South Australian Lands Development Executive and until 1962 had
been used for experiments evaluating response to various rates and
ffequency of superphosphate and copper fertilizer applications. From
1963 to 1969 inclusive, the entire site was managed as a single paddock
and received uniform applications of fertilizer. Experiments carried
out on the Research Centre on the same soil type indicated that the
possible optimum maintenance superphosphate requirement for pasture
growth was between 250 and 375 kg ha-_l year—1 (Carter 1970). The
maximum and minimum mean rates of fertilizer applied to any portion of
the site prior to 1970 were 243 and 154 kg ha-l year_1 respectively of
superphosphate and 0.9 and 0.3 kg ha“1 year—1 respectively of copper
as copper sulphate. Hence the mean annual application of superphosphate
was below the estimated optimum annual maintenance requirements for
pasture production. Although the phosphate sorption capacity is reduced
by application of phosphatic fertilizers (Kanwar 1956, Kurtz and
Quirk 1965) this reduction is insignificant compared to the extremely
large phosphate retention capacity of this soil i.e, 15,400 p.p.m. for
virgin 0-10 em soil and 11,250 p.p.m. for partially-developed 0-10 cm
soil (Kanwar 1956). However, to minimize possible variation in pasture
production due to previous variation iIn fertilizer application on the
trial site, a blanket dressing of 348 kg ha_l of superphosphate and

.9 ke ha“l of copper was applied in 1970, during the establishment of
the experiment.

A pasture mixture of 4.5 kg ha_1 of Bacchus Marsh subterranean
clover and a trace of Colac perennial ryegrass and GB 81 phalaris had

been sown on the newly-cleared land in 1951 but these species were



12.

scarce on the site in 1970. In 1960 the site was worked up in the spring,
stumps ripped and the soil levelled and in 1961 a mixture comprising
perennial ryegrass and Yarloop and Mt. Barker subterranean clovers sown.
By 1969 the pasture was dominated by Yarloop subterranean clover and
barley grass.

Other species present were Mt. Barker, Dwalganup (although
never sowed on the site) and Bacchus Marsh subterranean clovers, silver

grass, soft brome, ripgut brome, geranium and capeweed.
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7. EXPERIMENTAL METHODS

7.1 Site preparation

An area of 11.6 hectares of land was prepared in 1970, ﬁith the
exception of certain areas allocated go an unrenovated pasture treatment
(see 7.2.1),as follows:

Dried pasture residue remaining from the 1969 growing season was
burnt in March, ploughed in early April, cultivated and harrowed in mid-

April and finally rolled with a cultipacker in late April.

7.2 Treatments

7.2.1 Pasture treatments

Five pasture treatments were incorporated in the design as follows:
Treatment A: The unrenovated, volunteer annual grass — subterranean
clover pasture that was present on the experimental site as described in
6. The paddocks comprising this treatment were untouched in any way
during the renovation of the remaining four treatments and for the
duration of the experiment (except for the topdresssing of fertilizer).
Treatments B, C, D and E: Tillage, seed bed preparation and sowing of
respective treatment grasses together with Mt. Barker and Woogenellup
subterranean clovers. Treatment grasses were as follows:

B: Wimmera annual ryegrass

C: Victorian perennial ryegrass

D: Medea perennial ryegraés

E: Siro 1146 hybrid phalaris
The pasture treatments will hereafter be referred to as A, B, C, D and
E respectively.

Wimmera and Victorian ryegrasses have been and are the most

commonly sown annual and perennial grasses respectively on Kangaroo Island.
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Cutting experiments carried out on the Kangaroo Island Research Centre
had shown Victorian ryegrass to be the most productive perennial
pasture species in this environment (Crawford 1956). Tall fescues and
cocksfoots had generally produced only small quantities of dry matter '
compared to the ryegrasses (Crawford 1956) and great difficulty had been
encountered in adequately establishing varieties of phalaris on the
ironstone soils.

Medea ryegrass was a recently released cultivar developed at the
Waite Institute (Silsbury 1961) by selection of plants collected near
Medea in Algeria (Neal-Smith 1955). This cultivar was reputed to be
characterized by a high degree of summer dormancy and persistence
(Barnard 1972) and would have potential for widespread use on Kangaroo Islamd
if its reputation for persistence could be substantiated under grazing
on this soil type. Trials in Victoria had also shown Medea to produce
more dry matter in late autumn, winter and early spring than Victorian
ryegrass but that it was less productive during the rest of the season
(Cade 1969).

Siro 1146 hybrid phalaris was developed by the CSIRO by the
hybridization of Phalaris tuberosa and the hexaploid race of Phalaris
arundinacea. Details concerning the hybridization have been reported
"in several publications (McWilliam 1962, McWilliam and Neal-Smith 1962,
Anon 1962). The ﬁore recent results concerning the characteristics and
performance of this hybrid have been described (McWilliam et al. 1965,
Myers and Squires 1968b). Prior to 1970 this pasture species had
received little testing under grazing but in the few trials that were
then in progress the hybrid had shown an ability to establish readily,
to combine well with a variety of legumes and to persist under heavy
stocking and thrbugh extended dry periods. Although it generally appeared

that maximum benefit from the use of the hybrid would be obtained from
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regions where summer rainfall incidence was high or where irrigation
was available, reports of superior ease of establishment and persistence
under waterlogged conditions indicated that this species may have been

useful in the Kangaroo Island environment.

7.2.2 Stocking rates

Information derived from previous experiments carried out on the
Kangaroo Island Research Centre (Carter 1965, Carter and Day 1970)
indicated that large-framed, strong-wool type, South Australian Merino
wethers could be continuously grazed without supplementary feeding at
a stocking rate of 13 sheep ha—l without undue stress on the sheep.

This was based on the paéture containing a major component of subterranean
clover and supplied with an annual maintenance dressing of superphosphate
at c. 190 kg ha_l.

Six stocking rates chosen for the experiment described in this
report were 10, 11, 13, 14, 15 and 17 sheep ha_l, giving a range,
incorporating an average and maximum, slightly higher than the respective

13 and 16.5 ha_1 used in the grazing experiment of Carter and Day (1970).

7.2.3 Layout and allocation of treatments

Pasture treatments and stocking rates were allocated at random
to the experimental site which comprised fiftéen elongate paddocks on
each side of a single raceway. The length of each paddock was constant
and the width varied to give the'required areas for the allocated
stocking rates. Seed bed preparation and sowing of pastures was cdmpleted
prior to the erection of fences and watering facilities. Once set
stocked, each paddock was continuously grazed by five sheep thus

utilizing 150 experimental animals. There was no replication of treatments:
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i.e. the 30 paddocks comprised Pastures (5) x Stocking Rates (6) = 30.

7.3 Pasture establishment

Pastures were sown on May 11, 12 and 13, 1970, as grass-subteryanean
clover mixtures through the seeds box of a 12 row, E series, Shearer
combine. All seed, eicept Wimmera ryegrass, was certified with a potential
germination of 90%+.

The experimental site had not previously been sown to Woogenellup
subterranean clover: therefore, because of its specific rhizobial
requirements, all Woogenellup seed was inoculated with commercial
inoculant prior to sowing. Sowing rates used were approximately those
currently recommended by the South Australian Department of Agriculture
and adjusted to a 90% germination. Actual rates were:

- Wimmera ryegrass (Treat. B) 19.4 kg haul.

- Victorian ryegrass (Treat. C) 10 kg ha-l.

~ Medea ryegrass (Treat. D) 9.7 kg ha™t.

~ Siro 1146 hybrid phalaris (Treat. E) 4.3 kg ha”t,

Woogenellup and Mt. Barker subterranean clovers were sown in the ratio 3:2

at a combined sowing rate of 10.4 kg ha L.

7.4 Fertilizetr application

All paddocks received 348 kg ha_1 of normal single superphosphate
(9.6% P, 22% PZOS) during pasture establishment in May 1970, and applied
as follows:

In treatments B, C, D and E 140 kg ha_1 was drilled in with the
seed and in treatment A 140 kg ha-'l was topdressed onto the pasture. All

treatments were topdressed again with 208 kg ha_l of superphosphate

Tested by the South Australian Department of Agriculture and Fisheries'
seed testing laboratory.
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including 0.94 kg ha_1 of copper and 30 g ha.—1 of molybdenum.

7.5 Selection and allocation of experimental animals

In October 1970, a line of 1000 wether hoggets (South Australian
strong wool Merinos - Collinsville blood) from Pitlochry Cortinaﬂ
Cantarag, South Australia, were visually examined for any obvious foot,
mouth, pizzle or wool defects and 370 culled from the main flock. The
remaining 630 sheep were consecutively numbered and shorn. Total
greasy fleece weight (weighed to 0.05 kg);including locks, skirtings
and pieces but excluding belly wool and dags,was recorded for each sheep.
The wethers were then weighed (to the nearest 0.5 kg) off-shears and
250 which conformed to the criteria, 40.9 kg < liveweight < 52.2 kg
and 5.3 kg < greasy fleece weight < 6.8 kg, were purchased.

Following transport to the Kangaroo Island Reséarch Centre the
wethers were given a cobalt bullet, drenched, tagged with large,
easily-read cattle tags and grazed as a single flock until placed on
thelr allocated paddocks on December 22, 1970. The allocation of sheep
to paddocks was performed by graphically plotting the fleece weight
against live weight for each sheep (as determined in October, 1970) and
stratifying the 250 wethers into groups. Allocation to both pasture
treatments and stocking rates was made from these groupings at random.
Each of the 30 paddocks comprising the experiment was allocated five
sheep with similar mean live weight and mean greasy fleece wéight at the
start of the experiment. The 100 wethers remaining were run as one
flock of spares in laneways and spare paddocks around the experimental .
site. The wethers were two yvears old at the time of placement in their
paddocks and thereafter they grazed their allotted paddocks continucusly

until the end of the experiment in January 1975.
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7.6 Grazing management of pastures in 1970

Management of the pastures in the first year prior to set stocking
with the experimental animals was designed to fulfil: the following
criteria.

a) Ensure that approximately equivalent amounts of pasture were
available on all paddocks prior to the allocation of experimental animals
to thelr paddocks in December 1970.

b) Ensure that the treatment grasses were dominant in 1971
(i.e. allow maximum seed set of treatment grasses in the spring of 1970)
without undue suppression of the subterranean élover component.

¢) Graze treatment A paddocks at least once in keeping with
normal commercial practice.

Treatment A paddocks were uniformly grazed for six weeks (June 18
to July 29) by a large flock of wethers divided into equivalent numbers
per unit area for each paddock. Treatment B paddocks were similarly
grazed during the early spring (September 17 to October 7) as pasture
production was far in excess of the other renovated treatments and severe
suppression of the subterranean clover component was occurring. The
allowance of an adequate growth period following the grazing of treatment
B was considered essential to allow adequate seed set of the Wimmera
ryegrass. Treatments C, D and E remained ungrazed until set stocked with

the experimental animals in December 1970.

7.7 Routine management

7.7.1 Pastures

Fertilizer application: From 1971 to 1974 inclusive, all paddocks

were topdressed with 200 kg ha_1 of single superphosphate prior to the

opening rains in each year.
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Insect control: All paddocks were misted with 350 g ha_1 (active

ingredient) of 'Imidine' five weeks after the opening rains in each year
to control red-legged-earth mite (Halotydeus destructor). 1In some years

a second misting was performed to control later hatchings.

7.7.2 Animals

Flystrike: The wethers were crutched once during the spring of
each year and strategically jetted (common treatment to all sheep) with

'Diazinon' in the experimental paddocks as required.

Worms: All experimental animals were drenched in the autumn of
each year with 'Thiobendazole' to control round worms. Additional

drenching was carried out as required.

Lice: Dipping was carried out off-shears for control of lice
(Damalina ovis) and ked (Melophagus ovinus) prior to selection of the

experimental animals and again in January 1973.

Pizzle rot: During the experimental period a number of animals

were lanced to release accumulated fluids.

Supplementary feeding: Wethers grazing in treatments B, Cand D
at the highest stocking rate (17 ha—l) were fed 0.5 kg of oats sheep_1
day-1 for one week only, commencing 2nd July 1972, to prevent death from
undernutrition. No hand feeding or fodder conservation was carried out

at any other time during the experiment.

Replacement of animals: Experimental animals that died in their

paddocks were replaced within a few days (usually within 24 hours) from
the reserve flock grazing near the experimental site. The replacement

sheep were matched as closely as possible on the basis of live welght and.
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wool cutting ability as determined in the original weighing and shearing

(October 1970).

Live weightsof replacement sheep were not used in the group data

S

means for at least 12 weeks. Fleece weights and measurements of fleece (

characteristics of replacement animals were not used in the data analysis

in the year of replacement.

!
Causes of death of experimental wethers other than undernutrition {
1

included pizzle rot, obesity and flystrike and are listed in appendix
Table 29.

7.8 Data collection procedures

7.8.1 Pasture data 1970

Established plants of the sown pasture species and Yarloop subterranean

clover were counted in each of ten randomly-thrown, 0.04 m2 quadrats on

June 17, 1970, Pasture production in the sown treatments was measured

over two periods i.e. May 11 to September 17 and September 17 to November

25 using the techniques described for'open'cuts in 7.8.2. 1In treatment

B both 'open and closed' cuts were taken because of the presence of

grazing sheep as described in 7.6.

Available pasture was measured on all paddocks on November 11 to

coincide with the end of the growing season.

7.8.2 Pasture data 1971-1974

The 'open and closed quadrat' method of McIntyre (1946) was used
to estimate dry matter availability, seasonal and total dry matter
production, and crude utilization (amount of pasture dry matter eaten or

otherwise disappearing -~ refer Carter and Day 1970).

Samples were cut from six areas protected by 'Weldmesh' cages
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(closed quadrats) c. 1.4 m square. Within each of these cages a 0.5 m2

quadrat was cut at ground level with a mobile, motorized sheep—shearing
hand piece with 'wide' combs and cutters. A corresponding sample was

cut from without, but in close proximity to, each cage. Thus the number,
size and shape of the 'closed' cuts from within the cages were ‘the

same as for the 'open' quadrats. TFollowing cutting of the protected
quadrat site, the cage was placed at random on a new un-—cut site in

the paddock. No pasture measurements were made during the characteristic
4~5 month period of summer drought and the protective cages were shifted
to a new site just before the opening rains in each season. Three
samplings were made during each growing seasén to approximately coincide
with the end of the three calendar seasons, autumn, winter and spring.
The one exception being in 1971 when an extra sampling was made in July.
On most occasions, individual green weights were recorded for each of the
six 'open' and six 'closed' samples. These samples were then bulked into
'open' and 'closed' lots and a representative subsample was taken from
each lot. The size of the subsample was usually 10% of the total green

. herbage within each lot but varied depending on size and growth stage

of the pasture plants. Strict mixing and subsampling procedures were
followed to ensure representative subsamples.

Each subsample was hand-separated, while fresh, into botanical
components which were then dried separately to constant weight in a
forced air-drought oven at 85°C.

The components were as follows:

(1) Sown grass (2) Subterranean clover (3) Broad-leaved volunteers

and (4) Narrow-leaved volunteers.

Plant density: Ten fixed sampling sites marked with yellow-painted

jarfah pegs were selected at random in each paddock at the start of the
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, ot
experiment. In June of each year all perennial plants and subterranean

. -2 .
clover plants within a one m = quadrat, placed at each site, were counted,

7.8.3 Subterranean clover seed

Measurement of subterranean clover seed present in, or on, the soil
was made on four occasions during the experiment, i.e. August 1973 and
1974 and January 1974 and 1975. The difference in quantity of seed
recorded between the spring and following summer sampling was used as a
crude estimation of seed produced during the season. WNo attempt was made
to measure loss of seed due to trampling, eating, or any other cause,
during the intervening period. The sampling during August also estimated
the hard seed reserves present at that time.

At the August samplings 30 round cores of 10 cm diameter and 5 cm
depth were taken at random within three transects across each paddock.
The 10 cores from each paddock transect were bulked to give three lots
per paddock which were then dried at SOOC, broken up and sieved through
a 0.5 mm sieve to reduce the sample bulk by separation of fine soil
particles. The sample was then thoroughly stirred in 'Genklene' solution
(trichloroethane SG 1.314) to separate the coarse sand, gravel and stones
from the floating sample mass (Carter, Challis and Ridgway 1977).

The sample was then air dried, threshed in a belt thrasher, hand-
sorted into white seed_(Yarlobp> and black seed (non-Yarloop) and each
lot weighed to 0.001 g.

At the January samplings, above and below-ground components were
sampled separately. The above-ground sampling was performed by cutting
six 0.5 m2 quadrats at ground level in each paddock in a similar manner
to that described for pasture availability during the growing season.

The soil surface was then brushed with a fibre brush and all loose soil

and dry herbage collected, dried at 50°C for 24 hours and hand-picked to

t -plants that had survived at least one summer.
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remove faeces, sticks and large stomes. Following the removal of the
above-ground material, the soil was carefully hoed to a depth of 5 cm,
removed and bulked into three sample lots per paddock. Final treatment

of the above and below-ground fractions was similar to that used for the

August samples.

7.8.4 Sheep live weights

All sheep (experimental and spares) were weighed at approximately
six-weekly intervals. Occasionally, additional weighings were made when
animals were in stress periods. The sheep were weighed in the raceway,
at the entrance to each paddock, using mobile scales. Liveweight data
were recorded to the nearest 0.1 kg. Sheep were weighed throughout the
day and no special measures were taken to ensure sheep were of similar

gut-fill.

7.8.5 Annual wool production

All experimental sheep were removed from their paddocks on the day
of, or one day prior to, shearing and were driven as a single flock to
the shearing shed (c. 1 km). The sheep were transported back to their
paddocks, the same day or early the next day following shearing, in their
respective experimental groups, All.sheep were combined into omne flock
in the shearing shed and randomly selected by the shearers. The same
procedure was repeated in the spring of each year when the sheep were
crutched and only on these two occasions, during any one year, were the
experimental sheep removed from their paddocks.

Total greasy fleece weight in all data presented is the summation
of the individual weights of dyeband sémple (refer 7:8.7), midside sample
(refer 7.8.6) locks, belly and skirted fleece of eact

locks and fleece of each sheep were weighed separat
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the exception of the January 1972+shearing when the total weight only

was recorded).

7.8.6 TFleece characteristics f

A sample of wool was taken from the midside of each fleece as
each sheep was shorn. This sample was then welghed, placed in an air-
tight plastic bag with an identification card, and sent to the Gordom
Institute of Technology, Geelong, Victoria for analysis. The following
fleece measurements were made on each midside sample: a) Yield at 16%
regain b) mean staple length c) mean number of crimps per unit length

of fibre (crimp frequency) and d) mean fibre diameter.

7.8.7 Seasonal wool production

On most occasions of liveweight measurement, a dyeband (10-15 cm
long) was applied dorso-ventrally on each sheep in the approximate position
of the last rib, according to the technique of Short and Chapman (1965).

Each year, one day prior to annual shearing, the dyeband staples
were carefully removed by clipping the wool as close to the skin as
possible using 'Oster' small animal clippers. Application of dyebands
and removal of dyeband staples were performed in a sheep-holding cage.

This unit contained a rotatable side to which the animal was strapped

and held on its side at a convenient working height. The width of staple

removed was from c. 2-3 cm of skin. Each harvested, dyebanded staple

was weighed, had a length of tissue paper placed along its length, rolled

and stored in a bag.

All dyeband staples for all years were measured as follows:

The staples were opened so that an even spread of dyebands was obtained

on both sides. Five measurements were made on each half of the sample

shearing was in January each year (refer appendix Tables 17-20 for dates),
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(taking care to measure staples of good length, i.e. away from the belly
and back extremities). The staple was placed in a natural (unstretched)
position and the measurements were made by zeroing a ruler on the base
of the staple, and then reading off the lengths at the proximal end of
each dyeband. The length between dyebands, used in conjunction with
the total clean fleece weight, allowed estimates to be made of periodic

clean wool growth during each year.

7.9 Data analysis

In all statistical analyses, the mean measurement for each paddock
has been used as the basic experimental unit (e.g. mean live weight of the
five sheep on each weighing occasion, or mean availability of pasture in
each paddock on each sampling occasion). Regressions of each unit of
measurement on stocking rate on each sampling occasion were performed and
the relationship tested for'linearity. On nearly all occasions, higher
order polynomial relationships could not be justified statistically due
to insufficient levels of the x variate‘(stocking rate), even though they
may have been biologically possible or probable. Tests of homogeneity of
regression coefficients (homogeneity of the slopes of the regression of
each unit of measurement, for each pasture treatment, on stocking rate)
were performed to indicate any significant interaction between pasture
treatment and stocking rate. The mean regression coefficient for the
five regression relatiomships (five pasture treatments on stocking rate)
has also been calculated for each unit of measurement.

Where the heterogeneity of regression coefficients was not
statistically significant (P > 0.05) a test of homogeneity of adjusted
treatment means (adjusted to x = X where x = mean of all the x-values

of K treatment samples+) was performed to indicate whether the pasture

as the same stocking rates were used over each pasture treatment

= - -1
x = x (mean of stocking rates 10, 11, 13, 14, 15 and 17 ha 7).
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treatment means (averaged over stocking rates) were statistically
different and the least significant difference (LSD) between these means
calculated. Angular transformation of proportional data (percent) was

performed as required.



RESULTS
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8. RESULTS

8.1 Pasture establishment

With the exception of the hybrid phalaris, the sown grasses and
legumes established satisfactorily (Table 3), in particular, the
density of perennial ryegrass plants (treafments C and D) were obviously
higher than the density that could be maintained as peremnial plants in
the following years. The density of established hybrid phalaris plants
was low, although superior to previously obtainéd densities of phalaris
(cv. Australian) sown at similar rates on this soil type on Kangaroo Island.
The density of hybrid plants was considered sufficient to allow this
species to make a worthwhile contribution to pasture production in the
later years of the experiment, provided that the individual plants expanded
in diameter, as is characteristic of this species.

There was no significant (P >0.05) difference between the density
of established sown grass plants within each sown pasture treatment over
the range of stocking rates, or in the case of subterranean clover plants,
over all rénovated paddocks. However, the mean density of Yarloop
subterranean clover plants in treatment A was 580 plants m—2 compared
to the combined 85 plants rn—2 of Mt. Barker and Woogenellup and 25 plants
m—2 of Yarloop subterranean clovers established in the renovated paddocks.

A visual inspection of the pastures during the spring showed that,
within the narrow-leaved volunteer component, barley grass and ripgut

brome were the dominant species in treatments A and E respectively.

8.2 Pasture production 1970

The superior pasture production in treatment B during the autumn
and winter is shown in Table 4. There was less difference between pasture

treatments in pasture production during the spring. A different seasonal
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growth pattern for the two perennial ryegrass species (treatments C and
D) is also evident in Table 4.

Some variation in levels of available pasture was present at the
end of the 1970 growing season (Table 4) because of the difficulty of
achieving even grazing. Treatment A contained the lowest, and treatment
D the highest, amounts of available pasture at the end of the 1970 growing

season.

8.3 Botanical composition 1971-1974

8.3.1 Sown grasses

The renovation of the original pasture by the sowing of Wimmera
ryegrass (treatment B), Victorian ryegrass (treatment C) and Medea
ryegrass (treatment D), together with Mt. Barker and Woogenellup
subterranean clovers resulted in ryegrass—-dominant pastures in the autumn
of 1971 (Table 5).

The majority of Victorian ryegrass plants died over the 1972/73
summer (Table 6) and although some self-sowing of this species occurred
in the autumn of 1973, its contribution was negligible by the end of the
1973 season (Table 5). The Medea ryegrass plants died during each summer
of the experiment except for a few plants which survived the 1973/74
summer at the lower stocking rates (Table 6).

In the first three years of set stocking there was a within-year
decline in the ryegrass componént in all three ryegrass treatments during
the autumn and winter and in some years the decline continued during the
spring.

An effect of stocking rate on the between-year decline in the
proportion of Wimmera and Victorian ryegrasses was evident over the first

two summers following set stocking (1971/72 and 1972/73) Figure 1.
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PURITY, VIABILITY AND ESTABLISHMENT OF SOWN PASTURE SEED 1970

Purity Germn Viable Potential ACtual+ Establish;+
Species 14 days Sowing Establish, Establish.,
Rate -1 -9 o -2
A A (kg ha ) (plant m °) (plant m °) %
Wimmera A.R.G. - 19.4 1000 290 29 .0
Victorian P.R.G. 99.8 90 10.0 600 190 31.6
Medea P.R.G. 99.5 90 10.0 600 200 33.3
Hybrid Phalaris 99.0 88 4,3 375 56 15
Mt. Barker 99.3 90 6.2 ( ( (
(110 ( 85 (77
Woogenellup 99.6 92 4.2 ( ( (

testablished plants on June 17, 1970.

Table 4

PASTURE GROWTH FOR TWO PERIODS IN 1970 AND AVAILABLE PASTURE AT THE

END OF THE 1970 GROWING SEASONi

Pasture treatment means

Growth Period A B C D -1 @1 LSD 5%
Pasture growth (kg ha “day ~)
11/5-17/9 - 44 21 33 18 3.2
17/9-25/11 - 68 65 51 59 10.7
Date. Pasture availability (kg ha_l)
25/11 6230 7210 7750 6360 570

4575

IPasture treatments
respectively

A and B received 1600 and 3600 grazing days ha—1
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Table 5

PROPORTION OF SOWN GRASS IN THE PASTURE ON TWELVE OCCASIONS DURING
THE EXPERIMENT

(% Dry Weight)

Date ! Pasture Treatments Hetero, Sig. Het
Adjt. LSD Mean ;’ ero
B C b E Treat. 5% Reg. c e%%
Means on SR. oett.

2/6/71 97 91 97 15 FHk 5.6 NS NS
8/9 90 83 97 8 kK 9.9 NS NS

%+
24/11 51 45 73 6 *kk 14.5 NS NS

Kk '

27/6/72 | 56 82 83 22 A% 18.4 * NS
26/9 13 51 37 8 wER 9.6 NS NS
16/11 15 26 34 8 Fkk 9.6 NS NS

*
18/6/73 35 24 37 9 - - L *
17/9 18 7 9 7 * 9.4 * NS

*
26/11 19 9 23 12 - - * *
10/6/74 b 3 4 12 NS 8.6 NS NS
2/9 2 3 5 7 NS 3.8 * NS
*

18/11 7 5 12 21 - - *% *k

NS =P > 0.05 *=P<0.,05 **=2Pp< (.01 #% =P < (0.001

= Significance of within-treatment regressions on stocking rate



DENSITY OF PERENNIAL+ PLANTS PRESENT IN JUNE OF EACH YEAR

Table 6

(Mean of 10 fixed locations per paddock)

(plants m_z)'

34.

Year Stocking Rate Sig.i
10 11 13 14 15 17 Reg.
Victorian perennial ryegrass
1971 48 47 51 54 47 49 NS
1972 47 38 40 30 25 21 kk
1973 5 2 1 0 0 0 *
1974 10 12 8 6 4 1 *k
Medea perennial ryegrass
1971 0 0 0 0 0 0 -
1972 0 0 0 0 0 0 -
1973 0 0 0 0 0 0 -
1974 15 12 7 6 5 5 **
Hybrid phalaris
1971 25 29 28 28 34 30 NS
1972 18 23 20 19 26 20 NS
1973 17 22 20 18 25 19 NS
1974 17 21 19 18 26 18 NS

+ = Plants which have survived at least one summer

i = Significance of regression of plant number on stocking rate.

NS =P > 0.05,

¥ =P < (0.05, *k =P < 0.0l
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In each case, higher stocking rates were associated with a lower
sown grass component in the autumn of the following year.

in the Victorian ryegrass treatment the decline in proportion of
ryegrass was usually associated with a between-year decline in the number
of perennial plants that survived each summer and increased stocking rafe
enhanced this between-year decline in density of Victorian ryegrass plants
(Table 6).

However, irrespective of stocking rate, the contribution of the
ryegrass in treatments B, C and D had declined to almost negligible
proportions by the 1974 season (Table 5).

In contrast to the three sown ryegrass treatments, the renovation
of the original pasture by the sowing of the hybrid phalaris (treatment E)
resulted in only a low proportion of this species component being present
in the pasture in the autumn of 1971 (Table 5). The size of the hybrid
phalaris component varied little over the experimental period and,
although in most years there was a larger component at the lower stocking
rates (Figure 1), on no occasion was the regression of the proportion of
hybrid phalaris in the pasture, or density of perennial plants (Table 6)
on stocking rate, significant (P >0.05). Following an initial between-
year decline from 1971 to 1972 the mean number of hybrid phalaris plants
remained constant, although it was noticeable from visual observation
that the crown circumference of the plants had increased over the

experimental period, particularly at the lower stocking rates.

8.3.2 Subterranean clover

The proportion of subterranean clover in the pasture in 1971 was
highest in treatment A and lowest in treatment D and reflected the
management of the pastures in 1970. The vigorous growth of the sown

ryegrasses in 1970 resulted in suppression of the clover growth (and
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probably seed production in the spring). The less vigorous growth of
hybrid phalaris in treatment E did not result in the suppression of
clover growth in 1970, and allowed adequate seed set of the introduced
subterranean clover varieties (Mt. Barker and Woogenellup). Consequently,
in 1971 the density of clover plants in treatment E, as also in treatment
A, was significantly (P <0.001) higher than in the three ryegrass
treatments (Table 7). However, all pasture treatments contained a
substantial clover component by the spring of 1972 (Figure 1) associated
with a rapid between-year increase in the density of clover plants in
treatments B, C and D from 1971 to 1972 (Table 7).

The proportion of Yarloop in the total subterranean clover
component averaged 27 per cent for the four renovated treatments (B, C, D
and E) in June 1971 but the rapid invasion of Yarloop into these treat-
ments (irrespective of stocking rate) resulted in this proportion being
increased to 76 per cent by June 1974 (Table 8).

In treatment A the early physiological maturation of Yarloop
resulted in a within-year decline in the clover component during the late
gpring following a peak contribution during the winter in all years
(Figure '1). 1In contrast there was a general pattern of an increasing
within-year subterranean clover component throughout the growing season
in the renovated treatments, particularly in treatment E (Figure 1).

In 1973 there was a marked decline in the clover component during the
spring in all treatments (Figure 1) due to a severe attack of clover
scorch caused by the fungus Kabatiella caulivora (Walker 1956, Beale
1972).

| Only on one occasion (September 26, 1972) during the experiment
was a significant (P <0.05) interaction between pastufe treatment and
stocking rate in the proportion of clover present in the pasture recorded

(Tables 9 and 10). On this occasion a significant (P <0.05) increase in
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proportion of subterranean clover with increased stocking rate was
recorded in treatment A but not in any of the other pasture treatments.

On November 24, 1971, November 26, 1973 and on all sampling
occasions in 1974 the mean proportion of clover in the pasture increased
significantly with increased stocking rate (Tables 9 and 10). The
mean regression coefficient (mean proportion of clover over all pasture
treatments on stocking rate) differed significantly from zero (Tables
9 and 10). However, with the exception of treatment D, no influence of
stocking rate on the density of clover plants counted in June of each year
was evident (Table 7). In treatment D, a decrease in the proportion of
clover with increased stocking rate was evident on four sampling
occasions from September 26, 1972 to September 17, 1973 inclusive although
the regression was only significant (P <0.05) on one occasion (June 18,
1973). This relationship was assoclated with a significant decline in
density of clovér plants with increased stocking rate in treatment D in
1972 and 1973 (Table 7). The data in Table 7 also emphasizes the lower
mean density of clover plants in treatment D in 1971, 1972 and 1973

compared to the other pasture treatments.

8.3.3 Volunteer annual species

Treatment E was rapidly invaded by velunteer annual species
(particularly ripgut brome) during 1970, the year of pasture establishment,
due to the poor establishment and seedling vigour of the hybrid phalaris.
In 1971, the broad-leaved component, comprising mainly capeweed and
geranium, was greatest in this treatment, particularly at the lower
stocking rates (Figure 1, Table 11). However, in both treatments A and
E the narrow-leaved component, comprising mainly barley grass and ripgut
brome respectively, was the dominant pasture component in 1971 (Table 13)

The broad-leaved component increased from one year to the next in all
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treatments and by 1974 was making a significant contribution to the
botanical composition (Figure 1, Tables 11 and 12). Particularly
evident was the between-year increase in the broad-leaved comﬁonent
from 1972 to 1973 in treatment C (Figure 1, Tables 1l and 12) following
the death of the Victorian ryegrass plants over the 1972/73 summer.

The mean (of treatments) broad~leaved component was significantly
(P <0.01) larger at the high stocking rates on the first sampling
occasion in 1973 (June 18, 1973) but by the final sampling occasion in
the spring of the same year (November 26, 1973) the reiationship was
reversed with a significantly (P <0.0l) smaller component at the high
stocking raﬁes (Figure 1, Table 12). However, no effect of stocking
rate on the proportion of broad-leaved volunteers in the pasture was
evident in 1974.

On three occasions in 1971 and 1972, significant interactions
between s£ocking rate and pasture treatment in the size of the narrow-
leaved volunteer component were recorded (Table 13). This interaction
was mainly due to a decline in the narrow-leaved component in treatment A
and increase in treatment E with increased stocking rate resulting in no
record of any significant (P >0.05) mean (over all treatments)
influence of stocking rate on the size of the narrow-leaved component.
In 1973 and 1974,instances of stocking rate affecting the size of the
mean narrow-leaved component were recorded (Figure 1, Table 14);
however the relationship was positive in 1973 and negative in 1974
(Table 14), 1In treatment E in 1974, as in 1971 and 1972, the size of
the narrow-leaved component increased with increased stocking rate
(this component tended to décrease wiFh increased stocking rate in the

other pasture treatments) resulting in a significant Pasture treatment x

Stocking rate interaction being recorded on two occasions (Table 14).
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Table 7

DENSITY OF SUBTERRANEAN CLOVER PLANTS PRESENT IN JUNE OF EACH YEAR

(plants mvz)

Pasture treatments means LSD
Year 5%
A B C D E
1971 534 92 81 8 362 64
*%k
1972 438 411 288 17% 318 87
*
1973 356 - 251 284 195 373 51
1974 233 243 267 242 255 46
t. Significance of within-treatment regressions on stocking rate.
* = P < (.05, **= P < 0.01
Table 8
PROPORTTION OF YARLOOP SUBTERRANEAN CLOVER IN THE TOTAL
CLOVER COMPONENT PRESENT IN THE PASTURES IN
1971 AND 1974
(% dry weight)
Pasture treatment means S;SD
Date A B C D E
2/6/71 100 30 20 37 22 6.4
10/6/74 100 81 70 87 66 10.4




40.

100°0 > d =xxx I0°0 > d = xx G0°0 > & = » G0'0 < d = SN

-93®1 BUIND03S U0 SUOCTISSIAIBal IUaWIRLII-UTYITM JO 2IUBITITUBIS =

+

SH SN 8°6I ¥¥¥ v} 8¢ 6% 43 189 0¢ €€ 9% [43 1¢ 19 0z 11/91

* SN - - 1% 4, ©Yy of 9% 8¢ 3¢ 67 LE 8¢ 0L +mm 6/92

SN SN 9°¢l xx 61 97 (44 02 91 12 01 81 01 6 ce 7T TL/9/LT

SN ¥ 7721 *xx 62 9¢ 9¢ %4 [43 Lz 61 VA L Lz 1% Lz 11/%2

SN SN 6°L ¥¥¥ 61 81 91 %4 12 81 91 194 1 L 01 €< 6/8

SN SN Z°S ¥x¥ 9 9 9 L g S r4 g 0 1 r4 81 1./9/¢C

.MM uo uesul ueoul

37007 -89y -jeeIl  ‘1EOI] L1 Gl %1 €1 11 01 q1 a o) q v -

.wmm uesu Nm 3 .m@< UEIR 124 dsaus mﬁmmm.u 21el wEH S0 sue2W 21 aI1011se
‘01939 *8TS 4ST *0193sK pueis AH| 4 ys) IY301§ ueam JU3wWlIeall ised

(1y8tem ALxp %)
TL6T-TL6T NI SNOISYID0 XIS NO MALSVA FHL NI ¥FTAOTO NVANVIYALENS A0 NOILY0Jodd

6 219B1



41,

UOTJIEB[3II0D 3ATIBIOU = H

TO00 > d = wxx 10°0 > d =2 G0'0 >d =« §0°0 < d = SN

-931e1 3UTMD03S U0 SUOTSSaIT3 ucwEummuuucM:uﬂw Jo 2oueo1ITudIg = +
SN xxx 6°CIT ¥ 1¢ (4 8y G¢ 9¢ 71 1¢ 44 Be 9¢ 14 mH 11/81
SN wwx AR SN LT [A cE 8¢ 8¢ L 71 ot - 6T £t (44 mm 6/¢
SN wr ¥ Cl SN €1 | 61 %4 91 Al 4 v 01 €1 01 L1 mﬂ 7L/9/01
SN % z°¢el SN ST | Tt 91 €¢ 11 6 01 0¢ %1 4/ €1 L 11/92
SN SN ¢8I SN 0L |74 9L 8L L9 09 0L L9 SL 69 6% 18 6/L1
SN SN /71T SN L€ | 1€ oY 6€ 8¢ 19 17 oY mm 9¢ €e 7Y €L/9/81

S uo suesuw sueau :
77907 +8ed *jERxl  r3mail LT ¢TI w1 €1 {1 01 d a J d v oreg
‘89y ursuw %G *2lpy ueem ,
‘ox@39y 819 as1 '0i@3ey puely | (. _®BY daays) suesm 3jea FUI¥D03g SUB3W JUSmIBLI] 2INISEJ

!

(31y819m Lap %)

7L6T-€L6T NI SNOISVDO0 XIS NO AYNISVd THL NI ¥AAOTD NVINVENIIANS 40 NOIINOJOHd

01 =149El



93ex SUTNYD03S WO SUOTSS21891 I1UIWIBLII-UTYITM Jo 3duedTITuldIs =

T100°0>d = x¥x

10°0 > d

i

€0°0

>d = %

60°0 < d = SN

+
SN ¥ 86°0 ¥x¥  C°1 | 1T T T 1 1 A rA T 0 1 z 11/91
SN SN 8°1 * 6°1 4 1 1 € 1 € Y 4 1 1 [4 6/9¢
SN SN 779 ¥XF 0L 7 6 9 o1 9 L 01 4 € 4 61 TL/9/LT
% SN - - S0 10 0 0 0 1 7 [4 0 0 0 0 11/%¢
SN SN 876 * Sy [4 [4 Y7 L [4 01 a1 0] 7 1 4 6/8
¥x ¥y - - 9°¢ 1 T € € 8 9 +mw 0 4 0 Y7 1L/9/¢T

¥S uo suesuw sueau
33007 -89y “Eo13  ‘3IB0I] LT <1 w1 €1 Tt o1 q a 2 g v -
.owwwwm mmwm QWM .owwmww wmmww Aﬂnmx d9ays) 2381 FurO021g SUBIW JUSWIAESII 2INISEBJ

(3y31om Kip %)

ZL6T1-1/6T NI SNOISVOO0 XIS NO TINLSVd FHIL NI SEFILNNTOA dIAVIT-AVOEd 40 NOILYOdOdd

1T °T9EL



43.

100°0 > d =xxx I0°0 > d = v 60°0 > 4 = ¥ G0°0 < d = SN

SN SN 9°8 ¥ B/ Y 7 (4 11 9 0T g 8 9 € 81 11/81
SN SN ¢'91 SN 2°¢¢ 81 £l Le Y4 44 Lz 9¢ 81 G¢ 01 1€ 6/¢
SN SN %°qC SN 0°GE 0¢ 6¢ oY 29 L7 Le 9% 9¢ - 9¢ L1 8%y %./9/01
SN ¥y ¢°81 ¥ [°1C L 8 74 1€ Lz o¢ 8¢ 6 e £ ve 11/9¢
SN SN 1°¢1 SN /£°T11 11 6 1T L1 6 zI 61 6 L1 K 6 | 6/L1

SN ¥y €1 ¥¥ €761 | g8z A4 sz 12 01 01 rAl 12 LE 91 €1 €L/9/81

*dS U0 suesw Ssuwpswm

*33°20) "85y tesa1 -jeoxy
-39y uepsu %S  afpv uesuw (
'oa9313y  *31g dsT ‘oxs3sy puein | I

L1 <1 LA €1 11 01 ! a 2 d v

ey dosys) suesm ajex 3UTy201g Suesul ]JUSWIBDII IINISEBJI

(Audtem Lip 9)
7.61-£.61 NI SNOISVID0 XIS NO TMNISVd THIL NI SYIAINATOA AIAVAT-AV0ET J0 NOILNOJOHd

¢T °1I4qe]



44,

100°0 > d = »¥x 10°0 > d =xx S0°0>d=2x 60°0<4d=SN

93e1 SUTHO03S UC SUOTSS21391 JULAWIRSII-UTYITA JO IJ2UBITITUSIS =

+
SN SN ¢ o1 ‘ ¥xx 1°0% % 9¢ LY LE e 7y 7% 14 €T €T LL T1/91
¥¥ SN - - 97 %¢ 9t [49 A £e 6¢C St 6§ mm o1 91 No 6/9¢
SN SN VAR wxx [7%C 8¢ 9¢ (44 1€ 74 ST 0s S 9 L 9¢ TL/9/LT
SN SN G 6l *»xx 0°6GE 6¢ 8¢ 9t £t 7e oy 8% ¢ 8¢ 3 44 11/%¢
¥¥ SN - - 0°1¢ 7T k&4 LT 1¢ 61 1¢ m z 9 0 9% 6/8
¥ SN - o 7°0¢ [43 £t T¢ Lz 74 sE <9 € 9 T LL 1L/9/T
‘¥s uo  suesm sugaum LT ST 71 €1 11 01 q a 2 g v
‘33300 -89y "®e1l ‘3131l 231ed
-394 ueowm %S ‘3fpv ueouw
‘019394 ‘8IS @ST °"013319H PuBIy Aﬂlmﬂ deays) suesw 231 3UTHI01G sueaW JUSWIBDII JANISBJ

(3y8toM Lad %)
ZL6T-TL61 NI SNOISYDIDO XIS NO TINISVd FHL NI SYFAINATOA (IAVIT-MOYYVN 40 NOIIYOJOdd

€1 2T9BlL



45,

9381 3UTNO01IS U0 SUOTSSaIFII JUIWILDII-UTYITA JO 20UBITITUSIS =
+

100°0 > d = =x 10°0 > d = »» S0°0 > d = ¥ SG'0 < d = SN

¥¥ ¥ - - L716 8% VA Sy LS 19 159 43 9% £s G9 €9 11/81

SN ¥ 9°0¢ SN 9°9¢y 8¢€ 8% €t 1974 99 139 LE 8% Gy g9 8¢ 6/2

% SN - - T°LY LS 9y ov 1¢ LS 99 43 LS 49 Z9 43 %L/9/01

SN ¥ 681 ¥ 9706 09 99 7% 9% 1% 1874 Z¢ A Gy <9 LS 11/9¢
%% BT

SN SN 6°L * 96 11 11 9 01 1 8 L L L 61 8 6/L1

SN SN 711 *¥¥ §G°CC 114 Z4 LT 17 Y4 % €Yy L € 81 (47 £4/9/81

¥s uo sueau sueauw

"JF20) -39y "IBRIl 3Bl L1 ¢1 71 €l 11 01 ! a 0] g v
‘89  ueauw pAY "3[py uesauw ale(d
‘o1931°yg -81g dS1 ‘oxaizoy puein | ( _Bey dsays) sueaw ajex Buryo03S§ sSuepawW 1ULWIE3I} DINISEJ

1

(usten L1p g)
?£61-€L61 NI SNOISVDD0 XIS NO HY¥NISVd FHI NI SYIHINNIOA QEAVAT-MO¥NYN 10 NOIIN0JONd

%1 219l



46.

Although no data were collected on the botanical composition
within either the broad- or narrow-leaved components it was obvious from
visual observation that the proportion of barley grass, ripgut brome
and capeweed was greatest at the lower stocking rates and Vulpia spp.
and Frodium spp. at the higher stocking rates. During 1974, on no
occasion was the botanical composition of either the broad-leaved
component or the narrow-leaved component obviously different between

pasture treatments at similar stocking rates.

8.4 Growth, crude utilization and availability of pasture

8.4.1 1971 Season

The significantly lower pasture production in treatment B and to
a lesser extent in treatment D during the autumn (Figure 2) can be
attributed to the poor growth rate of Wimmera ryegrass and Medea ryegrass
respectively, as these components contributed over 90 per cent of total
pasture production in their respective treatments (Table 5). However,
total annual production was lowest in treatment D (Table 15), associated
with this treatment having the smallest clover component during the
spring period (Figure 1). Highest annual pasture production was
recorded in treatments A and E (Table 15) associated with higher winter
production from Yarloop subterranean clover in treatment A and higher
spring production from Woogenellup and particularly Mt. Barker
subterranean clovers+ in treatment E (Figure 1).

The ranking of treatments based on the crude utilization of pasture

was similarkto that based on pasture growth rate in 1971 (Figure 2),

¥ The partitioning of the subterranean clover component into contributions

by the Woogenellup and Mt. Barker subterranean clover varieties was
only assessed by visual observation.
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The one major exception was in treatment A during the spring period when
the crude utilization was significantly (P <0.01) less than in the other
four pasture treatments.

The availability of pasture on June 2 was significantly lower in
treatment B (P <0.001) and treatment D (P <0.01) than in the other three
pasture treatments and there was little difference in availability of
pasture between these latter three pasture treatments (A, C and E).
However, by September 8 (early spring), the availability of pasture in
treatment A was significantly (P <0.001) greater than in any other pasture
treatment and this advantage continued for the rest of the growing season
(Figure 2).

No within~treatment effect of stocking rate on pasture production
was evident, although a significant (P <0.05) mean (of all treatments)
increase in pasture production with increased stocking rate was recorded
for the period July 5 to September 8 (appendix Table 6). The mean (of all
treatments) crude utilization of pasture significantly (P <0.01 and
P <0.05) increased with increased stocking rate for the two periods
June 2 to July 5 and July 5 to September 8 respectively, and also in all

cumulative periods during the growing season (appendix Table 10).

Mean (of all treatments) pasture availability declined significantly

(P <0.001) with increased stocking rate on all sampling occasions in 1971
with some within-treatment regressions reaching significance(P <0.05) on
two occasions (appendix Table 14),

Only on one occasion (pasture growth during the period April 24 to
July 5) was a significant (P <0.05) interaction between pasture treatment
and stocking rate recorded for growth, crude utilization or availability

of pasture in 1971 (appendix Tables 6, 10 and 14).
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8.4,2 1972 Season

Abnormal rains (170 mm) fell during the 1971/72 summer months
(December 62, January 59 and February 49 mm, Table 2) resulting in a
substantial germination of subterranean clover in all treatments and
some growth of Victorian ryegrass and hybrid phalaris. No pasture
measurements were taken but a considerable quantity of green pasture was
available during this period. However, during March the clover plants
died and all pastures dried off and new pasture growth was not evident
again until the beginning of May.

Availability of pasture was extremely low during the first
sampling period (May 1 to June 27) following almost complete utilization
of pasture grown (Figure 2).

Most evident from Figure 2 is the substantially-higher growth rate
of pasture in treatment A and, to a lesser extent, in treatment [ during
this period. This was associated with a dominant proportion of volunteer
annual species in these two treatments compafed to the dominance of rye-
grass species in treatments B, C and D (Figure 1, Tables 5, 11 and 13).
The different growth rate of pasture between treatments was not positively
associated with the proportion of clover present in the pasture on June 27
as the largest mean clover component was recorded in treatment B rather
than in treatments A or E (Table 9).

The extreme grazing pressure, particularly at the high stocking rates,
resulted in very low levels of available pasture (Figure 2) during this
period and significantly (P <0.05) depressed pasture production was
recorded with increased stocking rate in treatments C and D (appendix
Table 7). However, over all treatments, no effect of stocking fate on
pasture production or interaction between pasture treatment and stocking
rate was recorded (appendix Table 7).

Lower pasture production in treatments C and D in the autumn-



51.

winter period resulted in only marginally less total amnual pasture
production in these treatments (Table 15). However, higher utilization
of pasture during the spring resulted in less available pasture in
treatments C and D at the end of the growing season (Figure 2) although
differences between treatments in pasture availability on November 16
did not reach statistical significance (appendix Table 14).

No influence of stocking rate on mean (of all treatments) pasture
growth was evident in any period im 1972 but crude utilization in two
periods and availability on all occasions were significantly affected by

stocking rate (appendix Tables 7, 11 and 14).

8.4.3 1973 and 1974 Seasons

Rainfall for these two seasons was above the average of 638 mm
(Table 2) and excellent pasture growth (partiéularly in comparison to
1972) occurred in all treatments (Table 15, Figure 2).

Few differences due to pasture treatment were recorded in pasture
production during 1973 and 1974. Some association of lowered pasture
production with a higher broad-leaved component in some treatments was
evident but inconclusive. The uniformity of pasture‘production between
treatments in 1974 was associated with a four-year trend (1971 to 1974)
toward like botanical composition in all pasture treatments (Figure 1)
with the exception of a persistent hybrid phalaris component in treatment E,

In 1973 a significant increase (P <0.05) in pasture production
was recorded with increased stocking rate for the spring and total
annual pasture production in treatment A, and for the mean of all
treatments in these two periods (appendix Table 8). No such relationship
was obvious in 1974.

Pasture availability was marginally lower in treatment E during

the autumn and winter of 1974 with a particularly marked depression
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during the spring (Figure 2). This was associated with significantly
(P <0.01) higher crude utilization of pasture in treatment E during the
spring.

Pasture availability decreased as stocking rate increased in all
treatments on all occasilons in 1973 and 1974 and regressions of mean
(of all treatments) pasture availability on stocking rate were always
significant (P <0.05) with one exception on June 10, 1974 (appendix

Table 15).

8.5 Subterranean clover seed production and reserves

Hard seed reserves of subterranean clover, measured in August
1973, were significantly higher in treatments A and B compared to the
other three pasture treatments (Table 16). This was associated with
high availabilities of clover herbage in treatment A throughout 1971 and
1972 and in treatment B throughout 1972 (Table 17). However, regressions
of the 1973 hard seed reserves measured in each paddock on the proportion
(% dry weight), production and availability of clover herbage for each
sampling period/occasion in 1971 and 1972 were performed and the only
significant variate was the availability of clover herbage measured on
September 26, 1972,

In treatment D, there was a significant decrease in the 1973 hard
seed reserves with increased stocking rate and this was the only occasion
on which stocking rate could be significantly (P <0.05) correlated with
any subterranean clover seed parameter, within any pasture treatment or
over all pasture treatments, during the experimental period.

The proportions of black seed (non-Yarloop) in the overall pool
of hard seed réserves sampled in August 1973 in treatments A, B, C, D and
E were 1, 4, 8, 5 and 21 per cent respectively with approximately equal

proportions of black and white seed sampled above and below ground.
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CLEAN SEED YIELD OF SUBTERRANEAN CLOVER SAMPLED ON FOUR OCCASIONS DURING

Table 16

THE EXPERIMENT

(kg ha™ 1)

53.

Pasture  treatment means

Sampling Date A B C D E LSD
5%
Hard seed August 1973 | 389 349 164 185+%*+ 139 94,
Seed prod. below 1973 234 87 166 208 167 126.
Seed prod. above 1973} 57 31 46 54 43 25.
Total seed prod. 1973 | 291 118 212 262 210 147.
Hard seed August 1974 | 334 272 154 189 177 98.
Seed prod. below 1974 | -30 187 246 155 143 170.
Seed prod. above 1974 85 | 55 74 41 66 32.
Total seed prod. 1974 55 242 320 196 209 163.
*% = P < (.01
+

significance of within-treatment regression on

stocking rate.
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There was only a slight decline (c. 1%) in these proportions in the August
1974 sampling.

There was little between-year change in the hard seed reserves
from 1973 to 1974, with the exception of a 22 per cent decline in
treatment B (Table 16). The 'negative production' of below-ground seed
in treatment A during 1974 would seem highly unlikely and must be
attributed to sampling error, as there was no evidence of germination
in the period August 1974 to January 1975 and the above-ground seed
production was very similar to that in the other four pasture treatments
(Table 16).

The data show that in both years in which the seed reserves were
measured in January, by far the greatest proportion of seed present at
that time was buried below ground+ (Table 16) and appeared unrelated to
treatment or stocking rate.

Regression analysis of clean clover seed produced in each paddock
on seven pasture variates (measured in corresponding paddocks) was
performed for the 1973 and 1974 data.

The pasture variates used were:

(1) Availability of clover herbage at the end of winfer.

(2) Availability of clover herbage at the end of spring.

(3) Mean availability of clover during the spring.

(4) Proportion of clover (% dry weight) at the end of winter.
(5) Proportion of clover (% dry weight) at the énd of spring.
(6) Mean proportion of clover (% dry weight) during the spring.
(7) The production of clover herbage during the spring.

Clean seed production in both years was significantly correlated

It is not to be implied that this was the actual ratio of seed produced
above to that produced below during the growing season as no account

has been taken of seed eaten or otherwise disappearing during the period
August to January.
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only with the availability of clover at the end of each respective

spring according to the following equations

1973 y = 63.48 + 0.479x - 0.00024x>, r> = 0.46, P <0.001

1974 y = 24.98 + 0.188x, r> = 0,52, P <0.001
where y = clean clover seed production (kg haﬁl) measured in 1973 and
and 1974 respectively
and x =

occasion in 1973 and 1974 respectively.

availability of clover (kg ha_l) measured on the last sampling

It is interesting to note here that, although there appeared to be |

i
|

l
an increase in the amount of clover seed produced with increased avai111t>ilitw

of clover herbage at the end of the 1974 growing season, there was no

recorded effect of stocking rate on clover seed production in 1974,

This

was despite the significant (P <0.05) mean (of all treatments) increase

in the availability of clover with increased stocking rate recorded on

November 18, 1974 (Table 18).

8.6 Sheep liveweight data

The following points are evident from Figure 3.

§8§.6.1 General Trends

a) The recorded pattern of liveweight change in the sheep is
characteristic for the Mediterranean~type environmeﬁt, with a
decline in live weight during the summer and autumn (and in 1972,
winter also) and increase during the winter and spring.

b) Minimum, and maximum, live weights were recorded simultaneously in

all treatments in all years.

c) In the three years 1971, 1973, and 1974 minimum live weights weTe

recorded during the same fifteen day, calendar period in each year

(April 18 to May 3). 1In 1972, minimumlive weights were not reached
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until July 12 following the late seasonal break.
d) The diminishing within-year magnitude of difference in live weight

between pasture treatments over the experimental period (1971 to 1974).

In comparison to the other four pasture treatments the mean live
weight in treatment B declined more rapidly prior to the opening rains
in April, and during May all sheep died from undernutrition at the
highest stocking rate (17 hahl) in this treatment (appendix Table 29).
Treatment B ranked significantly (P <0.001) lowest in mean live weight on
all weighing occasions in 1971 and on the first weighing in 1972 (January
19) prior to shearing. However, once new pasture growth occurred in
April, liveweight gain was greater in treatment B than in treatment D.
Five distinct periods of differential liveweight change between
pasture treatments were recorded:
a) The initial period from the allocation of the sheep to their
respective paddocks to the first paddock weighing (February 10).
The decline in the live weights in treatment B was the most significant
aspect in this period.
b) May 3 to June 23 - markedly superior liveweight galn was recorded
in treatment A and, to a lesser extent, in treatments C and E.
c¢) June 23 to August 24 - superior liveweight gain was only recorded
in treatments A and E.
d) August 24 to October 5 - substantial liveweight gain only occurred
in treatment A.
e) October 5 to November 11 - liveweight gain in treatment A was the
lowest of all pasture treatments.
A significant effect of stocking rate on the mean (of all treatments)

live weight was first recorded on June 23 and an interaction between
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stocking rate and pasture treatment was recorded on November 11
(heterogeneity of regression coefficients was significant (P <0.001)).
This latter interaction was manifested in the different patterq of change
(with time) in the value of the regression coefficient of the higher
ranked pasture treatments (A, E and to a lesser extent C) compared to

the lower ranked treatments (B and D) after August 24, The higher ranked
pasture treatments recorded a marked maximum depression of live weight
with increased stocking rate on August 24 compared to a less marked

maximum on October 5 in treatments B and D.

8.6.3 1972 and 1973

Significant aspects evident in the mean liveweight response during

1972 and 1973 were:

a) The more rapid liveweight gain in treatments A and B compared to
the other pasture treatments following the late start to the growing
season (May 1, 1972). This superior liveweight gain in these two
pasture treatments continued until the end of September. The mean
liveweight in treatment A was also significantly (P <0.05) higher
than in the other four pasture treatments on August 16 and September
28, 1972.

b) Treatment B increased in rank (liveweight basis) during the 1972/73
season from the lowest ranking on March 8, 1972 to the highest on
January 17, 1973,

c) Following the seasonal break in 1972, treatment D ranked the lowest
and treatment C the second lowest, in mean live weight throughout
1972 and 1973. The mean livewelight in treatment D was significantly
(P <0.05) lower than the mean live weight in all other pasture
‘treatments on two occasions (November 29, 1972 and January 17, 1973)

and significantly (P <0.05) lower than the higher ranked two pasture
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treatments (A and B) only on some other occasions.

d) A significant (P <0.05 but usually P <0,001) effect of stocking rate
on the mean (of all treatments)liveweight was recorded on all
occasions in 1972 and 1973 except on November 20, 1973. 1In all
cases increased stocking rate resulted in lower mean live weights of
the sheep.

e) Although large differences existed between pasture treatments in the
magnitude of the regression coefficient on many occasions in 1972
and particularly in 1973 (i.e. January 17 to July 17, 1973), signifi-
cant differences (P <0.05) were only recorded on three occasions
i.e. April 18, 1972, Auguét 21, 1973 and October 3, 1973, and in all
cases, the decline in live weight with increased stocking rate was
greatest in treatment D.

Also in treatment D, the maximum value of the regression coefficient
was not reached until January 17, 1973 after the 1972 season although
maxima were attained on September 28, 1972 in the other four pasture
treatments. However in 1973, the pattern of change in value of the

regression coefficient with time was similar in all pasture treatments.

8.6.4 1974

No significant (P »0,05) difference in mean live weight between
pasthre treatments was recorded in 1974. Significant effects of stocking
rate on live weight were only recorded (and then only iﬁ some pasture
treatments) on three occasions i.e. immediately before, at, and immediately
after the occurrence of minimum live weight (May 1, 1974)., The value of
the regression coefficient was again highest in treatment D for most of
the season although a significant (P <0.05) interaction between stocking
rate and pasture treatment on live weight was only recorded on one

occaslon (June 6, 1974),
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8.7 Annual wool production

Significant interacﬁions between pasture treatment and stocking
rate on the clean wool produced per head and per hectare were recorded
in both 1971 and 1973 but not in 1972 and 1974 (Table 19, Figures 4 and 5).
With the exception of the mean (of all treatments) clean wool produced
per head in 1974, stocking rate significantly (P <0,001) affected the
mean (of all treatments) clean wool produced, both on a per head and
per hectarebasis, in all years. The slopes of the mean regression lines
were negative in the case of annual clean wool produced per head and
positive in the case of annual clean wool produced per hectare (Figures
4 and 5).

The significance of individual within-treatment regressions of
annual clean wool produced on stocking rate are given in Table 19, In
no case could a polynomial relationship of higher order than a linear
relationship be statistically justified over the range of stocking rates
used in this experiment.

The mean annual clean wool produced was considerably lower in
treatments B and D compared to the other treatments in 1971 (Table 19).
The statistical significance of the difference in treatment means cannot
be calculated due to the interaction between pasture treatment and
stocking rate in 1971.

In 1972 treatment D produced the least, and treatment A the most,
clean wool. The difference between these two treatmeﬂts and the next
ranked pasture treatment (above and below respectively) was significant
(P <0.05) in both cases.

Clean annual wool production was again lowest in treatment D in
1973, but there was no difference in production recorded between pasture

treatments in 1974 (Table 19).
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The mean (of all treatments) quantity of clean wool produced was
very similar in 1971 and 1972 and maximum annual production occurred in

1973 (Table 19).

8.8 Tleece characteristics

No significant interaction between pasture treatment and stocking
rate was recorded for any of the fleece characteristics in any year
{(Tables20 and 21). Significant (P <0.001) differences between pasture
treatment means were recorded for staple length and fibre diameter and
(P <0.05) for yield in 1971 only and not in any of the following three
years (Tables 20 and 21). Treatments ranked (on a staple length and
fibre diameter basis) as follows, with differing subscripts indicating
a significant (P <0.05) difference between pasture treatment means.
Staple length - Ea > Ca > Aab > Db > Bc

Fibre diameter - A >E, >C >D,  >B

ab b c

Highly significant (P <0.00l) mean (of all treatments) regressions
(negative in slope) of staple length and fibre diameter on stocking rate
were recorded in 1971 and 1972 and with less significant correlation in
1973. Significant negative correlations between stocking rate and both
yield in 1972 and crimp frequency in 1973 were also recorded (Tables 20
and 21).

Fibre diameter increased and both crimp frequency and yield
decreased between years from 1971 to 1974 (Tables 20 and 21). In each
case, the mean (of all treatments) regression of fleece characteristic

on year was significant (P <0.05).

8.9 Seasonal wool production

Season had a far greater influence on wool growth rate than did
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pasture treatment. This is clearly demonstrated in Figure 6 by the
amplitude of fluctuations in the changing rate of wool growth compared
to the magnitude of between-treatment differences in wool growth rate
during the experimental period.

During 1971 and 1972 the mean wool growth rate varied in a similar
pattern to the mean liveweight change in the sheep (Figures 3 and 6)
with periods of maximum rate of wool growth approximately coincidiné
with periods of maximum liveweight gain in the sheep.

In 1971 the mean live weights of the sheep increased throughout
the spring and early summer but the mean wool growth rate declined from
the end of October. However in 1973 and 1974 the mean wool growth rate
declined from the beginning of August and the beginning of July
respectively with a plateau and peak in mid-November and mid-December
respectively. In both these years (1973 and 1974) this decline in wool
growth rate during the spring occurred despite constant liveweight gain
of the sheep during this period (Figure 3).

| With large, seemingly random, fluctuations in the value of the
regression coefficient (wool growth rate change per unit increase in

stocking rate) with time (Figure 6), significant (P <0.05) Stocking rate x

Pasture treatment interaction in respect of wool growth rate was only

recorded in the first three growth periods in 1971 (Figure 6). 1In

these three periods, wool growth rate in treatments E and A was léss
depressed by the higher stocking rates than in treatments C, B and D (the
latter three treatments being ranked on increasing absolute value of the
regression coefficient). In all other growth periods in 1971 and 1972,
significant (P <0.01) and usually P <0.00l) differences in the mean wool
growth rate between pasture treatments were recorded (Figure 6). The

only two exceptional periods were during the mid-summer of 1971/72 and

1972/73.
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However in 1973 and 1974, only in two consecutive growth pefiods,
was a significant difference in wool growth rate between pasture treat-
ments recorded (during the spring of 1973).

The ranking of pasture treatments based on mean wool growth rate
was consistent with the ranking of treatments based on mean live weight
on most occasioms in 1971 and 1972. This applied in the case of treat-
ments D and B even though, on the basis of liveweight EEEEJ the order
was reversed. Treatments E and B dﬁring most of 1971 and treatments
A and D in 1972, ranked highest and lowest respectively in terms of both
wool growth rate and live weight (Figures 3 and 6).

In all growth periods in 1971 and 1972 the mean (of all treatments)
depression of wool gréwth rate with increased stocking rate was
significant (P <0.05 and usually P <0.001) but in 1973 and 1974 a
similar relationship was only recorded significantly (P <0.05) in some

growth periods during the late winter and spring (Figure 6).
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Figure 6: Mean clean wool weight and linear regression coefficient of clean wool weight on stocking rate for each pasture treatment.
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9. DISCUSSION AND CONCLUSION

9.1 Animal production in relation to botanical composition

It is necessary to first refer to the fact that treatment A did
not have the tillage and seedbed preparation, or the sowing of new species.
While it is acknowledged that in some respects this has a confounding
influence, the pasture treatments are best regarded as 'mini systems'
which can be validly extrapolated to the farm situation. In this respect,
the various pasture treatments or pasture systems, with superimposed

stocking rate treatments, are quite valid.

9.1.1 The importance of subterranean clover

The outstanding result from this experiment is that the renovation
of the existing volunteer annual grass ~ Yarloop subterranean clover
pasture by the tillage, seedbed preparation and sowing of the four grass -~
subterranean clover mixtures did not result in either increased live
weight or wool production from the grazing wethers during the set-stocked
experimental period of four years. In fact, lower pasture and animal
production occurred in the three ryegrass treatments during the first and,
to a lesser extent, the second and third years of set stocking.

The differences in productivity can be attributed to the extensive
differences in availability of clover that existed between pasture
treatments in 1971 and, to a lesser extent, in 1972 and 1973, following
the renovation and pasture management procedures carried out in 1970.

It is difficult to ascribe animal productivity to the quantity
and quality of pérticular botanical components of grazed pasture and
the quantitative and qualitative intake of pasture fy the grazing animal

may be related (Conrad 1966). The most important single determinant of
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ruminant production at a particular time is the quantity of feed being

harvested by the animal, and this is very often the immediate limiting

factor to animal production. Demonstration of qualitative differences
can only be accomplished when allowance has been made for differences
in quantity of feed eat.en (Lambourne 1969).

In the comparison of treatments cited below, quality and quantity
of pasture are confounded because total pasture production was usually
higher in those treatments with a higher clover component.

Nevertheless, the data that have been presented, strongly implicate
the availability of the subterranean clover component as being the
dominant factor in the determination of animal production in this
experiment. Tt ma& be argued that the differences in animal performance
in any of the.treatment comparisons cited below, may be due to the higher
quality of the non-legume component., However this is unlikely to be true
as there is little evidence in the literature for substantially-superiorx
nutritional value of any of the volunteer or sown grass specles comprising the
pastures in this experiment. TFor example, McIvor and Smith (1973c)
reported little difference in the dry matter content, nitrogen content of
leaves and in vitro digestibility of a number of temperate annual
pasture species including ripgut brome, barley grass and annual Yyegrass .

Thus during the autumn of 1971, for example, it is unlikely that the

superior liveweight gain recorded in treatment A was due to the higher

nutritional value of the barley grass-dominant pasture compared to the

pasture comprising dominant ripgut brome and hybrid phalaris in treatment
E or Victorian ryegrass in treatment C, but rather to the higher

proportion and availability of subterranean clover. Certainly there

was no substantial difference between these pasture treatments in

pasture production, crude utilization or avallablllty of pasture during

this period. Thls example quoted is the only one in which superlor
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quality per se of the clover herbage was clearly demonstrated because

equivalent levels of production,utilization and availability of total

pasture were rtecorded.

Further examples implicating the availability of clover as the
main determinant of animal production in this experiment are as follows:
(1) The proportion and availability of clover, together with the

total availability of pasture, were significantly greater in
treatment A during the winter of 1971, and only in this treatment
did the mean live weight increase substantially during this period.

(2) Comparing the three ryegrass treatments B, C and D during the
growing season of 1971, the lowest availability of clover was
recorded in treatment D and this was associated with the lowest
liveweight gain being recorded in this treatment.

(3) During the winter and spring of 1972 the rapid liveweight gain in
treatment B was associated with maximum proportion and availability
of clover being recorded in this treatment. The increased
performance of the sheép in treatment B during 1972 is demonstrated
by the change in rank (1ivéweight basis) of this treatment, from
fhe lowest on March 8, 1972 to the highest on January 17, 1973
and‘this was assoclated with this treatment having the greatest
between-year increase in the size of the subterranean clover
component of all the pasture treatments from 1971 to 1972.

(4) The lower liveweight gain during the winter of 1972 in treatments C,
D and E was associated with lower availabilities of subterranean
clover during this period.

(5) The decline in live weight with‘incréased stocking rate was greatest
in treatment D throughout 1973 and 1974 and only in this treatment
was a decréase in the proportion of clover with increased stocking

rate = recorded.
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9.1.2 The vole of other species

Apart from the role of subterranean clover, no other consistent

relationship between the size or presence of a particular pasture component

and animal performance was evident in this experiment although two isolated

instances are worthy of note.

(1) The greater liveweight loss in treatment B, prior to the opening

of the season in 1971, can only be explained by the poor nutritional

value of the available feed in this treatment over the summer periocd.

The availability of pasture at the end of the 1970 growing season

was similar in treatments B and E and even lower in treatment A.

Reasons for this poor QUality of feed in treatment B are possibly:

a)

b)

A lower clover component in the dry summer residue resulting
from suppression of this component by the Wimmera ryegrass
during the spring of 1970, even though an attempt had been
made to prevent this happening by the strategic grazing of

the pasture at that time.

Lower nutritional value of the Wimmera ryegrass itself, due to
a lower number of seed heads being available to the sheep in
comparison to the previously ungrazed Victorian and Medea
ryegrasses. However, these latter two treatments also had
higher availabilities of pasture at the end of the 1970 growing
seasomn.

In comparison to treatments A and E the Wimmera ryegrass may
have been of lower nutritive value than the dominant barley
grass and ripgut brome components that comprised treatments A
and E respectively. Radcliffe and Cochrane (1970) reported‘
that in Wimmera ryegrass the digestibility declined at the
rate of 0.9 units per day in the month following flowering

compared‘to an average of 0.3 to 0.5 units per day for phalaris,
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brome grass, silver grass, barley grass, Yarloop subterranean
clover and barrel medic. They also recorded a low crude
protein content in Wimmera ryegrass 1n mid-December.

(2) During 1971 and 1972, the decline in rate of liveweight gain in
treatment A during mid to late spring and marked decline in wool
growth rate during the spring of 1971 compared to the other pasture
treatments could be attributed to an excessive production of, and

aggravation by, barley grass inflorescences {(Campbell et al. 1973).

9.2 Persistence of sown species

9.2.1 Grasses

The almost total failure of Medea ryegrass to demonstrate any
perennial characteristics under continuoﬁs grazing in this experiment
was both unexpected and difficult to explain and repudiates the original
claims of increased individual plant persiétence by this cultivar, at
least under the conditions imposed in this experiment. Certainly, Medea
ryegrass demonstrated adequate seed production and an ability (marginally
greater than Wimmera ahd Victorian ryegrasses) to regenerate from self-
sown seed following two summers in this environment.

However, as has frequently been demonstrated in the past, the
behaviour of plant species under continuous grazing way differ from that
demonstrated under cutting or short, periodic grazing regimes (Davidson
1969).

Subsequent to the completion of this experiment, reports of
wide variability in the summer dormancy and persistence of Medea ryegrass
have been received in South Australia (Higgs, personal communication).

An experiment (Gibson, unpublished) carried out in 1971 and 1972

on Kangaroo Island to define the best first year grazing management
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practice for Medea ryegrass demonstrated that this species could exhibit
a marked degree of perenniality when intermittently grazed during the
spring and summer in this enviromment, but not when under continuousg
grazing by sheep.

The lack of persistence of Victorian ryegrass over more than three
summers in thié environment agrees closely with the findings of Carter
and Day (1970), on Kangaroo Island. These authors attributed the decline
in the perennial ryegrass component, in their experiment, to the dry
spring and summer conditions. The death of the Victorian ryegrass plants
in this experiment occurred predominantly over the 1972/73 summer which
also followed the driest spring and summer encountered during the
experimental period: the total rainfall during the 1970/71, 71/72,

72/73 and 73/74 spring[summer periods being 172, 354, 91 and 247 mm
respectively.

The influence of increased stocking rate in hastening the between-—
year decline in density of Victorian ryegrass plants, and the proportion
of this species in the pasture, was clearly demonstrated in this experiment.
Decreased persistence of peremnial ryegrass with increased stocking rate
has also been reported by Cameron and Cannon (1970) in Victoria.

In this Kangaroo Island experiment the species failed to persist
even at the lowest stocking rate and it seems likely that the dry spring/
summer conditions, possibly in combination with continuous grazing during
this period,probably caused the lack of persistence of this species in
this environment.

The high degree of persistence of the hybrid phalaris during the
experimental period, irrespective of stocking rate, is in marked contrast
to that of the ryegrass species and demonstrates the ability of this
species to persist under variable management and environmental influences.

This finding is in accordance with that of Hutchinson (1970) at Armidale,
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New South Wales, in a different environmment and with that of Reed (1974)
in a more similar environment at Glenormiston, Victoria. Both of these
workers also demonstrated an interaction between survival of perennial
grass species and stocking rate in their experiments.

Although stocking rate did not influence the density of hybrid
phalaris plants, it did influence their size and also the proportion of
this species in the pasturey however, statistical significance could
not be demonstrated during the experimental period. Visual appraisal
of the pastures during the spring of 1975 and 1976 (after intermittent
grazing during these two years) revealed a continuation of the between-
year trend towards increasing plant size and proportion of the hybrid
phalaris in the pasture. In some paddocks the proportion was estimated
to be between 30 and 40 per cent of the total available pasture. This
highlights the problem of evaluating pasture species only over a £elatively
short period (4 years) when the long term (at least 10 years) changes in
botanical composition may be important.

A further grazing experiment (Gibson, unpublished) in which the
same hybrid phalaris has been compared with perennial ryegrass and
Demeter fescue under grazing at three stocking rates in a higher rainfall
environment, has since demonstrated high pasture production from the
hybrid phalaris at the higher plant densities obtained in that experiment.
However there was no advantage over the other pasture species in terms of

animal production.

9.2.2 Subterranean clover

The partial replacement only of Yarloop with Mt. Barker and
Woogenellup subterranean clovers in the renovated treatments in 1970,

proved unsuccessful in maintaining a low proportion of Yarloop subterranean
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clover in the overall clover component after a period of four to five
years.

Although, in 1970, the growth and seed set of the introduced
subterranean clovers was suppressed to some degree by the vigorous growth
of the ryegrass in treatments B, C and D, this did not occur in treatment
- B, yet Yarloop successfully invaded this treatment. This is highlighted
by the level of hard seed reserves present in August 1973 in treatment E
(c. 140 kg ha_l) of which only 21 per cent was non-Yarloop seed. However,
as the level‘of subterranean clover seed reserves was not measured in
1970, it is uncertain to what extent any initial reserves were important
in enabling the rapid invasion of Yarloop into the pastures to take
place in subsequent years.

Beale (1974) found that germination of hard and soft seed of
Yarloop from an initial reserve on Xangaroo Island, continued at a very
high level in the second and third years and only began to fall off in
the fourth year. This is in contrast to the findings of Domald (1959)
and Taylor (1972) who found that the majority of subterranean clover seed
germinated in the first year after the seed was set and that the level of
régeneration fell rapidly in subsequent years. Howéver, these latter
two workers did not include Yarloop in their experiments and Beale (1974)
suggests that Yarloop has a greater capacity for continual regeneration
from seed than has been observed in Geraldton, Dwalganup, Bacchus Marsh,
Mt. Barker and Tallarook subterranean clovers.

In this report experiment the level of hard seed reserves were
similar in treatments A and B by August 1973 indicating that any decline

treatment B, following the pasture renovation
1 performed in this treatment, were only temporary.
possibility of replacing Yarloop with

1ean clover are presently in progress on
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Kangaroo Island. Particular attention is being paid to minimizing the
germinable pool of Yarloop seed, prior to the sowing of new cultivars.
Various tillage practices, such as mouldboard ploughing to deep-bury the
seed and/or repeated cultivation to kill successive germinations of
Yarloop are being evaluated (Beale et ail. 1976).

The lack of evidence for the influence of stocking rate on the
hard seed reserves and the seed production measured in 1973 and 1974 in
this experiment, indicates that adequate levels of Yarloop seed reserves
can be maintained, irrespective of the level of set stocking; at least
over the time period and range of stocking rates used in this experiment.

The proportion of clover in the pasture on many occasions and
particularly on the final sampling occasion in the spring of each year
(except 1972), and the avgilability of pasture on nearly all sampling
occasions during the experiment, were respectively positively and
negatively correlated with stocking rate. Hence the net influence of
stocking rate on the availability of clover herbage is dependent on the
degree to which stocking rate influences both the proportion of clover
in the sward and the total availability of pasture. 1In 1971 and 1972,
there was no evidence of stocking rate influencing the availability of
clover on any occasion and in 1973 and 1974,negative and positive
relationships were recorded respectively.

In 1973 and 1974,only c. 507 of the variability in clover seed
production was accounted for by the availability of clover at the end of
the growing season. This is not surprising considering the possible
variability in both the seed production and clover availability data due
to sampling. This latter point is highlighted by the anomolous result
obtained in 1974 when clovér seed production was not influenced by stocking
- rate eQen thouéh the former was related to the availability of clover,

and stocking rate influenced the availability of clover.



Nevertheless, it is clear from both the pasture production data
and the data on clover seed production and reserves that Yarloop is
extremely well adapted to this environment with its outstanding growth
during the winter and early spring and with its ability to set copious

supplies of seed when grazed at both high and low stocking rates.

9.3 Invasion of non-leguminous species

The invasion of the renovated treatments B, C and D by volunteer
annual species proceeded concurrently with the decline in the ryegrass
component, and by 1974 obvious changes in botanical composition due to
stocking rate were evident. The higher proportion of ripgut brome,
capeweed and barley grass at the lower stocking rates, and Vulpia and
Erodium spp. at the higher stocking rates, agrees with the findings of
other workers (Sharkey et al. 1964, Davies 1966, Carter 1968b).

The occurrence of cluster clover and winter grass at the highest
stocking rates as reported by Carter (1968b) and Brown (1976a) was not
evident. However, it is possible that the effective grazing pressure
(in addition to the actual stocking rate) at the highest stocking rate
in this experiment was lower than in the above two experiments where
there was need for regular supplementary feed in Brown's experiment and
sheep deaths at the highest stocking rate in Carter's experiment. 1In
this report experiment, sheep that died from uﬁdernutrition were from
mainly one treatment (B) and tﬁese deaths occurred in only one year (1971).

The dominanée of ripgut brome in the absence of grazing in
treatment E during 1970 supports the observations of the Californian
workers (Talbot and Biswell 1942, Jones and Evans 1960) and also those of

Rossiter and Pack (1956) in Western Australia.



82.

9.4 Interaction of stocking rate and botanical composition in

the determination of animal production

It has been clearly demonstrated that the differences in animal
production recorded in this experiment involving various pasture treatments
and stocking rates wereusually associated with the qualitative and
quantitative presence of subterranean clover in the pasture. The presence
or absence of other species (whether sown temperate, perennial or annual
specles, or volunteer, broad-leaved or narrow-leaved annual species)
could not consistently be associated with changes in animal productivity
in this experiment. The marked invasion of Yarloop into the renovated
pasture treatments occurred at all stocking rates and, although the
availability of clover may be influenced by stocking rate within any one
season, in the longer term the presence of Yarloop appears independent
of stocking rate. Hence the excellent adaptation of Yarloop in this
environment, with its rapid growth during the winter and early spring and
its ability to set copious supplies of seed with potehtial for germination
over a number of years, seems to have guaranteed these pastures a degree
of quantitative and qualitative independence of stocking rate. It
therefore is important to state, that in the long term, there appears
to be no obvious interaction of stocking rate and botanical composition
in the determination of animal production in this enviromment. This is
not to say that no such interaction occurred in this experiment (as it
obviously did in 1971) but the difference in botanical composition was
primarily a result of the pasture renovation practice rather than as a
direct result of imposed stocking rates. The obvious effects of the
renovation practice in terms of botanical composition were only evident
in the short term.

The short term interaction of pasture treétment and stocking rate

in determining animal production is best seen by comparing the quantity
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of clean wool produced per hectare in 1971 in treatments A and D. The
absence of a significant component of Yarloop in treatment D during 1971
and most of 1972 resulted in an almost constant quantity of clean wool
per hectare being produced over the range of stocking rates. Only in
1973 was there a significant increase in clean wool produced per hectare
with increased stocking rate. In contrast, maximum clean wool per hectare
was produced at the highest stocking rate in treatment A in all years
with no indication (except perhaps in the poorest pasture year of 1972)
“that the potential maximum clean wool per hectare had been attained.
However, in 1974 there was no difference between these pasture treatments
in the relationship of clean wool produced per hectare and stocking rate;
a result of a significant legume component comprising the pastures of

both pasture treatments.

9.5 Wool production and fleece characteristics

Clear evidence has been produced for an inverse relationship
between the clean fleece weight and stocking rate of the wethers in this
experiment. This result is to be expected in the light of previously
reported experiments with wethers (Arnold and McManus 1960, Cannon 1969,
Carter and Day 1970, Brown 1976) and with ewes (Davies 1962@1Mor1ey
et al. 1969). The reduction in fibre diaﬁeter and staple length with
increased stocking rate, as recorded in this experiment, has also been
reported in previous experiments (Sharkey et al. 1962, Cannon 1972,
Langlands and Bennett 1973, Lipson and Bacon-Hall 1974, White and
McConchie 1976, Brown 1976b). However, McManus et al. (1964) in the
Canberra environment, found no significant effect of stocking rate on
the fibre diameters, staple lengths and subjective characteristics of
Merino fleeces. However these workers did observe stocking rate effects

on the seasonal changes in fibre diameter and staple length during their
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experiment. Similar seasonal trends have been recorded by Roe et al.
(1959) and Sharkey et al. (1962).

The obsetved decrease in staple crimp frequency with increased
stocking rate in 1973, an& the lack of response of this characteristic
to stocking rate in other years in this experiment, is in contrast to
the positive relationship reported by White and McConchie (1976), Cannon
(1972) and Langlands and Bennett (1973).

Cannon (1972) reported both increases and decreases in yield of
clean wool with increased stocking rate (depending on the level of
superphosphate application in his experiment) while Langlands and
Bennett (1973) and White and McConchie (1976) reported no relationship,
However in this report experiment, a negative relationship was recorded
in 1972 which is in accordance with the findings of Brown (1976b) who
recorded a similar relationship in four consecutive years.

Although no significant interaction between pasture treatment and
stocking rate was recorded for any of the fleece characteristics in any
year, significant differences between pasture treatments were recorded
in this experiment in 1971;

There appears to be no experiment reporting a significant effect
of pasture type on the fleece characteristics of grazing sheep. In one
study reported from Canberra, A.C.T. (McManus et al. 1964) in which the
fleece characteristics of Merino wethers grazing either a phalaris-
subterranean clover pasture or an annual pasture comprising subterranean
clover, Bromus spp. aﬁd barley érass were compared, no.effect of pésture
type on any fleece characteristic was recorded. However, ‘large
differences in the pfoportion and availability of the pasture legume
componént did not exist in that experiment and hence the result is not
in discord with this Kangaroo Island experiment.

In most experiments reported, the fleece characteristics of the
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grazing sheep have been insensitive, not only to botanical composition
but also to pasture management practices (other than stocking rate).

For example, 1solated instances only (and then in only one year) have been
reported where the level of superphosphate application (Cannon 1972,

White and McConchie 1976) or grazing management (Brown 1976b) have

significantly affected any fleece characteristic.

9.6 Efficiency of high stocking rates

‘There is no doubt that the use of higher stocking rates on the
annual-type pasture typical of the Mediterranean-type climate in southern
Australia will result in increased animal production, particularly wool
production as recorded in this experiment (Lloyd Davies and Humphries
1965, Carter 1965, Carter and Day 1970, Carter 1973, Brown 1976b).

The efficiency of wool production in relation to pasfure production
and rainfall, was clearly dependent on stocking rate (Table 22) and this

experiment highlights the biological and economic inefficiency of low

stocking rates. The indices of total clean wool production, in relation

to rainfall, show a close parallel with that for pasture production, and
emphasize the improﬁed efficiency of water use at highef stocking rates.

‘The percentage crude utilizétion of green pasture ranged from 577% to 73%

at the lowest and highest stocking rates respectively (Table 22).

Total annual crude utilization of pasture (including the pasture utilized
or otherwise disappearing over the summer months) would be much higher.

Carter (1973) reported total annual crude utilization values of 96.2% at

a stocking rate of 22.2 sheep ha“1 in his stocking rate experiment on

annual pasture at the Waite Institute, South Australia. Those stocking
rates in which a crude utilization value of 82% was recorded were perfectly

safe resulting in no undue stress on the experimental wethers under the

e e e A R
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conditions of his experiment,

This experiment has demonstratéed an approximate linear response
of wool production to increase in stocking rate up to the maximum of
17 wethers bxa"1 imposed in this experiment without any obvious adverse
effects on the productivity of the grazed pastures. This is not to say
that all pastures in this environment should be stocked at this level
as allowance must be made for the additional requirements of breeding
sheep and young growing sheep. In addition, the social and risk factors
associated with high stocking rates must also be taken into account
(Carter and Day 1970, McArthur 1970, McArthur and Dillon 1971) and it
must be realized that probably three out of the four years of set

stocking in this experiment, experienced above-average seasonal rainfall.

9.7 Conclusion

Although one cannot extrapolate the results of this relatively
short-term experiment to the longer-~term without some degree of uncertainty,
this experiment has indicated that in the past undue emphasis may have
been placed on minimizing the contribution of many of our volunteer annual
grasses and herbs and éttempting to stabilize botanical composition by
sowing temperate perennial species rather than ensuring that an adequate
legume component is present.

Provided that the problem of clover—induced infertility in ewes
can be overcome, either by sheep selection and/or managerial means or by
the replécement of Yarloop subterranean clover with an equally-productive
and well adapted legume, high animal production should be maintained from
the annual pastures in this environment.

‘Certainly, change in botanical composition resulting from various

stocking rates per se is no cause for alarm, but rather it indicates the
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weaknesses of our sown species and the strengths of many of our naturally-

occurring volunteer annual species.

Table 22

MEAN PRODUCTION DATA AND INDICES OF CLEAN WOOL PRODUCED IN RELATION

TO PASTURE PRODUCTION AND APRIL-NOVEMBER

RAINFALL, PARNDANA EAST 1971-74

Stocking Pasture| Annual | Proportion Clean Wool Wool
Rate - grown green green pasture | Wool grown grown_1
(sheep ha ") | kg ha™l C.U._, | utilized grown_, | kg/1000| kg ha™ "/

D.M. kg ha during growing| kg ha kg DM. 100 mm
D.M. season Ap.-Nov,
% rainfall.
Mean of four years x five pasture treatments
10 8040 4610 57 45 5.6 7.5
11 8660 4650 54 49 5.7 8.2
13 8170 5030 62 55 6.7 9.2
14 8620 5790 67 57 6.6 9.5
15 8550 5720 67 61 7.1 10.2
17 8580 6240 73 68 7.9 11.4




APPENDICES



88.

*Telo3 Tenuue <

I9A00 PNOTO WNWIXEW

1

*sTe3031 ATylruow H

IDA0D DROTD 00U = () +

8°¢G €L 1°8 T L 0°¢ G ¢ AN A 8°¢ 6"y L9 6°8 1°8
881 01 1T 91 12 8¢ - 1¢ YT 61 LA 11 I 4}
L70Ls) 67LC 0°LT 9°81 0°18 9°TiT 9°6% 0°¢6 9'6% 0°1S [L°TIT 8°T £ 0y
6°8 6701 £°'8 8°g §'9 8°¢S L D°8 6L I°11 6°01 6771 €11
8 81 7°¢€¢  071¢ A L°ET 8721 1 A A 6761 6°0¢ G°2¢ 6°%7 1°¢¢
£€°6 86 8°8 '8 [ 679 1°8 0°6 7°6 ¢'1T 8°01 811 6°01

[ARA G 81 791 LARN! €01 S°6 1°01 Z°11 L°T1T 8°¢G1 8791 €761 LT

Aalhm@ siy) ourysung
w%wn 39M JO °"ON
(ma) TTRIUTRY
¥
(0,) "dwey UTR
Auov dwmay -xeR
(0,) "3a ma

(0,) "dwey, qIng £xq

6°9T10T] 9°€T0T T°9T0T €°9T0T ¥°STO0T 8 LTO0T €°6T0T € SIOT #°CZ0OT 6°910T T°LT0T &"LTIOT ¥ G101 (qu) 2anssai1g ToAdT ©OS

7°0¢ ¢ 0'1T 9°C¢ §°0¢C 9°0¢ 0°LT T 61 9°91 7°81 7761 9°¢¢ 1722

¢9°'0.y 19°G 09°0 89°0 08°0C 0L°0 8%°0 ¢€S°0 GG°0 S9°0 19°0 LG°0 0970

(;_T4 wy)peadg purM

1

I92A0) PO
+ J Pno1d

NVER *DHA "AON *LDO *dds  tonv. ATNrL aNAL AV gdav AVR ‘gdd “NVE
SNVIH ATHLNOW

®3BQ OTIBWITY

0L61
ISVd VNVANVd ‘TIINZD HOUVASTY ANVISI OOYVONVY HHI WO¥d STH0DTY 'TVOIDOTOYOAITR

T @1qel xtpusddy



*18103 TENUUE

It

sTe303 ATyjuom H

S
mw I9A00 PNOTY WNWIXEW = |  ID9A0D PNOTD OU = ( N
1°6¢ 6°G 9y 0°¢ [ VAR 0°¢ R4 6°¢ 6°G 6°G 6°9 L L Aalhmv 1Y) surysung
wmoN [A! 91 12 [44 6C 81 %C 9¢ 71 01 9 S sdeq 1sM 3O °oN
mm.Hmm 0'¢z9 0°18 ¢ LE 0°99 9°Z%T 0°¢9 0°99 1°96 0°8ET 1°%E C 11 Z'9 HAEEV TIB3uTRy
L6 ¢°01 7°6 §°L 0L £°9 §°'9 LL "6 0°¢1 9" %1 9°¢T VANAl (05) dway, uTH
L*81 g 0¢ L°LT 0°L1 6° 91 G'¢€T ¢ ¢l (AR AN 8°¢I [ANAA 792 0°9¢ 9°%¢ (3y) dwe], xeR
%°01 11 76 0°8 8°8 9°f 1°8 0°6 ¢°01 VANAL I°%1 6°CT 6°71 AUOV ‘3d #eQ
Syl 791 £ 91 £€°¢C1 8 1T 6°6 876 80T ANAl 9°91 L°61 S°61 0°6T Auov dwey qrng £ag

T°STOT|9°TIOT 6°TTOT ¢ TT0T 6°€10T % %I0T 6°610T 8°0C0T L %10T %# /10T %#°LT0T € €TI0T T1°STOT (Qm) sansssag Tese] oS

8761 §'%e 9°0¢ 8'¢€c L°61 L°81 87T Lyl 6°61 6°81 97¢t L'1¢ Q°1¢ . AH|H£ wy) peedg puty
€90 |(0L°0 §L°0 %9°0 66°0 L[S0 ¥9°0 ¥%,L°O 99°0 09°0 €9°0 ¥9°0 1970 +Hm>oo pnoto
NVER| "DJHQ “AON  "ID0 "d3s onv ATAr dENArL AVH qdav IV RIEES "NVl ®lB(Q 2TIBWITD

SNVHAW -ATHINOK

1461

LSVE VNVANUVA “HYINHD HOUVISHY UNVISI OOYVONVY HHL WOdd SAI0IHY TVITIOTOSOLITH

7 2198l X1pu=addy



*IB303 TEnUURB

sTe301 ATyjuow H

S

% IDA0D PNOTI WNUIXEBU = | I2A00 PNOTD OU = O+
L°S z°8 $°9 z°9 1°¢ vy 9°¢ s 6% 19 29 1°L 89 (;_£ep 14) surysung
gt 71 kj S 71 01 [44 8¢ 81 01 01 S 6 8 sdegq 3°M JO °ON

G0 TLS 279 0°zT €07 0°8T O0°%2T 8°8YT 0°¢9 L'Tz 0'7¢ ¢79 €76y  6°86 (W) TTRFUTed
€6 S"I1 €78 0°8 9L 1°¢L Sl A 8°8 ¥°01  S°11  ¥°€1 871 (0,) dmel UIR
961 |$°Sz  9°61 8°LT 9°91 6°€l ¥'€l %'61 76T §°1T 9'T¢  9'sT 0°c (0,) dwal XeR
76 101 €°6 6°8 0°8 0°8 8L 8'9 88 6°01 8°6 Tt 9ed (0y) "3d MRa
9°%1 jg'81 1'%T €€l 92T 8°0T 0°0T §76 0°%1 2°9T 9°LT1 %0z 1°8T (0,) dwer qing £ag
8°810T| ¥ 9T0T €°810T T1°610T 2°0Z0T 9°€T0T T1°LT0T 6°220T 6°L¢0T 1°T¢0T G 8T0T £°910T 67101 (qu) 2anssa1g AT B9S
£€°81 l1°1z ¢°81 ¢'1¢ L°61 9°9T 8°LT #°ST 6°¢l 1°8T 1°61 7°61 88l (; T4 wi)paeds puTH
[6°0 |09°0 19°0 €9°0 85°0 SS°0 99°0 06°0 9670 gSTO  ISTO ¥STO0 %970 LE9AD PROTD
NVAK |{'0EQC CAON "ID0  °*ddS o0V XINf  ENACL  AVA ¥4V MVH €24 CNVC ®3BQ OTIBUWLTD

SNV KTHLNOW
7L61

1SV VNVONUVA ‘TYINAD HOUVESTM QNVTISTI OOYVONVE HHI WO¥A SAI0DHY TVOIDOTOYOELIN

¢ o1qe1 xrpuaddy



*TBP31031 [ENUUE

]

STe302 ATyluom %

] S

k& I9A00 PROTD WNWIXEW = [  IDA0D PNOTD OU = o+
9°g 8°9 89 Z°s 6"y 9% £°s L°¢ LS ¢'q 0°s 6" L [ AHI%M@ ay) surysung
mme [4! 91 91 44 ve 91 LT ST C1 11 L 6 sfeq umz.mo *ON
mm.mmm ?'¢% 0°81 8°9S 0°TL G"6eT 6768 0°80T 0°T9 0O'tv €°1L 8 c°'9 HAEEV TTeyurey
L°6 9°T1 L£°8 ¢°8 0°8 ¢ L §°9 £°9 6°8 7711 8°11  %°C1 9°¥I (0,) dwer-uIR
S761 £'ve  L761 S*81 7°91 A B A gel € L1 L0t %°¢T L'ST 8'9C (0g) *dueg, - xel
70T |L°1IT T°01 9°01 (AN 6°8 '8 [ 6°0T %11 ¥°11 1°¢T 671 ﬁUOV ‘1d #eq
R 9711 9° %1 L7yl L°21 T°IT  €°0T 2°6 €°¢el [AR1 T°LT ¥%°81 G'61 AUOV.mEmH qIng £1g
L79TOT (€ E€TOT € GTIOT O°LTOT Z°GTI0T €°910T S°T20T 9°LTI0T S°QTOT O°ZTO0T 8°8TI0T L°SIOT 0°%I0I (qm) @2anssaig T9A9T ©IS
681 £'I1¢  9°%1 T'1C T°9C 6°8T £°GT G§°GT T'6T €°1T T°LT C°LT %761 AHrHQ i) poads pury
6G°'0 {¢S°0C 65°0 €90 9970 65°0 L£°0 6S°0 S%¥°0  6S°0  €9°0 %0 L9°0 +Hm>oo mﬂoao‘
NVER *0Ha *AON 120 *dds Tonv  ATIAr  3NAC AVH “ddv UVW  tg3d NVl EBI1EQ OTIBWIT)

~ SNVEH ATHINOW

ISvVH VNVANMVd ‘HIINTD HOUVEASHY ANVIST OOUVONVY HHIL WO¥d STU0DHY TvOIHOTOUOHIHAW

€161

t 9Tdel XTpuaddy



*Tel101 Tenuue

sTe3103] %HnucoEH

S
% 19A00 PNOTY WNUWTXBU = T 13A02 PNOTO OU = o+
£°S z'6 0°6 ¢'s 0% 48] L°C VAR ¢ L°1 8% A L Aalhmv 1Y) SuTysung
mme 0T A 91 [44 £C 8¢ L1 L1 61 6 L 6 sfeq 1M 3O ‘ON
mm.Hom £€°6 0°Lz 0°t6 0°2L 9°08 Z°191T 0799 §°g0T 0709 8°%¢ %°8 9° 6% Hﬁaﬂv‘aamwaﬁmm
0°01 6°6 6°L L*8 z°9 €L Sy L*L 8°6 8711 1761 S €l 6° %71 . Oy ‘duey, “UTH-
8°81 1°¢¢ ¢°81 £ LT At Lyl §¢el 9°%1 1°91 0°61 £°6¢C 6°€¢ 2°9¢ Aumv *dus] “XeR
0°T1 1°0T L6 0°01 1°8 276 '8 L°6 2711 8°¢1 6° %71 6°¢l L°y1 (3,) "3d m=q
FARA! %°91 6°€1 G'€T  ¥'IT 6701 §°01 0°11 L°21 ¢°61 9761 [ANA ) 0°0¢ (0,) "dwsy qIng £1g

Z'9T0T|Z°2TI0T 6°STOT 9°%I0T G°8TI0T %°9T0T 0°€T0T 7 T120T S 0ZOT €°LT0T S LT0T 179101 6°0T0T (qw) sanssaig 2497 ESS

6°61 $°0¢ 6°61 0°¢c¢ %7°2¢ 9761 6°61 9 41 1°¢1 0°81 €2 6°0¢ 4 AHIHS w{) peads PUTM
09°0 ARy %9°0 €9°0 L0 Lv'0 19°0 %670 ¢9°0 1£°0 990 %0 €670 +MN>ou prnoTd
NVIR gol:id) "AON *LD0 “d4ds *onv AInC ENAC AVH =\ TAVH "dad ‘NVC vlBQ 9TIBWELD

SNVIH ATHLNOKW

#L61

ISVE YNVONEVA ‘TIINED HOUVISTY QNVTIST OO¥VONVI HHI W04 SAI00HEd TVOID0T0H0ELEN

¢ s1qel xtpuaddy



.93.

TI00°0 > d = xxx 10°0 > d = xx S0°0 >d

¥ G0'0 < d = SN

-23e1 3ur203S U0 suoTSSaIZaI IUSWIBSII-UTYITM JO 3DUBDTITUIIS =

+
SN SN 9¢e ¢l ¥»¥» 068 | 6898 0OT%¥6 0G£6 0GES GE06 0006 GCe0T GE¢L 0S88 0LSL S880T {11/%2-%/%C
SN SN wiL PR 0LCG | G€€S 08SS 06SS G0TS GT67 0€S0S 08%S 06S% 6965 O0I9¢ mmHm 6/8-%/%¢
¥ SN N - 018¢C | S09¢ O0t6C GL6C 0%8Z G99C 0%8¢C $%8C S%6Z SITEL 0CIC mwmm LIS—%/%C
SN SN 162 ¥¥¥ 00Lt | 05ee  O¥8L GOBE ¢GvIE 0117 Ghéee 098% <o%9C 4<8CE GS6E 09L€ | T1/%C-6/8
SN ¥ 90¢ ¥¥¥ 0%9¢ | 0eLT 069C SLST S9¢€T 6SCT 012 GL9C S%91 &SS¥T 0691 S01Y m\wlm\m
SN SN It *¥ 0cé6 1374 006 GGTT O%0T 4¢t6 18 1374 GETT S06 G801 L9 L/5-9/T
SN SN 00¢ ¥EX G/8T | 098T 0£0C 0T8T GS6L1 0€LT 0£0T 060C O0TLT 60CC SEO0I 0S€¢ 9/t-%/%¢
‘S Uo suraw sueou

“33007 -32¥ '3po1y B0 L1 Sl 71 €1 1T o1 q a 2 q v

. poTaag
*39y ueou vc alpy uesu
*0x1319} -81g ds1 "0x1919H pueiy Aa ey dosys) suesm si1ex FUuIYO03g SUB3W JU2WIEB3I] 2INIsed

(10171 £IP ﬁlms 3%)

/61 NI SAOTYId MIAHS NI QHRINSVEIW NOIIONAOYd FINLSVd NVIW

9 a1qey xTpusddy



94.

27eI SUTHO0IS UO SUCTSSAIFOI JUSWIBIAI-UTYITA JO IDUBOIITUSIS =

100°0 >d = =xx

10°0 > d = =x

S0°0 > d = ¥

S0°

D <d= SN

+
SN SN 8LI1 ¥+ 0ZE9! 0Y99 GZ9S GS19 GIS9 OIOL 0S6S | 0%Z9 S99S GLSS </89  o€zL| T1/91-6/1
SN SN [L0¢L sxx 000€| OYIE 0%9Z S90€ SLOE OLOE SIOE | 061€ 081Z 0L8T GISE  0STH| 6/97-S/T
SN SN 9%8 SN ozece!| 0zSE <86Z 060€ SHWE O%6E 0€6Z | S90€ S8%E GOLE GSEE  086T {T1/91-6/92
SN SN %#9% x¥¥ 08ZZ1| S/€T 0.0z SI%Z 0zEz OTETZ STZr | OveEr 0891 S6ST GT6L  S88T| 6/97-9/LT
SN SN LT% ¥x¥x OI/ | 6% G696 G669 GG/ 09L  G6L ceg omm mww 06S G9ET i 9/L2-6/1

*¥YS uo suesw gieam
- 33909 "S0¥ ‘12917  *1E9I13 | LT G1 %1 €1 11 01 q a 2 q v boroa
"84 uesn %S "alpy ueom (. ey dooys) sueom 33EB1 guryoo1g sueou S3UAWIE3AIF SAINISBJ .
019394 818 S °*0I913H puein I- i

Z.6T NI SAOT¥Hd FAIL NI QE¥OSYIR NOTIONAO¥d HYALSVL NVAW

(3031Em LIp

T

_ey 3%)

L °19el x7puaddy



95,

100°0 > 4 = »xx .

I0°0 > d = =%

00 > d = x

S0°0 < d = SN

*93ea BUTNO01S UO SUOTSS21891 JUSWIBDII-UTYITM JO 2OUBDTITUSIS

+
¥ * - - o716 | 6666 GE¥6 0196 O00%8 Gg£C6 GIZ8 6888 06001 0€£Z8 0616 omm@ 11/92-€/81
SN SN 2001 SN 09€S | 0LES 620G GE€LS 000 ¢G¢6S OTI1S 06¢9¢ ¢G¢/S OTI0¢ G68Y 0%6S) 6/L1-€/81
SN P33 626 ¥ 08LE | G8GY GO¥% GLBE 0O%E G6Z¢€ co1¢ GeTE G9t% GZCE  S6lY om%m 11/92-6/L1
¥ SN - - 0G9¢ | 08%C GO%T O0O%6C 007C <SEE GEGST 0cLe ST11€ <S09¢ MmHN G197 6/L1-9/81
SN SN yoy SN OILC | 068C 079¢ <S6/T €087 0857 08¢¢ 0¢6c 0T9¢ 00%C 00L7 §Z67, 9/81-¢/81
¥Yg uo Ssueawm sueam
- 13907 82y +jes13  'jEOI] L1 ST 71 £l 1T o1 ) a 2 q v
" 394 ueen %S afey uesu ey deays) suesu '1 9 fe} pOrIod
-o1@39y 81§ ds1 ‘01919 pueiy (;_=4 us) o3 UPPe3s Suesm JUSUIESI] 9IN3sed
(393380 A1p _ BY BY)

T

€/61 NI SUOI¥dd HATL NI HINSVIR NOIIONCOYd HMALSVd NVAR

8 21qe] xipuaddy



Y6.

100°0 > d=xxx

10°0 > 4 = »»

G0°0 > d =

¥

G000 < =

d = SN

*3381 SUTYD015 UC SUOISsS9IZe1 JUAWIEBAII-UTYITA JO 2OUBOTITudI§ =

+

SN SN 1801 SN 0Z€6 | GS06 GOL6 SSE6 GTW6 06E6 dﬁom GGGh 08T6 0ST6 0816 coE6 | T1/81-4/9

SN SN £[801 SN 001G | 0€TS GEES GBES 006G 00L% G%%% GL0G S1TS - 686% 0OTcS 010§ 6/2- v/9

SN SN %98 SN ozzy | 0z8E OLE? 0L6E ST6E Sv97 S9SY | 08y S90v 0fzv OL6E  S6CY 11/81-6/2

SN SN 1611 SN 0Z€T | S€¥z 0197 GE¥Z GS€8T 0L81 SSLT G8GC 696C 01¢¢ omAN (0138 4 6/2-9/01

¥y SN - - 08LZ { S6LC STLT 0S6T GS99C 0€8T 069C 06%7¢ G6S9T SLL¢ wMOm 088¢ 9/01-%/9
‘g4s uo Sueeuw Sueau L1 S1 71 £l 11 01 ! a 0] g v

*33909 824 *3eo131 ‘*3ERal potiag
"3d uegon %S "afpy  ueew (. ey desys) suesm 33el JUTHD01g aInise
‘0I313Y4 ‘318 ds1 ‘oi9leH pueij 1- v supau JUlIWIEBIIT ised

(z2338W LIP

!

_ey 3y)

/61 NI SUOTHEEd HATS NI JHEOSVIR ZOHHUDDOM& TINISVA NVAW

6 °1qe] XTpuaddy



97.

100°0 > d = =»xx 10°0 > d = =»»x S0°0>d=x 60°0 <d =S8N
*93el 3UT¥O0ISUO SUCTSS2I891 JUWIRDIAI-UTYITM IO SDUBITITUSTIS = 4
SN ¥ LET SN 000L| O%LL O%%L SwwL 09€9 08%Y9 GL%9f O0T19L 00L9 O0€€L GST%¥9  GS889|T1/%T-%/%T
SN %% L9¢ *x¥  069%{ 0206 ¢6€2S 068% 08%%y OII¥ G91%| 0€L¥ GZE% 0OO01S G9¢¢ omNm 6/8-%/%C
SN 2y 4 SN GL8T] G€0Z 0217 6807 0861 Ge¥T 0661 G002 0681 0017 GEwl mwmﬁ L]S—%/%T
SN SN 668 ¥¥ 0%ecC| 0cli¢ O0Tc¢¢ 098¢ 0881 69£T 01¢LC G88C 0L€T 0€TT 090€ GSTT| 11/%C-6/8
SN ¥ 1cy x¥¥  GL[T)| G86C GITE€ O008C 00SC G[9C GLGZ) 6GTLT O%%Z 000¢ O0€6T 06L¢ m\mlm\m
SN ¥¥ 86¢ SN 0.9 | 0S¢L SIL 0¢6 00L G695  Gog 134 083 01, omw mmo L{S-9/T
SN SN £y SN 0021 | SBZT GSO%T GSIT 0821 0L8 0cz1 GGZT OTZT 06ET 6%8 mmmH 9/T-%/%C
¥S U0 Supsw  SUEBdW
“33|0) *8=9 ‘3ea13  C1BOI] . L1 <1 71 €1 11 01 q a J. g v
-89y ueom yAs «1lpy ueam POTIag
01339y ‘8T8 g7 ‘012319 pueasn ( _ByY daays) suesw a3leI Juryoo01lg SupoWl 3IUWPWIELDIF 2INISeg
(1233°0W £1PD Hlmz 8%)
16T NI SAOT¥dd NIAAFS NI RENSVEW FTYNISVd 40 NOIIVZITILO IANYD NVAKW

01 o1qel xXTpuaddy



98.

100°0 > d = xxx

10°0 > d = xx

G000 > d ==

So°

0 <d =8N

g1ex JUIND01S UO SUOTSSAISDI JUSWIEIAI-UTYIIM JO ITJUBITITUSIS =

+
SN 3¢ ¢701 SN 091y | S%CS GYI% 66ty  G60% GBIE GG6E mmoq G66¢ omMm S10% 016%7| 11/91-9/1
SN SN 6eL FR¥ 06£T | STl O0O%IZ G6EC G1SC 00TC SLvC 019¢ m%mH §GST  0TLT S6T1E 6/92-6/1
SN FXHR c09 * 0/LT 1025 600C 6661 08ST 6801 08%I1 mmqﬂ 0Z12 mmmw S6¢C1 SILT|T11/91-6/9T
SN SN (449 ¥¥ 0€8T 10907 G/9T 0G8T G681 G¥ST 0861 §00¢ WW¢H GOvT  G9¢T ov61y 6/92-9/LT
* SN - - 09¢ G99 09% 0SS 0c9 $66 00s 019 SIY% 061 09t GGZ1 9/L27-6/1
*ds uo Sueauw Sueauw
"33300 *d9y "aea2131 r3eail £ st m ¢ t ot : ! ° ¢ Y poTi3d
"8y uesu %S "abpy ueau (_ ey deays) sueaw 23eX 3UL}201§ sueswW JjusWlIBSI] IANISEBJ
‘019394 *918 dS1 'oILlvy puels 1- ’

(z233eW LIp -

ey 39)

2061 NI SQOI¥dd FAIJ NI qHENSVEA HEALSVd 40 NOLIVZITILO dA0¥D) NVIK

11 @749e1 xypuaddy



99.

T00°0 > d = xxx T0°0 > d = =x G0°0 > d = % 60°0 < d = SN

®3®1 BUIMD03IS UC SUOTSS3ITII JUSWILSII-UTYITM JOo 2duedTITUIIg =

+
|
SN 2% TAAS SN 0916} 0L£9 GS%cS 0O¥6S S6%%  GG6%  G83E §89% 0T1¢9 0%9% GLS% omom 11/92-¢/81
SN £33 L001 ¥ 0ese | GSY%% G9LE SCIvy 097¢ O0T10¢ 066¢ OMW¢ G6Z¥ 0¢Se  S09¢ mmﬂm 6/L1-€/81
SN SN £86 ¥y 0¢9T | STI6T G9GT GI8T O¥ZI O%6T G621 GLS ST0Z 0CIT O0L61 CLYT [11/92-6/L1
¥ ¥ - = 08%T | 6681 S09T GS6T O€LZT OWET 688 G681 070¢ 6461 mmm 06€T | 6/L1-9/81
SN ¥R 987 SN Owvw 609¢ G&SIZ G6/L1C O0€0C G491 6041 0¢c? &/TT 0O%61 omHN mMmﬂ 9/81-¢/81
*¥S uo  suesu Sueam
- 13207 -2y ’i1e211  +1BL9I] L1 ST 71 £ 11 01 ! a 3 g v por104
89y ueeuw %5 ‘afpy  uesm (. 'y deays) sueau 33ex SuTy2018 supsmW JUSWIEBII} BINISEJ .
r0x319y *319g ST ‘oIs®lvy Ppurig 1-

(xe13BW LIp _ BY BY)

T
€461 NI 4OI¥3d FATA NI QHINSVIW HANLSVd 40 NOILVZITILO IANYD NVIW

Z1 2T19qel xTtpuaddy



100.

100°0 > d = #xx 100 >d =% G0°0>d=2x 60°0<d=258N
*23e1 SUTY203S UC SuUCTSS3aaFal JUIWILIII-UTYITM JO muchHMﬂcMﬂm.u +
SN 2% €911 % 0v0S | G09S G¥eS GI¥S 0L16 066t 0O%iY $6Z9 0006 G06% GSGY% e9EY | 11/81-%/9
SN SN 7601 SN 08€€ | 08EE O¥6E 0LSE GGSE 098¢ 000¢ ovLE 06%¢ 00¢¢ qum cv0¢€ 6/T-%/9
SN #x Y 494 2 0991 | s2zZz G00Z &S¥%8T GI9T OtIT OR7il 6G5¢ 01st m%mﬁ 01?1 0zeT {11/81-6/C
SN SN 886 SN 0£0Z | ST/1 012¢ 0L0C 0£22 0€61 G961 G9%¢ O0O%Ze 0961 mme S70¢ 6/7-9/01
SN ¥¥ 6LG SN 09€T | 6991 O0¢/LT O00ST GS8TT 0¢6 Se0t 08¢l 0621 0%91 G191 0001 9/01~-%/9
‘35 uo suesw sueau -
-33009 80y *1eo11  1B9Il L1 G1 71 £l 11 01 q a ] g
89y uesw %S "3lpy  uesu (. ey deeys) suesw 23B1 3UT}203§ supam JUsW]Ea1] DINISBJ poried
“013319Y -31s dsT °0i923°2{ pueBiy -
(1233'U LIp By 3Y¥)

Hl

/61 NI SQOTY¥dd HATA NI dIANSVAW TIALSVd A0 NOILVZITILO HUNED NvaW

€1 91qel xTpuaddy



101.

T100°0 > d = xx» 10°0 > d

= xx C0°0 > d =

G0°0 < d = SN

9381 BUTYD018 UOSUOTSS3ITI1 JUSWILSII-UTYITM JO 3duedTJITudIg = N

SN ¥ €911 SN G617} S6£T1 08%T Q0081 GZ¥¢ 0€8f 0661 €91¢ 0/91 <S/T 098C 0¢te ¢L/11/91

SN ¥ [4 54 ¥¥x 609 } @60%¥  00¢ 0.9 09S¢ 0OL6  0O%S 09S¢ 01¢ 01¢ S6/ GS0oI tL/6/9¢

SN ¥¥ 9%1 SN 661 ¢8 601 60T GE1 00¢ S6¢ §ee 06 0c1 (0974 601 tL/9/tc

SN ¥E% 169 ¥y G86T| 096 0861 G061 0661 G§SSC S¢S STLT 0O%S ommH Y1l 000% 12/11/%2

SN 33 0te ¥y 69 } GIC ¢ve 099 GEtL 018 688 0SL c9¢ Mmq 06t G6€1 12/6/8

SN ¥y¥ 81¢ %% ¢tL6 | 0.6 018 068 098 0£ZT 66¢1 o8 0901 GT10T 689 0801 12/L/S

SN P 81 ¥x¥  GL9 | G/S §¢9 699 07s 098 508 ge8 005 0c¢8 S61 0£01 1L/9/T

. WS Lo Jueew e L1 ST w1 €1 11 01 cON S g v g
.OHMMMM WMMM mmm .OWMMMM mmmww Aﬂtmc dssys) sueouw a3ea BuT003§ sugswW jUSWIBDI] INIASBJ

(x213eu Lap 1

By 3)

CL6T-TL6T NI SNOTISVYID0 NHAES NO QdINSVAW FINLSYd A0 ALITIGVIIVAVY

%1 ®19qel XTpueddy



-23e1i SUTRI03IS UO SUOISSIIFII JUDWIBSDII-UTYITM IO 20uedTITUSIS = .

T00°0 > d = »x»x 10°0 > d = =% G0°0 > d=» G0'0 < d = SN

SN ¥y 0s9 F¥F 0L7% | 0S%E 09/.£ O¥6E GSTH% GSES  G98Y 09¢t 08¢¥ mmmq mMmq ommq %L/T11/81

SN SN 699 SN GILT | OGBT GHET GI8T GH¥6T O0O%8T O¥¥I CECT OELT 0841 69L1 €961 vi/6/t

SN * 9¢9 SN GI%T | OETIT  G66 0G%T 09¢€1 G061 6691 G121 00%T GEll mmqa 0881 %L/9/01

* * - - GL6E | 086E €80% G99L GO6E 08c%7 0£eY ommq 08L¢€  065¢ mmoq 089¢ €L/11/9T

SN ¥FY %799 ¥¥ 0e81 | 16 0921 0191 ¢GS¥%L1 SZ¢6C 0S¢ mmmﬁ OM¢H‘ omqa 06¢¢ mmmw €L/6/LT

SN ¥¥x L2 ¥¥¥ GG9 G8¢ S99y 0Z9 GLL 06 S[8 mMm cte 09% bmo OLT1 €L/9/81
Js uo  suesu suesu L1 ST 71 €T 11 01 ! a D g v

* 33200 -39y *31e911 *3E9I] 21318(Q
* 39y ueauw %G 1lpvy ueauw | (. BY desys) suesw 23181 3UIND03§ supsll JUPWIEDI] DINISBg

*01939Y4 ‘313 ds1 ‘ox239{ Ppurid L

(19332W AIP . BY 3%)

0,6T1-C/61 NI SNOTSVDDO XIS NO QTUASVEA FMALSVA 40 ALITIEVIIVAY

G1 @T1qel xrtpuaddy



103.

100°0 > d = sx¥

93®1 SUIND03S U0

10°0 > d = =x

G0°0 > d = =«

G0°0 < 4 = SN

SUQTSS21I891 JULWIBDII-UTYITM JO wucMUﬁMﬁdem+

SN ¥xx  8%7°C ¥¥¥ C'9% | 9°€y 0°€E% 6°%% 6°G¥ 0705 9°6% omwm L:68 L°9% T1°0¢ 1°¢6 1L/01/S
SN ¥¥¥ 0%7°¢ *¥¥ C9% | T'¢y €€y 86y [°9% 8% €716 Nmﬁm Nwmq ommq 1.0¢ ommm 1L/8/%¢
SN ¥y ST Y LE7 (0T L°T% ¢T'e¥y 67ty 6°%% QL% | [°L% owmq mmmq (A1 ommq 1L/L/0T
SN RE¥ 9%°1 ¥¥y  CCY | L°O% L7O% ¥ 1w 9°T% ¢€7ew L°yy | 1.S% 6768 T ¥y 878C M.qq 1L/9/¢T
¥ FHE * 2%
SN ¥ S6°1 ¥xy E£°6E [ ¥'6E 6°6F 6°LE 176 176t L°O% | €°C% L°6¢ ¥%T1% €°[T 0°8¢ 1L/6/¢
SN SN 0T°¢C ¥xx 8°I¥ [8'T% ¥'T% G°0v €°1% ¢€°Tty %°T%| 6°%y BTy L'th T1°0¢ 776t 1L/¢/1¢€
SN SN 9T°'1 ¥¥¥ 8°0% | L°0%¥ T1°I% 6°6E 6°0% T1°I%¥ 6°0%{ T'ch G°1y €°I% 87I¢ 676t 1L/T/01
SN SN - SN . T°9% | 0°9% S'9% 8°G% 8'9¥ H°G¢h G'9% | ¥T9¥ T°9% T1°9% 6°G¥  €°9% | 0L/01/8C
‘Yg UC Ssueem = SuUedW
33900 -2y ‘jee11 1BOI1] L1 ST 71 €1 11 01 q a 2 g v
-89¥ uesuw %G ‘3{pvV uesum g S 331e(
‘012391 ‘818 gs1 ‘oIs93sy pueRiy Aﬁlmﬂ M)suesuw s3I BUHO03S SupaW JUSWIEBAI] IINISEBJI

(31)
T/61-0L6T NI SNOISVIO0 IHOIT NO SIHOIHM HATT NVIR

91 =219el xTpueddy



104.

100°0 > d = ==z 10°0>d = =% §0°'0 >d = ¥ G0°0 <4 = SN

5181 SUIYD01S UO SUOTSSIAFAX qUAWABYII-~UTYITA IO 20uroTITUSTS

+
SN ¥¥x  90°7¢ v CT9Y ‘o.Hq 0'9% 9°v% Y'9% 676% 976% | 6787 owmq g9y 1°e¥ owom zL/a/61
SN xxx  WY'C www  Lolv| gUEw StLv wtly 8°Lv 976y 0705 | L 67 9. 47 66y y'wv  1°6Y TL/e/8
SN gx  W0°C wxx 0°Ey| 8’0y €Tw €€y €Tew 07V %y | a7 9% mwmq 7y mwﬁq ey TL/1/ST
ZL6T ‘Gz Aienuel ONTHVHHS
¥ 3% - - /7z6 | 16 1°16 €°€§ T°€S 8TWS STES L°%S mwmq VAR %wwq 9°ts AN AV
¥ FE¥ - - ve9c | £°€5 L°wS 679§ T'9S TT6S 0°8S 0709 Nwwm §'9¢ %wmq L78G | TL/TT/TT
¥¥ ¥¥¥ - - (66l g es €'gs €°6S 9765 I°8S 1°8% Hwom mwmm 6765 mwwq T°6S 1L/21/9
F¥Y FX¥ - - g'zs 1816 0°16 8'¢s 8'IS 076§ 9°%g | 0°8S Nwmq 9°Es wwmm 9:L¢ | TL/TT/TT
‘Yg U0 sugaw  SUBIW
33000 8oy +3®RIl  3BAID L1 61 71 €1 1T 01 ! a o] g v -
.oumwww WMMM QMM .owwmww @MMMM Aﬂlms 8¥) suesW °3B4L 8urqo01§ supom JUSWIBDI] FANISEJ

(31 .
7L6T-TL6T KI SNOISVDD0O NIAES NO QIHOTAM HALT NVAEW

;1 °T1qel ¥XTpueddy



105.

T00°0 > d = xxx I0°0 > d = %% S0°0>d =« €00 < d = SN
2181 3UTYD01S UO suoTssaifax JUSWIBDII-UTYITA JO muﬁmUMMﬁmwﬂm+
SN FR¥ [8°€ ¥ 8'8%7; O°%% €°6% C°8% 1°0S €°0S T1°IS 72767 quq 0'6% T1°1¢ 1706 €L/1/81
€L61 81 Aaenuer ONTIVAHS
EY FRY - - L7IS] £70G 6°QG C°/G G°6S €709 676G ¢ 8¢ mwmm 0°8¢ T1°09 T1°6G €L/T/LT
¥ Y - - €°GG| €°06 8°%G @8°%G €°9¢ /LG H°/C 0°9¢9 Hmom m%qm m%mm 7°8G TL/TT/6C
SN ¥¥¥ 78°¢ P2 ¢°¢y| 8°6E T1°0% €°1% %% S°[¥% 0°9% m%mq m%om Nwmm ohmq 1°8% TL/6/8T
SN XY 6t ¢ FR% 9°T%) €°9¢ ¥%°0% Q°0% T°1v C'9% €°¢% qwmq L°LE N%mm mmoq m“©¢ 2¢L/8/91
SN 2R | WA PR C'6L | £°WE 6°9€ GLE ®°QE T'wv 1wy 6°T%7 0°9€ 8°8E 6°9¢ 9°C% TL/L/TT
¥ % * ¥* ¥
SN XX G9°¢ ¥y 9'¢wv| 6°8E 1°CY %°Cv T°ew LoLw T1°L% 1°9% 6°8¢ m.m¢ 6°0% A 2l/s/se
¥* ¥ ¥ % ¥ ¥
*¥S U0 suepsW suesm T q 5 a
13900 ‘8sg -1B9171 ‘3EBOI1 LT ST 71 €1 IT 01 v I
39y  uesuw yAs *1fpy  uesuw (. By 83) suesm 2381 SUTYD03S SUPOW JUSWIBDII DANISE(]
*ox3l19y ‘318 @S *olslsy puely T~
(31)

€L6T-C/6T NI SNOISVDII0 NAAIS NO SIHOIHM HATIT NVIW

g1 8Tqel ¥Tpuaddy



106.

T00°0 > d = sx¥ 10°0 > d = » ¢0°0 > d ¥ ¢0°0 < 4 = SN
2381 3UTO031S UO SUOTSS2a8el JUSWIBSAI-UTYITA IO MUSNUﬂMHGMHm+
/61 'G1 Aienuef ONIIVIHS
SN % 1t ¥ 1°69 1¢°€9 6°¢€9 (%9 ¥®»°99 #»°%9 ¢€°89 C° LY owmm 8°%9 8°¢€9 7799 gL /T/ST
SN SN €8°¢ SN 9°09 /2°89 %69 9°69 9°69 9°89 GS°CL 6°0/ 8°L9 6°89 0°0L 8°0L €L/11/0¢2
SN FEE 97°¢ ¥ 7'¢9 {c'6S [L°T9 8°19 T°%9 9°%¥9 8°/[9 qwqo G:09 9719 6°%79 9769 €./01/¢€
¥ P - - 9°'19 1 €96 [°6G L°09 €°C9 ¥'%¥9 €799 mwmo mwmm 865 ¢°%9 < %9 €L/8/1¢
* F¥Y - - 6°/G (/L°'06 9°¢¢ #%#°9¢ 8765 T°19 L°€9 9°8¢ 6°¢S 1°99 6°09 £€°19 eLIL/LT
% %% % ¥¥
SN ¥¥y  G8'€ s¥¥  CTES | Y797 6708 971§ 6'¥S ¥TLS TT8G | 9:%S T 8y T 1S 29 G GS €L/9/8
¥ F¥R - - %16 1 9'€% 9°6% T1°0G 9°¢€S T1°99 G°GS 9°1¢ %#°/% 8°8% T1°6% 0°%¢ €L/%/81
$¥ X¥ Tx ¥¥
SN PR 6" Y SN 72°€s 19ty 1°€S 0°¢S¢ 1°6% 676§ TGS 1°¢€9 meq 6°¢6 T1°9§ 6°€S €1/2/8¢2
*jSuo suesW sugauw
- 33207 9oy -3jE9I3 ‘3BOI] LT S1 71 €1 1T 01 q a 0 g v e
-39y ueom %G alpy uesm g ez 9 d
01919y -31g QST -0I919H PpUBI Aﬂtmﬁ }) SUBSW 91BI 3IUTHO01S SupouW 1UlWIRaI] 2anlsed
(8%)

#/6T-€/61T NI SNQISVOOQ IHOIE NO SIHOTAM HATT NVEKW

61 =r9el xTpuaddy



107.

T00°0 > d = sy 10°0 > d = x=x S0°0 > d = % G0°0 < d = SN

93181 BUID01S U0 SUOTSSaiI8al JUIWIBDII-UTYITM JO 20UBDTITUSIS =

+
GL61 ‘€¢ AxEnuer ONI¥VAHS

SN SN c0°¢ SN 6°891¢2°89 6°89 0'69 T1°0L 9799 [°0L 2°0L 6°89 6°89 0°89 £°89 GL/1/¢T
SN SN [4 08 SN 2°0L{0°0L ¢€°0L 6769 8°0L 6'89 ¥°1I/ 6°0L .m.ON 8°69 G70L 9769 wL/T11/12
SN SN I1°¢ SN L769 | 7769 G769 9°0L 8769 t£°89 970/ L°69 8°69 L°69 0°0L G°69 %./01/0€
SN SN 0L°¢ SN 8°69¢'69 [L°¥9 ¢°99 8°S9 1°G9 8°/9 %°69 %799 [L°%9 [°G9 1°/[9 wLI6/1T
SN L £€8°¢C SN ¥°7918°09 T1°'09 ¢C°€9 #°C79 T1°€9 [L°%9 9°19 m.Nm 9°19 6729 9°¢9 wL/L/81
SN ¥Y¥ 6t°¢C SN T°LG 1 9°%s %766 T1°9¢ ¥%°[G 8°8S 8709 ~%mm MWNm 1°96 owwm 9°/LS wL/[9/9
SN EE23 0e¢ SN 0°%G | B°0G ¥'CS 6°¢S L7E€S T'9S L°LS M%Nm mwmm 7°ES  17%S 6°€S VINAYA!
SN SN 98°¢ SN 8746 {L°9¢ 0°/LS ¥°[S L85 ¥%°LS 9'6% G°6S %%mm 0°8¢ 676¢ 0°8¢ wL/E/S

3000 Boy -aveds -avens (1 <1 w1 €1 11 o | ¥ a« o & ¥ .

* .OHMMMM WMMM Qmm .OWMMWM vMMMM Aﬁ|m£ 33) suesum 23X JUTD03S SsueswW JuUswWleaI] 2IANISeJ

|

(23%)

§/6T-%#/6T NI SNOISVOO(0 IHOIH NO SEHOIHM .JAIT NVIW

07 219e1 xTpuaddy



1u3.

Appendix Table 21
REGRESSION COEFFICIENTS OF LIVE WEIGHT ON STOCKING RATE ON 20

OCCASIONS DURING 1971-1973

Pasture treatments
Date A B c D E
10/2/71 -0.20 -0.47 ~0.04 +0.02 -0.16
31/3/71 -0.43 -0.70 -0.31 -0.19 +0.06
3/5/71 -0.18 -0.95 -0.50 -0.29 -0.12
23/6/71 -1.21 -0.40 ~1.16 -0.80 -0.67
20/7/71 -1.42 -1.23  -1.41 -1.04 -1.12
24/8/171 -1.98 -1.59 ~1.91 = ~1.47 -1.58
5/10/71 -1.20 -2.22  -1,56 -1.88 -1.46
11/11/71 -0.19 -2,06 -1,02 -1.75 -0.29
6/12/71 -0.34 -1.93 -1.23 -1.91 -0.50
22/12/71 -0.26 -1.87 -0.86 -1.73 -0.63
19/1/72 -0.54 -2.10 -l.,01 -1.59 -0.17
SHEARING
25/1/72 -0.32 -0.62 -0.32 -1.00 -0.25
8/3/72 . -1.07 -0.99 -0.59 -1.24 -0.37
19/4/72 -1.06 -1.63 -0.92 -1.99 -0.72
25/5/72 -1.03 -2.02 -1.26 -1.66 —0;72
12/7/72 -1.88 -2.18 -1.21 -1.62 -1.01
16/8/72 -1.49 -1.75 -=1.20 -1.10  -1.42
28/9/72 - -1.28 -2.18 -1.13 -1.79 -1.78
29/11/72 +0. 04 -1.06 ~0.91 -2.22 -0.94
17/1/73 +0.13 -0.83 -1.00 ~2.89 -1.13
SHEARING
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Appendix Table 22
REGRESSION COEFFICIENTS OF LIVE WEIGHT ON STOCKING RATE ON 17

OCCASIONS DURING 1973-1975

Pasture treatments

Date A B C D E

18/1/73 -0.26 -0.36 -0.84 -2.09 -1.05
28/2/73 +0.15 -0.69 -1.80 -1.99 -0.97
18/4/73 -0.50 ~-1.50 -2.22 -2.80 -1.88
5/6/73 -0.80 ~-1.21 -2.16 -2.71 -1.94
17/7/73 -0.63 -1.10 -2.17 -2.96 -2.23
21/8/73 | -0.52 -0.96 -1.62 -2.44 -1.58
3/10/73 -0.53 -0.41 -1.08 -2.01 -1.43
20/11/73 -0.22 -0.10 -0.65 -0.55 -0.49
15/1/74 -0.64 +0.15 -0.54 -1.08 . -0.74

SHEARING

5/3/74 -0.20 +0.27  +0.20 -0.92 ~-0.89
1/5/74 -0.50 -0.60 -0.94 ~1.47 -1.32
6/6/74 -0.38 -0.59 -0.85 -1.40 -1.15
18/7/74 -0.18 -0.75 -0.45 ~-1.07 -0.33
11/9/74 -0.11 -0.39 -0.27 -0.49 -0.13
30/10/74 +0.17 -0.36 -0.02 -0.12 +0.13
21/11/74 +0.01 -0.17  +0.12 -0.06 -0.08
23/1/75 -0.42 -0.23  +0.22 -0.14 ~0.05
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Appendix Table 27

REGRESSION COEFFICIENTS OF CLEAN WOOL GROWTH RATE ON STOCKING RATE

IN 15 PERIODS (1971-1973)

Pasture treatments

Period A B c D &

1971/72
28/1-31/3 -0.17 -0.60 -0.11 -0.65 +0.29
31/3-3/5 -0.03 -0.70 ~0.45 -1.01 +0.14
3/5-24/6 -0.24 -0.53 -0.37 -0.60 -0.13
24/6-25/8 -0.55 -0.64 ~0.54 -0.81 -0.45
25/8-5/10 -0.47 -0.19 -0.67 -0.66 -0.33
5/10-11/11 -0.54 -0.41 -0.32 -1.04 -0.17
11/11-28/1/72 -0.22 -0.03 -0.97 -0.17 -0.32

1972/73
28/1-8/3 -0.11 -0.44 -0.31 ~0.96 -0.20
8/3-19/4 -0.35 -0.51 -0.49 -0.81 -0.35
19/4-25/5 -0.33 -0.81 -0.37 -0.55 -0.73
25/5-12/7 -0.45 -0.26 -0.24 -0.36 -0.36
12/7-16/8 -0.79 -0.93 -0.72 -0.64 -0.87
16/8-28/9 -0.39 -0.55 -0.45 -0.42 -0.31
28/9-29/11 -0.45 -0.47 -0.21 ~-0.39 -0.25
29/11-18/1/73 -0.17 -0.37 -0.43 -0.52 ~-0.64
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Appendix Table 28
REGRESSION COEFFICIENTS OF CLEAN WOOL GROWTH RATE ON STOCKING RATE

ON 15 OCCASIONS (1973-75)

Pasture treatments
Period
A B c D E
1973/74
18/1-28/2 -0.06 +0.03  ~0.49 ~0.43  +0.02
28/2-18/4 +0.17 +0.28  -0.15 +0.04  +40.24
18/4-5/6 +0.12 +0.08  -0.26 ~0.08  +0.28
5/6-17/7 +0.09 +0.03  -0.40 ~0.30  +0.01
17/7-21/8 +0.13 -0.01 -1.06 -0.72  -0.41
21/8~3/10 -0. 36 -0.60 -1.26 -0.90  -0.56
3/10-20/11 +0.12 ~0.40  -0.62 -0.67  -0.46
20/11-15/1/74 | -0.15 +0.10  -0.38 -0.37  -0.20
1974/75

15/1-1/5 -0.09 +0.03  =0.10 +0.05 0.00
1/5-6/6 +0.43 ~0.05 -0.59 +0.49  -0.09
6/6-18/7 +0.25 +0.12  -0.29 +0.16  +0.22
18/7-11/9 +0.20 +0.13  -0.08 +0.04  +0.32
11/9-30/10 ~0.01 0.00 -0.21 -0.06  +0.20
30/10-21/11 -0.34 -0.39  -0.91 .74 ~0.14
21/11-23/1/75 | -0.35 -0.29  -0.36 -0.52  -0.50
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Table 29

116.

NUMBER AND CAUSE OF DEATHS OF EXPERIMENTAL WETHERS 1970-1974.

Date Cause of Death No. Deaths Treatment+ Liveweight range
at Death (kg)
1971
April Unknown 1 Bl1} 26.3
May Undernutrition 3 2xB17, BI5 28.7 - 33.4
May Unknown 1 Cl7 40.0
June Undernutrition 3 2xB17, Bl4 27.6 - 35.0
July Undernutrition 2 B17, Bl5 28.3 - 28.6
August Undernutrition 1 B15 27.6
September Unknown 1 Bl4 31.8
September Undernutrition 2 2xD17 28.6 - 31.5
October Undernutrition 1 Dlé4 30.4
December Flystrike 1 E10 49.6
Annual Total 16
1972
March Shearing wounds 2 Al7, C17 34.2 - 41,6
April Undernutrition 2 D17, D15 32.4 - 37.2
May Ruptured bladder 1 B17 44.5
July Undernutrition 5 C17,B17,Bl15, 24.4 - 36.0
D15, Dl4 '
June Unknown 1 D14
Annual Total ll‘
1973
January Heat exhaustion 2 B1i,A10 54,2 - 61.7
April Unknown 1 D11 59.1
May Unknown 1 E13 52.0
October Unknown 1 D17 50.7
December Urinary infection 1 Al0 62.2
Annual Total 6
1974 ‘
January Unknown 1 B10O 65.0
January Shearing wounds 3 B10,Bl4,Cl4 56.4 - 63.6
February Unknown 1 D15 60.8
August Unknown 1 All 45,8
Annual Total 6

-+

stocking rate (sheep ha—l).

= A, B, C, D and E indicate pasture treatments and postscripts indicate
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