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I. 3 UCTION

Agriculture in New Zealand as in other temperate
reglons of the World is dependent on the utilisation of pastures
by the grazing animal. Species such as perennial rye grass
(Lolum perenne L.) cocksfoot (Dactylls glomerats L.) and
white clover (Trifoljum repang L.) together, represent a large
proportion of the feed avallable tc sheep cn the more improved
pasture land of New Zealand. Considerable reeearch has been
done on the selection, establishment, and the productivity of
these specles for livestocic. But this research has been pre-
dominantly concerned with pastures or with livestock as separate
entitles. Only occaslonally have these two eatities been
studied 1n assnclation.

In seneral, pasture species have been extenslively
evaluated in terms of their dry matter yieid and botanical
characteristics under different systems ol cuttlag but com-
paratively few pastures trials have been reported in which the
evaluation has been made in terms of animal products.

Higher growth rates of young sheep grazing white
clover dominant pastures or grasses plus clover pastures as
compared wilth pure grasses pastures were reported in New Zealand
(Rae, Brougham, Glenday and Butler, 1963; Rae, Brougham and
Barton, 1964; McLsan, Thomson, Jagusch and Lawson, 1965; Hight
and Sineclalr, 1965, 1967) and in Australia (Gallagher, Watkin
and Grimes, 1966; Wilson, 1966). Also differences were found




in the growth rates of sheep grazing different types of grasses
(Rae et al, 1964, Mclean gt al, 1965; Gallagher gt al, 1966).

Increasing levels of wool production were observed
on a Phalaris tuberosa/subterranean clover pasture compared with
an annual grass/subterranean clover pasture (Arnold and McManus,
1960) and on grass plus clover compared with grass pastures
(Gallagher et al, 1966) when compared at the same stocking rate.

The effects of stocking rates under different manage-
ment systems upon animal production have been also analysed in
studies published in New Zealand, Australlia and England. The
results showed that as stocking rates increased, production of
meat and wool per head declined, but the production of both per
acre rose. However these experiments have predominantly been
confined to one pasture type.

There are few comparisons of the effects of different
pasture specles and mixtures on animal production under high
and low stocking rates.

The experiment described in this thesis is an attempt
to obtain preliminary information upon:

1) The effect of two stocking rates (6 and 13% sheep
per acre) on pasture production and botanical composition of
different types of pastures.
2) The effect of different types of pastures grazed at

two stocking rates on sheep production.



:or clarity of presentation it anas been consldered
«sreferable to review previous studles of tnis and relited toplcs
in two waln sectlons. Studies relating to tne srinclpal en-
vironaental iactors wnlen influence woonl and bady growth will
be outlined under tne geueral neading »1 Anlual Lroduckion.

Studles relating to the ediects of stocxluy rates
and the srazing aniaal on toe ,ield and butanical comgsositlon of

the swuard wiil ve reviewed under the general neading of sgsgure

) a3 .




A. AN TION

1) Seasonal Varlation in Wool Growth

Annual cyclic changes in the rate of wool growth have
been observed by many workers in a varlety of sheep breeds.

One of tne first reports in which differences in
gronthh during the year were mentioned, was that of Ronde (1857)
in Germany. Other workers (e.g. Burns, 19331a; 1931b;
Duerden and Jare, 1931) reported macked differences in wool
growth beteen Summer and winter, zgrowt. being greater in
Sumner. Ho-iever, the internretatlion of taese experiments 1s
difficult since the effects of season and nutrition were con-
founded.

ﬁerguson, Garter and Hardy (1949) using Camden Fark
Merlno and Cnrrledale ewes, were the first to demonstrate that
seasnnal variatlon in wool growth may occur under constant
nutrition. A seasonal rhythm of wool growth has since been
found in many other breeds, when animals are fed on a constant
ration or to conatant body welght. (Coop, 1953; Wwodzicka-
Tomaszewsla, 1960; Morris, 1961; Bennett, Hutchinson and
wodzicka-Tomaszewska, 1962; Hart, Bennett, Hutchinson and
wodzicka-Toraszewska, 1963).

The amplitude of the wnnl growth cycle may vary
between breeds. Ferguson et al. (1949) found that in Corrie-
dale ewes the maximum Summer growth rate exceeded the Winter

minimun by about 23% and in Camden Merino 44%. On the other




hand, 1little variation in wool growth has been found in Peppin
medium-wool Merino and Tasmanlan fine-wool Merino eves.
(Mutchinson and Wodzicka, 1961; Williams, 1964).

Slee and Carter (1961) found a much greater seasonal
difference with the Wiltshire Horn than the Merino, when both
were kept in similar environments and on an adequate plane of
nutrition.

These cyclic changes 1n wool growth rate have been
observed to be affected by nutrition, climatic factors and
physiological state (pregnancy, lactation, disease, etc.) The
latter aspects will not be dealt with in this review since they
have little relation to the present experiment.

a) Seasonal varlation ip wool growth of grazing animals.

In the grazing sheep the rhythm of wool growth appears
to be greatly influenced by the amount and quality of feed
avallable. It 18 well known that pasture growth rates vary
conslderably throughout the year as does the quality and herbage
avallable to the grazing animal.

Marked seasonal fluctuation in grazing Romney sheep
have been found by Story and Ross (1960). The average wool
growth ratio for dry ewes was 3.6 to 1, being at minimum in
July, August and maximum towards the end of January.

Coop (1953) kept Corriedale ewes on two different
grazing regimes and found no basic difference in the seasonal
pattern of wool growth between sheep on different regimes.

The seasonal rhythm of wool growth was not prevented by provision



of a submaintenance diet durlng Summer and a super-maintenance
diet during ¥inter.

digher wool production in Spring and a substantial
fall during December and January were found in Australia by
Hutchinson and Porter (1958), Arnold and Mciianus (1960),
Stewart, Moir and Schinckel (1961), Sharkey, Davis and Xenney
(1962), HcFarlane (1965) An grazing sheep under different
environment.

willoughby (1959), Arnold and Mciianus (1960), McHanus,
Arnold and Paynter (1964) and McTarlane (1965) found two peaks
of wool growth, one in the late Spring and oae in the early
Autumn with intervening trougns in Summer and in ‘dinter. Both
peass in wool growth generally reached the same level, as did
the two troughse.

Roe, Southcott and Turner (1959) on the scther hand
observed a low level 9f wool growth in August which reached a
peak in January/February and showed a seneral decline thereafter.
In all these experiments a close relationship betuween available
green forage and wool growth has bean found. From this Roe
et al. (1959), Willoughby (1959) and McFarlane (1965) have
suggested that changes in wool growth are more related to green
forage rather than total forage avallable. McManus et al.
(1964) observed that this change was associated with the di-
gestibility of the pasture. Reduction in wool growth 1in
Summer was uassocliated with a low digestible organic matter intake.

Difference between breeds in wool growth response to annual




nutrition cycle was reported by Doney (1360). de compared
Cneviot, HMerino x Cheviot crogs sheep fed at siumllar levels.
e ration wne urovided in tLnree weys; sluulation of tae
natural lutzkke cjycle, reversed lanta.ce cocle or as a constant
dally ration. Seasonal differences in wool growta 1n the
Kerino groun were lirgely due to varlatlon in iataxe. In the
Cheviot sroup intace, and wool growth were related in suwaner
but not in winter. Reversal »f the normal seasoual cycle of
nutrition resulted in an almost comylete eliminatiosu of the
seasonal cycle of wonl _rowth as a result o2f deoression of the
sudiier pea.l.

b)

Ferguson et al. (1949) .ut foruard the theory that
atunspueric teanperature was cne >f tne iactors walcn was re-
ssonsible for seasonal wool rovitn. They obtalned a good
correlation vetween wool growth and anean eavironuament temgerature
but tewnperature was coniounded witn day lengta. in a further
experliment rerguson (1349) sioved tnat unllateral tnoracic
sympatnectomny, winich destroyed the heat rejulating mectianism
and caused unllateral vasodilation, produced a temporary 1in-
crease in wool growth on that slde for a period of ten weess.
The disappearance of the differerice coilncided with the advent
of warm weather. However, Coop and Hart (1953) kept a group
of sheep during the four winter months in a room mzintained
at 13%°F above the outside temperature but wool growth was not

increased.



Bennett et al. (1962) using equatorial day lengtn and
reversed temperature, found that lowest wool srowth was acnleved
in the coldest experianental time of the year. daximum growth
was not 1ln the warmest seasnon, but immediately after the cold-
est experizental season.

On the other anand, covering midside pvatches to pro-
vide thermal 1nsulation nad little effect on seasonal growth.
This result showed that annual rhytham of wool gzrowtan can, in
certaln circumnsta.iices, be modified by teanperature. nhile the
modified raythas can occur in one part of tne sain, an almost
normal rhoythm continues on other pacts and can persist in the
absence of tane climatlc stimulil.

Csop and dart (1953) found that winter growth in

Corriedale ewes was increased .inen they were subjected to constaut

saort day leungth, that is, 3 aours light and 16 aours darkuness
or 4 hours ligat and 8 hours darkness. Suwmer growth was not
altered but tne amplitude of the rhythm was decreased, giving
greater total annual productlon.

This finding suggested that photoperiodicity had sowe
influence in snnusl rhythm. Howvever, animals subjected to
constant day length as continuous 1light did not change the
rhytnhm and a conslderable amplitude of growth remained between
seasons. Keeping the sheep in complete darkness by hooding,
Hart (1955, 1961) found that annual rhythm was 1nitlally un-
changed but diminished, eventually being abolished completely.

In Rhodesla Symington (1959), found that Persian




Blackhead sheep kept in pens raofed with translucent plastic,
whlch reduced the intensity of light entering in the pens, the
raythm of snedding vas disrupted and tne fleece was heavier and
denser tiian those anlmals maintalned under natural light inten-
sity in tropical day length.

Ine annual rhythm izay be reversed by reversing the
photoperiodic rhythu. 8y reversing seasonal day length sorris
(1961 ) reversed tiae seasonal wool growth, in Romney rarsn ewes.
Ihis reversal of wool growth riaythm jccurred gradually and toox
two years to be cuomplete. 3imilar exveriments have been per-
forued in Australia wvith Southdowns and medium-wool merinos,
and 1in wew Zealand with Corriedsles (.dart et al., 1963). As
in sorris' experlmesnt, the raythm sinc.ed resistance to cnange
and in tuls case the caznge was not radual and resulted in a
bimodal curve of productlon. In the Corriedeles, snall peaks
of wool grovith colncided witu the experimertal peak of day
lenyth and with the natural cne. In tne Soutndowns and
merlinos tiiere were iwo peais, one correspynonding to the 1lignt
treatumeut and the vtaer before the norm=z2l peakx. Differences
in results in the later experiment have been exrlained as
differeaces 1n the intensity of the artiflclal 1light employed.
sien incaadescent lamps were added and changes of day length
were more rapld (iacreasing photoperiodic stimull) the en-
trainsent of the raytha was more successful (Hutchinson, 1965).

All these experiments showed the influence of temp-

erature and 1light in the seascnal rhythm of wool growth but the
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tundamental causes remalned obscure. It 1s possible that both
factors 1ateract in certalin conditiors and 1n certaln breeds of
sheep.

Hutchinson and Wodzicka (1961) have suggested that
rhythm of wool growth is a modification of an archalc pattern
ol shedding regrowth and quliescence 1lnvolving loss of the shedding
pnase,

c) 3 hythm.

It has been suggested that the increase of adreno-
cortical activlity may be responsible for seasonal varlation in
wool growth (Lindner and Ferguson, 1956). The administration
of cortisone to normal sheep depresses wool growth and when
wool growth resuasnes after a perlod of deyression a breas appears
in the fleece (Lindner and Ferguson, 1356).

In view of these findings and those of iindner (1359;
1964 ) and Reld (1962) that sheep subjected to physical or
emotional stress increase the levels of cortisal in plasma, it
was thought that environmental stresses such as low temperatures,
caused greater adrenocortical activity producing some depression
in wool growth in Winter. However, Ferguson, sallace and
Iindner (1965) found that seasonal perlodicity remailned in
adrenolectomized animals, maintained on constant cortisone
dosage.

Reduction in wool growth up to 60% and reduction in
food intake in thyroidectomized sheep have been reported by
Perguson (1951). Dally injections of 0.5 mg. of thyroxine in
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norizal s1eep 1ncrzase wiol vroduction but also food 1ntskxe 1n-
creased. Thus 1t was sugzested thit the lucrease in wool growth
after thrroxine trzatmzant 1.2t be Jue to an increzse 1n appetite
and by tae Jecranze in the storaze 5f Jreotein 1v body tiscsue
(Ferzusan, 1358; Laavourne, 1204).

‘fart (1955) suzsested that the aanual rhytha of wool
croth al:ht be due to an lacrezase 1In tayrotraphic activity of
the oitultary. Recently Ferzuson et 3l. (1965) reviewved tae
effect of hormores in ool growth and showed that in sheep,
nypn:onysectoay had a nore prafrund effect than triyroldectouy.

Tne »~duinistratlion of thyroxire _.artlally restonred wocol growth
in hyposhysectorized sheep independent 2f dise rate, but the
rhhythm of w201l zrowth remalns, evern when sheeg are zailntalned
at coustaunt f,zd 1ntale, tem.erature, znd corticssue dosage.
Subfractions 5f crude thyratrogshic aorzoase were ca.able Hf
stizulating w501 srawth, Tuey concluded that ritultary siand
exerts stiaulating and 1nhibiting influences tarough the
gecretion of thyrotrophlc and adrenocortical hormones respectlively
and thiat an unldentified pltuitar_ factor 1n addition to thyro-
trophlc hormone can stimulate wool growth. Nelther thyrold
nor adrerocortical activity have been definltely 1implicated 1n

the natural varlation 1in wool growth.

2)  Sody Growil
Ggrowth 1s a complex process which involves an increase

in the structural tissues such as muscle, bones and organs and
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finally fat.

fi1e changes of anatomlical components during annual
growth was studled in detall by Hammond (1932) and by McMeekan
(1940) in pigs, valsson and Verges (1952) and Joubert (1956)
in sheeyp. They rYouznd taat the various narts >f the body dsvelop
at unequali rates. The steleton 1lncreases as a percentage of
the total budy welgnt tfor a short period after birth and then
decreases on this relative basis. The musculature increases as
a percentage ol body weight during growth. The varlous tissues
also attained thelr maximum growth rates in a definite order
of age. ihus nervous tissue 1s the earliest develozlng fnllowed
by bone then muscle and finally fat. Alsc the varlous irternal
organs suot merged diftererntial growtn.,

in his review raisson (1955) concluded that the de-
vel> pmernt of tne different organs of the animal appears to be
odrigzariiy functional. These tissues or organs “hich are ree-
gquired Jor tioe vitel fanciloun ot the animal 1lAifTe are the ones
which have the earliest development, amd as the anlrnel ages,
developuent follows a markedly functional path.

Also changes in chamical constituents of the body
during growth and development occur. Spray and Widdowson
(1951) and Reid, Wellimgton and Dunn (1955) reviewed the effects
of growth on the chemical composition of mammals and shoved
that the greatest change during growtha 1s due tc an increase
in fat,.

A hign negative correlation between fat per cent and
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water per cent has been found by Reld gt al. (1955). Reid
et al. (1955) and Kirton and Barton (1958a) suggested that as
water and fat constitute tae major part of the animal body,
fattening spresrs mainly to be replacement of water by fat.
However, Moulton (1923) had pointed out that the water
content of the fat-free empty body decreases and the ash and
protein contants increase up to a polnt when the concentrations
of those components become more or less statlonary and after

which no further appreclable changes take place. Moulton

calle thls stage chemlical maturity.

Spray and widdowson (1951) analysed different suecles
at varlious stages of 1life. The results generally sup,ort
Moulton's findings but there was considerable disparity 1n the
ages at which 211 body consltuents, except fat, reached a
constant level.

However, Reld gt al. (1355) and Kirton, Barton and
Cressvwell (1959b) reported that in the fat-free body the per-
centage oi water decreases while protein and ash percentazes
increase with age and £irton (1959a) has also shown that fat-

ness can affect this constancy.

3) Butrition and Body Growth

Growling animals require certain levels of nutrients
to allow normal developmeat of the different components of the
body. The ratio of muscle to bone increases more rapidly at

higher planes of nutrition. Thus to get optimal development
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"super malntenance " diets are necessary since maintenance as
defined by Maynard and Loosli (1955) 1s "the amount of food re=-
gquired to hold adult animal at constant weight". This defini-
tion also imolles constant body composition.

Hammond (1932) showed that the plane of nutrition had
e profound effect on the amount of fat in tne body composition.
Verges (1939a, 1939b) in sheep McMeekan (1940) in pi:s, kallace
(1248) =2nd P’alsson and Verges (1952) in shee> coatinued work 1in
this fleld. Two groups nf animnals vere submitted to hizh and
low planes of rutrition and =2fter =a perind ~f this tre~tment
each group was divided into a high ard low plane sub sroup.
These worxers showed tnat the relative srowth of bone, muscle
and fat under a hi:sh »nlane of nutcition s reversed under seml-
gtarvation. The earllier maturing oarts or tissues are least
affected and the late maturing ones most affected.

Yeates (1964) and Butterfield (1965b) reported that
the denletinn of fat is more rapid and the deyree of involve-
ment of muascle and bones dewends on tne severity and length of
time in semi~starvation. Yhen an anlmal 1s keot on a sub-
malntenance diet the dAifferent tissues and bhody regions are
utllised for the malntenance of 11fe in the reverse order of
thaelr nmaturity - l.e. fat 13 utilised first, followed by muscle
and then bone. (Callow 1947).

On the nther hand Wwallace (1948) states that the
pattern of development of a tissue 1s the same in a rapidly

grown and in a stunted animal; a low plane of nutrition did
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not aifect the latter developlng loln muscle and 1t is not
venallsed any more tha. muscle 1n any otaer pa.t 2f tne body.

Cnild (1920) and Haanmond (1944) noted that saort
perlosds of severely retusded ,rowtn in sheep sroduced aa.<ed
coagensatary ro.th and recovery of retarded tissues, .rovided
taat tae undernourisaument 1s not too long.

In cattle, evidence presented by  1nchesier and liowe
(1

anizals subjected far a perlod of slew _rowta or masintenance

55) sus.ed that the tiree types ol tissues 1a tae carcass ot

)

diets n1ad a stiron: recugeration casaclty 1i sufiflclent ticge 1s
ailowed 1or recouovery and 1 tne caec.. in srovti 1s aot so
severe as ts cause germauent scunting.

In shieep Asoinssn (1)43) i1ound taat tae varisus p«aes
2i toe vsdy lncreased and decreased along siallar develsiuental

curvese.

A consideravle amount oi wori aas wceen done on tiie in-
fluence of nutrition on wool productlon. In general 1t nas
been shown that feed intake affects wool growt: (weber, 1931;
rraser aad Nichols, 1334; Marston, 1948; Ferguson, Carter and
Hardy, 1949; Ferguson, 1359).

Taere have been a large number of observations and a
varlety of interpretations on the roles and significance of
energy and proteiln for wool growth. iraser and Nichols (1334,

1935) obtalned a relatively large increase in wool growth on
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Cheviot wethers, when the animals were fed by the addition of
200-500gr. maize starch to a mixed ration. IlMarston (1932)
observed increased wool growth by grazing sheep fed a supple=-
ment of blood meal. Fraser and Roberts (1933), Bowstead and
Laroge (1938), and Slen and whiting (1952) did not obtain re-
sponses 1in wool growth by increasing the dally intake of protein.
Marston (1937), using isocaloric diet studied the effect of
different levels of protein in the food. Prom a basal level

of 60gr. protein per day in a maintenance ration, increases in
protein intake by 100%; 200% and 400% obtained increases of
wool growth of 50%, 95% and 145% respectively. Subsequently,
Marston (1948) reported an experilment where iierino sheep received
diets of constant composition at four levels of intaxe varyling
from below maintenance to twice the level of malntenance.

With diet of energy equilibrium and a positive nitrogen balance
obtained a production of 1.65gr. clean, dry wool per day. At

a positive energy intake plus a positive nitrogen balance wool
production was increased to a mean level of 6.95g. wool per day.
However, the variations in protein and energy intake in this ex-
periment were confounded.

Slen and Whiting (1952) and Ferguson (1959) found that
wool production did not increase when protein content of iso-
caloric diets was increased above 8-10%, but they found a large
response i1n wool growth to total intake. In view of these
results Ferguson (1959) suggested that energy rather than pro=
teln limited wool growth. However, Marston (1948, 1955)
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interprets the wool growth response to increased supply of

amino acids, particularly cystine and metnionine. Subsequently
Reils and Schinckel (1961, 1963, 1964) obtained substantial in-
creases ln wool growth rates when casein was administered dir-
ectly into abomasum as a supplement to a roughage diet containing
approximately 12% crude protein. Similar results were obtalned
with cystine or methionine infused directly into the abomasum

of sheep as supplement to a dlet of chopped wheaten and lucerne
hay (Reis, 1967).

After these results and in the absence of wool growth
response to an increase 1n the percentage proteln in the dlet,
it may be concluded from Keis and Schinckel's wori, that wool
growth 18 in general limited by the amount and composition of
amino nitrogen absorbed from the intestine.

The apparent conflict between Ferguson's and Rels and
Schinckel's conclusions have been clarified by Hogan and Weston
(1967). Using diets differing in crude protein content they
found 1little varlation in nitrogen leaving the abomasum despite
differences in nitrogen intake. That 1s, on diets of low pro-
tein content, nitrogen is gained during the passage of digesta
through the stomach, while losses of nitrogen occur from the
stomach with diets containing higher levels of proteiln.

The amount of protein reaching the gut will be depend-
ent on the microblal activity in the rumen and the amount and
kind of protein ingested. Rumen microorganism required a
source of nitrogen for growth (Bryant and Robinson, 1959) which
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i1s normally sbtained from protein in the ingested feed, but may
also be nbtalned from non-protein nitrogen in the feed or from
urea secreted in the salliva or reachning the rumen by direct
passage through the rumen wall (McDonald, 1948). The ammonia
resulting froa the de-amination of the amino aclds may be utilised
as a source of nitrogen by otaer micro-organisms, but large
quantities may be abzorbed into tae vlood streaxr and subsequently
excreted =285 urea (.icDunaid, 1943). 2hls reaction is potentlally
an important avenue of loss oi ingested protein nitrogen. The
extent to -hich such wasteful de-amination occurs 1s related to
dietary factors. Ia general soluble proteins are rapldly
attacked wnlle insoluble proteins are mucii more resistant
(MeDonald, 1232). Tiis difference is ot iuterest esgpeclally in
regard %o plant leaf »rotelus hich are readily soluvle, wnile
the leaf isc fresh and igreen, bhut becoue hignly iasoluble when tane
plant matures or drles as in nay waiinge. fae pnroteiln of fodder
concentrntes 2lso varles coansideraolye. iucin o1 the yrotelin of
peanut meal i1z readily soluble and quicixly degraded in the

runen vhile 2ein of mailze is qulte insoluble and consequently
very slouly attacked in the rumen (ilcDonald, 3962). Differences
in utilisatior of dliferent proteins may explain the variation

in wool growth response to protein supplements used in different

experiments.

5) Pas ] S
One or the first studies in the iive weight gain of
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sheep grazing different specles, was reported by the Welsh rlant
Breeding Station (Stapleton, 1933). live welght galn of sheep
grazing white clover and 1ndividual grasses grown with and with-
out clover was coampared. The results showved that aniwmals on
white clover had live welght gain (23%4) higher taan tuose animals
grazing pure grasses. Animals grazing mixed pastures galned

19% and 164 wore than on oure grass pastures of perennlal rye
grass and cocxsfoot respectively.

Since then several reports thave pbeen presented in
New Zealand, (Rae et al. 1963; 1964; McLean et al. 1965:

Hight and Sinclair 1965; 1967) Anstralia (Gallagner et al.,
1966; wilson, 1966; Grimes, watikin and Gallagher, 1367) and
Englnand (#llford and kinson 1966).

In zeneral all the experiments carrlied out by these
workers, couspared live welgnt galn of young sheep and ewes
grazing pure le_umes stand and grasses with and without legumes
in different seasons.

The results showed that srieen zrazing pure legumes
stand gzained more welght than anlmals srazing pure grasses
with or without clover throughout the year. (Hight and
Sinclalr, 1965; 1967; Mclean et al. 1965; Gallagher gt al.,
1966; Wilson, 1966). Live welght galn of animals grazing
grass plus clover were higher than those on pure grass (Rae
et al., 1963; 1964; Hight and Sinclalr 1965; 1967).

Rae et al. (1963; 1964) found significant differences

in live welght gain 1n favour of the short rotation rye yrass
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white clover, compared with perennial rye grass with white clover.
Gallagher @t al. (1966), reported one experiment in which per-
ennlal 1ye grass white clover mixed gave better live weight
galns than animals grazing cocksfoot/white clover and tall
fescue/white clover in this order, but these differences did
not reach signiricanca. In a comparisor between grass strains,
Rae gt al. (1963; 1964) shoved that animals made better live
welght gain in short rotation rye grass than in perennial rye
grass with Arikl rye grass intermedlate. iicLean gt al. (1962;
1965) fouad that live welght gain on timothy in Sumser and on
short rotation rye grass in Autunn was higher when compared with
live weliut galn of sheep grazing perennial rye grass.

Growth of young sheep grazing cocisfont, perennial
rye yrass and tall fescue were studled by Gellagher gt al.
(1966). Although final live weight dlfferences were not clearly
defined, aniwmals on cocksfoot made better progress at the early
part of the trial (Deceaber) and thcse oa perennial rye graas
at the end of the ezperiment (April). Over the whole experi-
ment these two species were superior to tall fescue. mrther-~
more, Grimes @t gl. (1967) found that growth rates of animals
grazing cocssfoot was lower than those grazing rye grass and
tall fescue respectively.

Milford and HMinson (1966) working ulth S37 cocksfoot,
823 rye grass and S24 rye grass repcrted that the final live
weight gains on S23 and S24 rye graes were 17¥% higher than on
S37 cocksfoot.
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In a comparisoan between pure legumes stands, whilte
clover was fouad %o be superior to lucerne (.clean gt al.,
1965) and voth specles gave better gsrowta rate thaan sub clover.
Diffexrences la wool growta of anlaals grazing differ-
ent grasses with and without clover were found by gallagner g%
al., (1966).  Althoush these diffzrances were 3ot sigailiicant
in elther samoling time betuezn treatmeunt, the analysls of pooled
data from 3rass and grass »plus clover treatseut indlcated sig-
nificant differences in favour »f the prass glus clover treatment.
in sgite »of the fact that variation in live welizint
zals and wool growth were noted i auloals grazing differeat
gpecles and stralnz, the reasons for this were n2é tuily

exanlined in all cases.

[
o
ct+

in the experimeuts couducted by xae et al., (1363,
1964) herbagze ilwutalke was nst estlaucted but Jaa.s, Ulyatt and
Gleaday (17283) in the absence of this data, attrituted tae
obgerved diifereaces in live ~elgnt gain, tu diffcrences 1in
ramen 111l and papillation as well as differeunces Ln the con-
centration and provortion of volatile fatty aclds (V.As) in
the rumen. On the other hand, Balley (1964) rclated chemical
analysis of cllipped herbage at monut=ly lntervals to the live-
welzht gain. He suggested that the results were due to
differences in the carbohiydrate composition of the swards,
especizally cellulose, which may affect voluntary intace. This

could be associated with chainges 1n ferwentation rates, and

nitrogen and VFA utilisation.
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uigh coancentratioa of ViA and zood developaent of tne
rumsen ja:illae was found by scisean gt al. (1305) 1o the anlmals
with nign jrowthn rates, prazing wiildte clover. Also the amouat
0i io0d in the reticulum and ruuen o! taese anlsais was lowe.
Tue cohuavecrse in all respects was assoclzted .ith slow =rowtia.
~iiford and ~iuson (1966) reodrted diilersaces in
enersgy rwuention vetuzen two varietlies 21 rye zroess and cocasioot.
Ire rete:ntion on 323 rye srass and 324 was 13,0 2.d 175 higher
taan 337 c.cisis0t respectively. ‘his diflececce 1n energy
retentivy wiis.2d a positlve ecsrrelation 1th dilgzestibility of

o

irom Lhe placts. imerry retentisr vos fouad ne-

I

nerLage ¢

wativel, uvorrelsted »it: the iroporiicon of acetlc zcid in the

i34

rucen Vids sraction. the r2sortisn 21 acetlic 2eld »as uct
corrveiazted 1t the di-estivllity o7 the nervca_ee. Ii:te:e 1n

tale experis-ant vae 1ot ectianted nud Une analjynls of erbace
ard runen liguor woere derived Irom a separate iwdecor feeding
exerissunt,

4 cvod assoclatlon oetveen live-wel ht zala and
organlic uatter digestiniilty, and proportion of crude protela
were found by Griuces, watikln and Gallagaer (1966). Tnis also
was assoclated with high food intace. rurther, Grimes et al.
(1967) found tnat live-welght galn wes strongly correlated with
the proportlon of propionic and acetlc acid 1n the rumen. The
proportion of crude proteln in the dlet was negatlvely correl-
ated with live-welght galn. The total VFA concentration was

not signiflcantly correlated with live welght gain and was
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negatively correlated with cellulose.

Joyce and Hewth (1967) repasrted an ex .eriment in walch
fresh wnlte clover and perennial rye ;rass, both of slmllar
levels ol digestibllity were 1ed eltcer on a2d libituy or re-
stricted vases to penned wetier hoyggets over a 130 day period
In Autuan. ine result showed that sneep in ad libcitum feeding
of white clover ate 2335 more srganlic aatter and 34,5 more crude
Jratelnn and ;ross enerzy than sheepnp {ed 1ith r e ;rags. Wool
sroduction and live wel:at galn iere lilsher in chulte clover
ETOUDe Aulanls 21 thls sroun <alned at a raie 91+ iaster tuan
the rye .;rass grosupe. Ine diiference in ilve wel. nt zained was
anly »2rtly reiated t» the level of di.estlole sranic malter
intare, Soth ecnergy and nitrogen retentlon wvere zreater ior
glieep z'ed wilte clover at hign levels J2{ ioond intate than ior
verennlai rye srass. At walatenance levels 31 1eedin: dilif=-
erences in energy retention disarpeared. #) measuresent of

VrA was made 1o tiilis experiment.

The Australasian llterature dealing wita the efiect
of stocxling rate in animal productlon can be divided ia two
main groupse. Those studies done in Kew Zealand in vhich pro-
duction per acre was considered and those studies done in
Australia on which more emphasis was put in the pasture grazing-
animal eco-system.

Although similar results were obtained in that
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production per animal decreased and total production per acre
increased with increasing stocking rate, these results are
difficult to compare due to the differences in environment,
management and in the pastures and breeds utilised.

An early reyort was made by Walker (1955) from ex-
periments carried out at Ruakura between 1950-55. This experi-
ment was carried out on three different farms which were com-
parable in total area, soill type, paddock number and pastures.
Different stocking rates were used for each farm: 4 sheep,
plus } cattle beast (equivalent), 6 sheep plus } cattle and 8
sheep per zcre respectively. Meat production (lamb per acre
per year), wool productlion, lambing percentage and wool quality
were recorded.

The results showed that lambing percentage at 6 ewes
per acre was slightly higher than at 4 and 8 ewes per acre.
However, meat production per acre was higher at the highest
stocking rate., Bwe fleece welght at 4 sheep per acre was %1lb.
heavlier than at the intermediate stocking rate and Just 11b.
heavier than at the highest stocking rate. Total wool pro=
duction per acre, including lambs, were 431b; 611lb; and 801l1b.
respectively which 1s roughly in the same ratio as the stocking
rates.

With regard to wool quality, the percentage of breaks
was quite high 1n every group. However, wool off the 4 per
acre ewes showed the least amount of break, but the 6 per acre

ewes were close to the 8 per acre ewes in this respect. The
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same treids occurreéc for cotted fleeces. Generally the 8 per
acre ewes wuol was iuferlsr in bhoth scores.

sven 1f thie cattle nuulers run are converted to ewe
equlivalente the results cannot te ccmpared since the pastures
did noh re.elve sluwllar grazing managenent due to the presence
un the czttle.

Muls uas showa by Suckliag (196/4@) whn eandueted an

efpecimunsnt on nuill country in which he studled the effect of

various stucking rates upon anlmal productionn. T-ese %rlals
wveie iald vubt 1s Sy biseiss, calth and wituout cnttle, The

dawoer 3L siuse. stociked in eael Lozt vas 33 43 5; 6%;  and

Ty, and 1 one o Lhe bluchg, cattle usre ddad 29 reguired to

2o bror e¥es3s 0f pasture. Sheep of different aces were used
and a2 ter H years all ase (»Hu2s worse run 1n each treatment,
Tne grazlag asaagenent vas oredonalnantly get gt-eited, in

this trisi obs2rvabisns ~ere made on ee live el ht trends,
laiiv grosbta rates, sonl welrhts, tooth wear and zeneral stock
health =g well =asn some sbgervations in o9-sture off=2cts.

The resulis susved the s3ame trends as those of
calker's experiment. Live v21sht declined as stockinc rate
lacrensed except that at 4 evwes per acre, without cattle, there
was a2 sli ntly higher 1ive weliygsht galn th2- at 3 per acre.

The bhignest lamblng percentazes were present at 3 ewes per
acre, whilst the lowest were at the highest stocking rate. A
small difference 1un favour of the 7 ewes per acre over the 6%

ewes per acre was found. Lamb losses were highest at 4, 5 and
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6% ewes ser acre and the lovest at 7 e.es per acre which also
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amd rowth rates slow down as
stoeklng rate lncrcuased but sualler diiierences were fouad
seliedn SITUUJSe 3iailar treads wers craevorted by Lasbourne
(1356) worcing uwith lanos Irow laambing to weaning at tiree
different sbtocking rates.

An interestiug obscrvatiou 22intsd out by Suckllag
(10648 1s that in all siue above stockling trials, sheep run with
cittle .ere slightly su -erior to taise run alsiue, e3.cclially
at the lowest stocklng rate. Thus Live vel =, 1091 pro-

duction, lanblnz sercentage and 2lso laab _rowth at 2, 4 and 5

. ] ., v e A v . & -~ ¢ . i 4 - Y o N ] ) o~
B8rE3 el &L wWBlg Wi -8l WLCLE TULl4e el ua._'.-.-.:d- At tie
! . n o 3 YRy " v 3 P AP T B R
Blgher stoeiding rates both srouss were not diifereut. £hils

micht be due to the faect thzt o for cottle were uged lLecuuse

£ the very low anovuant of food avallable Is: cuttle.

.ear 1a sneep’ s teetu vas lound to e dlrecltly pro-

portloral to stoeking rate. Jhcen _razed ilshoul catile snowed
less wear tian unere zattle uere :rccent. Ccacerniug f{oot

rot t.e lucldence wes less as stocidng rate licreased.

Collin (1266) in hill csountry, cs:zpared thne .roduction
from v syste=s of nanagexent - mob-etocxlrng and set-stocking -
at § ewes ver acre and between 4% ewes per acre set stocked.
Couparison of results sihnwved a little difference in production
between mcbegrszing and set stocking at the hiher level. Be-
tween the tivo levels of stocking, individual arimal performance

was higaer at the low stocking level, but overall per acre



production was algher at the higher
differences s22urred.

seascnal 3

Turther stidles analysizg

A

stocking level and aarked

agbure prsduction

zu5d 3tuciing rate vere carrled out ia Australla with Jderino
3iLeD.

re gt 2l. (1953) ia Hew Sauth .ales coapared the
effect ol three stneilag (0.3, 1 axd 1.35 5.€85 o4 acsd) rates
Lo ani ol prsdactian., The L£asuls saosced uy signidflcaut
l1ffereucas hat 9a4 graziueyg treatieat on gigey 1live acligut.
Albhioug s sew30al variadinag In tosal pasture avallavic were
1% ancked, svnduelion 55 oreen syade Logieased In Juriag und
deciined 4. Visdy 't Wy ReVEL dYEY.ac Suldl. Sane g lA¥e weight
fakly»ved e sane trend, Shus live welzght increased Jdurisg
Soring and Sarrer and dacliinod in 1590 rase DMBELI0E 18
Live mel b ed 1 sizsnificant ecorrelatism ith the amount of
greai His wwallabla, 5l Zibre disceter shored awniost
gliilor geasonal fluctaations. Juxinun diazeter was attalned
earliar thao waxiaus Jive velgnt.

Colacidernt vitn soring Jise iun ithe anount ol green
forage there wes eleo an increase in the perceuntage of crude
Jtoteln and hosphorus lan the grecn cawgencuts of the pasturss.

Joviever, mean bIdy welght in the

o -

did not differ by more than 10% at =suy time

slight varistion and also 1in wool production c

. €

di fiferent treatament

2c jear. This

an be attributed

to the small Aifference in rate of stsciing between treatments,

whlch might be nat enough to stress the pasture, hence varlation
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in nutrition may have not been sufficient to affect animal
production.

Large varlation 1n fleece welght at different stock-
ing rates were reported by Sharkey et al. (1962). Variation
in body wei;ht of sheep grazed at stocxking rates between 1 and
6 ewes per acre differed by as much as 507 in late Winter. In
agsocliation with the lighter fleece weight, poorer wool style
and character and decrease in fibre thickness were recorded.
Thils experliment was carried cut on a pasture composed of
Wimnera rye grass and sub clover. Draxe and Elliot (1960)
found 1n general the sams results. Wiool production was re=-
duced by 31b. a head between two and silx sheep to the acre 1n
the second year of the experiment.

Arnold, ¥cManus and Bush (1964) and iciianus et al.
(1364) reuosrted an experiment carried out during 4 years in
which long term cumulative effects on both pasture and animal
production were studled.

The experiment was divided into 3 phases. In the
first, ananal and perennial pastures were stocked at the rates
of 2, 4 and 6 Merino Wethers per acre.

Jn phases 2 and 3 the perennlal pastures from the pre-
vious experiment were stocked at 2, 4, 6 and 9 sheep per acre
(L; M; H; VH). The results showed that total greasy fleece
welght 41d not differ significantly between treatmeant, but in
the third year the highest mean fleece welght was recorded from

sheep on the H treatment. In this particular year, sheep
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running at 9 per acre had also higher fleece welght than those
at the lovier stocking rate.

Wwool growth in Summer was less than that in an equl-
valent period of wWinter with the exception of very high, which
actually cnanged the phase of wool production with respect to
sheep at the lower stocking rate. These sheep produced more
wool only in Spring than the other treatments but they produced
less at all other times.

Two interesting features upon live welght were found.
One was the large weight loss in Sumner and the second the time
when sheep ceased to galn welght at the different stocking rates.

Sheep at the two higher stocizdng rates galied welgat
for a montn 1n Spring after those on the lower rates had started
to lose welignt. The time 5f maxigun rate of zain differed by
as much as four weeks between treatments., These findings were
not observed by willoughby (1959), perhaps due to differences
in both pasture yleld and quality.

Thne effects of stocxkxing rates on fleece caaracter=-
1stics were negligible in all years. Seasonal patterns of
staple length and fibre dlameter follow those of wool production
and weight change.

Differences in live welght galn between low and high
stocking rate in Summer following the same treatment in Spring
was reported by Ryles, Williazs and Green (1956) in BEngland.

Heavy stocking rates in Syring gave the greatest l1live

welght increase per acre. No differences between treatment in



the rate of gain of the indlvidual animal were found at this
time. Hewever, sheep at the highest stocking rate gained
welght more rapldly in Summer than those under the low stocking
treataent. It was estimated that the low stocited anlmals nad
inferior quallity of feed since the quantity of herbage on offer
wes estlizated to be greacter after lenient Spring stocklng than

after heavy 3Spring stocking.
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B. ASTURE

1) ; o P Pro it
Somponents

The effect of stocxlng rate has bsen found to govern
the nature of swards (Davies, 1962; Sharkey, Davis and Kenney,
1964; Suciling, 1964; Arnold et al., 1964; Kydd, 1966).

Davies (1262) found that the botanicai composition of
a sown pa3ture was altered considerably wnan it was stocked con-
tlnuousiy with flve lamving ewes to au acre. fhe original
sown annual clovers and native grasses were largely replaced by
capeweed and geranlum (Cryptostemma calendulal.

Saarkey @t al. (1964) vorking vith an established
annual pasture of #“lmamera rye grass (Loliug rigzidum) and sube
terranean clover (Ixifolium gudbterranews) observed that both
specles virtually disappeared when pgrazed 2t 6 sheep per acre.
It was attributed to the dlsappearance 21 seeds »f these anrual
species Iiroa the soll. Also couasuwption of seedlings before
they becoue well-established and lircltation of leaf area of
established plant by grazing might contribute to the change in
botanical composition.

At the low rate of stocking, wimmera grass became
dominant despite the large seed reserves of subterranean clover
in the solil. Slight changes in botanical compositlon from
year to year in the areas grazed at three sheep were observed,

but were not progressive.
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Wworzing on hill country where a nixture of rye grass
end white clover was sown sn the natural srassiznd, Suckiing

(1964) obsurved cnanges in botanlcal camsositlon -ith different

—

levels of stoc<ling. This exseriment comgured 33 4; 5 and
6% ewes ver acre with and without cattle, set stocced over 4
7esrS.

At three ewes ner acre witn no cattlie, verennlal rye
irass and white clover were reduced and s .ecles such as browntoy
and ciewlng fescue increased, compured witn paddocis which nave
been fully utilised. As gtucxing rates lacreased, so also
did the rye .rass and clover content, whille all the other srasses
resain at simllar levels over the neriod. Incre+«sing quantitles
of rye isrz=8s usver tae exvperimental periond ere shown wvhen caitle
and sheey were grazed to achleve cua -lete utilisation >f thae
sumsture all yeur round at a3ll stocxlng rutes.

4l levels of clover were recorded in tnese paddocas,
particulaerly at three, iour and iive ewes ser acre, slus cuttie.
At 6} ewes .er acre tinere was a marced reduction in clover con-
tentge due to the high grazing pressuce.

At tuae lower stocking rates of three and iour ewes
ber acre with no cattle, a very hlgh proportion of the total
herbage was made up of dead grass (52%). This proportion in-
creased as tne trial progressed.

As stocking rate increased, the proportion of dead
grags decreased especially where cattle and ewes were grazed

together. This proportion was of the order of 20 to 30% of
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the sample.

Effects on the growtn form and botanical composition
were observed by Kydd (1966) in a sward of perennial rye grass -
white clover, stocked at two diiferent levels. At 5 sheep to
the hectare rye grass specles agssumed a prostrate growth habit
in the first year. This condltion was less prevalent at 3.3
ewes/hectare/year. The amount of rye grass slightly decreased
in both, thls effect belng greater at the higher stoc«lng level.
+hite clover almost disappeared after 2 years in both treatments,
and was replaced by Poa Sop. This resulted in a total ground
cover of 42 and 57/ in the grazed paddocxs, at low and high
stockinyg rate respectively, towards the end of the experiment,

Inese changes 1n structure and botanical coaposition
of the sward were accompanled by an increase in the amount of
dry matter production from year to year. However, there was
no increase in the amount of dry matter grazed by the animals.

Arnold et al. (1964) subjected a rthalaris tuberoga -
sub clover pasture to 4 levels of stocking. They found that
after a perlod of 4 years grasses replaced clover as the domi-
nant specles in all treatment, except at the highest rate of
stocking. Although botanical composition diifered between
treatments the same specles were present in all pastures, and
even at the highest stoczing rate the phalaris did not disappear.

Using different intensitles of grazing at different
times of the year, Willoughby (13959), found that at any one

stage, time and intensity of grazing had no great effect on




botanical composition. It was suggested that in Winter, in-
adequacy of pasture restricteld selective grazing, so that the
components were consumed in proportion to thelr avallability.
In Spring where selective grazing was possible growth rate or
abundance of all specles were far in excess of consumption,

and changes 1in botanlcal composition were then minimized.

2)

Attempts have been made to explain the effect of the

grazing aninal on pasture productlion and its comjonents under
different grazing pressures. Since the lniiuence of grazing
animal upon the pasture 1s mualnly througi the defoliation, most
of this work has been done without aclmals bty adcpting various
methods of cutting at different intensities. Thre extrapolation
of results of these experiments to zraziag practices must be
made with caution, since the animal also exerts its 1nfluence
in the pasture through selectlve defollation, trampling and
addition of nutrients through dung and urine.
a) Effect of Defollation on pastuie production

The literature on the responses of pastures to vari-
ation in defoliation practice 1s somewhat confused. Humphreys
(1966) states that this 1s due partly to "lacunae in the under=-
standing of the basilc processes involved and partly to con-
flicting management objectives resulting from polarities between
imminent and long term responses and between animal and pastures

requirements”,




35

Conflicting results have beern obtalned from defoliation
experiments in terms of the dry matter produced. For example,
Kennedy (1950), Brougham (1959), Larger and Stelnke (1965),
Auda, Blaser and Brown (1266) found that increasing the severity
of defollation reduced dry matter yleld.

In contrast, Hanson, Sprague and iHeyers (1952), Reild
(1959, 1366), Appadural and Holmes (1964) obtained higher dry
matter nroduction from close compared with lax defollatlon,

On the other hand little effect on productlon frox close
defoliatlion was reported by Jaciobs (1350) aund Bernardon, Huss
and #cCully (1967).

The effect of different fregueacliecs 0f defoliation
alsos presents conflictlag results. Burger, Jaciiobs and Hittle
(1953) reported a reductlon irn production ty lncreasing the
frequency of defallation while Tesar a2ad Anlgren (1250), Burger,
Jackson ard Elttle (1962) found that increasing frequency of
defoliation resulted 1xn lacreased production. Little effect
on praoduction from frequent defollatlon has been reported by
Broughan (1959), Lazenby and Rogers (1965).

Evidence of speclies and varletal differences in the
response of the plant to defoliatlion was often found, and usually
attributable to differences in plant morphology (Jones, 1933;
Cooper and Seed (1949); OCooper (1960). Erect growing species
showed a greater reductlon in yield from close defolliation than
did prostrate species.

Various attempts have been made to explaln the re=-
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sponse to defoliatlion in terms of developmental physiology and
have generally revolved around three main theories (Alcock, 1964;
Brown and Blaser, 19638) viz; carbohydrate reserves, root growth,
and leaf growth and light interception.
1) arbohydr ese

The importance of carbohydrate reserves in the root
have been stressed by Welnmann (1952; 1361). e suggested
that carbohydrates are depleted under firequeunt grazing and are
the cause of the progressive reduction in root and herbage yield.
Doubts about the vallidity of attributing the growth solely to
these carbohydrate reserves vere ralsed by #ay and Davidson
(1958) and by the work of #arshall and Sagar (1965), using
labelled radioactive 14001. They snowed tnat tie decline in
root carbohydrates of perinnial srasses after defoliation is
largely caused by lack of replacement from tne leaves and not
by tinelr mobilization to initiate new leafl growth,
11) Root growth

Defoliation has often been Ifound to reduce the size
and growth of roots.

Reduction in both shoot amd root yleld was found by
Hunt (1952) under frequent defoliation.

Reduction in root respiration, root growth and ab-
sorptive capacity after defollation due to depletion of avail-
able carbohydrates in the root was suggested by Davidson and

Milthorpe (1966). The rate of growth of the plant may be

limited by the rate of nutrlent uptake during the recovery.
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Joor growth after grazing nzes also Deen ex.lalned in
tzrms of lowered abilit; of a defoliuated . lant to absorb water.
It .23 iladicated by Jantii and Kraser (1356) that defoliation
2f sasture olants reduces the diffusion oressure deilcit in
trie roots iroa values between vea zand btwenty atmospaneres, ae-~
~eunding oa the severli, of deiosliation. ig dry solls where
vater is neld at a veusloun greatver than twu ataoscueresg, Llue

acglziloved Siaant vould ve uwavle Lo absorb .ater.

Sontrol oi Tegrowbi rate aiter udelolliailoun nas been
altribuled to residual ieal area rewalnlng aster defonllation
by several iuavesti_ators. (watson, 1952; srougham, 19563
Donald aad Zlaci, 15533 Larger, 1J537.
eneral t.ese uorkers nave su_gestea Laat maxliauxm
grovwt: rates after dofoilation wxc deexdent on tie amount of
lignt latercested by tiie plant aiter defollation. Difierences
In s_ecles and varletol respanse to defollisilin were ex.lained
i3 torws 21 differeaces in o-timun Leaf Area Index (L.i.1.).
w..lte clover was f{ound to produce 1ts amaxlaum rate of growth
under closer defoliatlon than grasses because ol its lower optlaua
L.A.I. {3.5) than grasses such as perenanlal rye grass wita an
optinal L.A.ie. of 7.7 (Brougham 1353). The optimal value will
also depsnd on the light lnteusity above the crope. lience 1t
will vary during tne year. Also the critical value will depend
on the spatial arrangsment, particularly the inclination of the

laminae, being hignher whea follage 18 erect than when it lies




horizontally (Brougham, 1958; Donald, 1361).

Therefore, 1t could be possible to interpret the way
17 which different systems of defollation alfect yleld by cun-
sllerla.: the degree by wnhnich they approach the ideal.

Hdovever, thls theory does not explaln those circua-
st-rces vhere close defollatlion has 1n fact resulted in higher
pvesture arnduction, than less severe defollation. This 1s
~articulsrly so where such results have been obtalned irres-
~2ctive nf the srazing frequency between close and lax deioll-
ntion traeatments (Burger et al., 1962).

Thegse dilfferent results have been expiained as tae
gffact o0 cutting on the translition from vegetative to rey ro=-
ductive srowth and 1ts effect on tane pattern of development in
or sses (Lar-rer, 1959). Lax grazing ofteam allous relatively
nlisterrasted develnoument of the floweriny snoot, resulting in
~n nltinate check to increase ol leaf area in the sward.
fla~ering 1n reneral 1s accompanied by a decline in leaily
vegetative tillers and with limited leai development ou swhe
flovering shoot. Close defoliatlion during this stage inhiblts
the developuent of the flowering shoot and results in an increase
in tillering and leaf development (Cooper and Seed, 1949) nence
higher production.

On the other hand lax defollation results in an
accunulation of senescent and dead material (Campbell, 1964;
Hunt and Brougham, 1967). This material is relatively or

totally unresponsive photosynthetically to incident light energy
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and tillering may alco be liluited bty 135v 1llght intensitles at
tue base of tillers (Mitchell and Coles, 1955).
wicrenced deed zzbtter sccuzulatisr fros about S401b/acre
16 wmy Lo uver 200Clu/ucre in August 1o =xn undef-liated svard
Oi dlballal Lyo oraus swilé vas reported by Hunt and Bioughaa
i Cluse def~lictlon sn the other hand decreased the

auvunt ol cead mnaivter {Cawugbell, 1964) and allowed tiller fors

L)

watiocu (Liunb, 12053 uut aud Drousham, 1967).

WS ks

=

weekly iunturvuls over i perisd of 49 days dunt ard Brougham

(1367) iunad t.not the rate =

Lus 37 Bo 14 tillers user &z ser wee': ~nd the tnotal number of
bi.lers presuut declived frs: 95 to 64 ser dm . Theyv concluded
w:iiat the deczesse in tiller aumbers and thie rate of uapoearance

0a billers btogether »1th the bulld-ugs o7 sheath and dead materlial
fesulbed 1o oo sward ol rslativel, low shotosyutiietic capacitye.

Aslow (1505) reported that in Susmer, herbage ylelds
iLo4u cuensivobd and Vimotny p=z-tures were correlabted wlth the
average tiller size.

iie theories su._estcd ts oy l=ain the response of
vastures to deinliaticn have been briefly outlined. The fact
that all exyerlients cited atove neve been carried out in diverse
ciimatic and edaphic condltiong, different heilght, different
frequencles and methods of defollatiuns, and at different mor-

phological =und physiologlcal stages, there will certainly be

many and laportant exceptions to the generallsation made above.
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liation aas proisund eifects on tie botanical coa-

o
=4
A

meltion of the sward.

Thare is a geuweral = reement in tae literature that
In a ress-clover 3. aia irequent and hard deicliztlion results
in 2 clover do Anunt sward (Jones, 19333 crouganam, 175y; Reld,
1952). Trese changes were atvtributed malnly t> the eliulnation
of e myetiti~r for 1i.at (brougham, 1953; Donald, 1261), de=-
structi-srn 37 s51loal] meristen and exiaustinn of root res=rves in
the erect 3 colas (selusani, 1243, day, 1960).

Caothe stuer nand, under infresuent and lax razing
the svnrd beids o be grass doainant (Jones, 1933; sroughanm,
19593 Rkeld, 1353; Stera aad bunald, 1962a)e. Sinmilar results
were obbtalued 1o g ards wasre grasses s5i diiferent growth lorus

wers di Jorently trezied, tue more prostrate specles being

su oreaned o bl gWard vas lenlently and infrejuently srazed
(Holltdey -nad 1ldxz:, 19363). Aesults obtalned were explalined

in terms of 1i5ht relaticusiips in ithe sward. (Davies, 1954;
Steir and Dovald, 1982a).

In 2dditisn to the direct eifects ot defoliation on
the pasture, defoliation may lead to marked changes im the mlero-
clinatic, disher scll temperatures are liixely to occur under
frequent =ad severe grazing than under the lax and infrequent
grazinge.

Whilst tinese nigi soll teuperatures are undesirable

in Sunmer for teapeiate speclies, it i1s considered as an advantage
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t> growth vnen Ireguent =nd severe grazligs are adopted 1ln winter
in Yew Zealand (3rouzhaz, 1359). Lower levels oi soil moisture
kave veen rzcoxdad by Jaatll aud araimer (1356) and srougnaam
(1552) to sccur uvadsr [regyucab and sevese eraziug than under lax
end Infreguert graszlags. Sug. Jdallersences i si2il molsture and
tencersture could well lead Lo casages 1lan tae botanlcal compo-

sitin of tiz svardl lag to the didifsieaces la specles response

rideare o7 5y tuve dasage cauased vy treading 1s some-
wiat contradictory, il the exgeslacasal cuadablons and tech-
niones ex2loyed fu Liduce Slgading dannge uuve alsu been divergent
(Td a-d, 19032; 1208h; 1902, 1UCD, 1564 Seobt, 1J63;
Covzhell, 1255,.

Reductlon 1z zcratica, wubur peaelsation and root

growth Live been recorde
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04 50l cowpacilion by tramp-
1ine (3dasad, 1058u). Ireading aas been iouud to alter the
form and sanape ol zrasses from srcct, rouad or tuited to pro=
strate and ellinstical {(Zdaoud, 1952a).

Heavy treoadlag aay ceduce paudder ol tlllers and total
production in dry or wvet soils (Zdaond, 1358a, 13580, 1964),
Also it hos weea shoum (Eduwond, 1964) that pasture specles are
affacted differently by treading. Jerenunlal rye grass aud
timothy appeared to Le more tulerant than cocksioot, red clover
and yorkshire fog. Al 30 ective growih has been related to

tolerance to treadiag. ¥er lnstance, white clover appeared
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more tolerauyv Lo treaalng in Sumger and snort rotation rye

sLass @ore tvolerant in winter (Edmond, 1964). Brown (1968)
leporied dirferent eitects of treading on pastures of different
neighuse. Ireading pastures beiore the herbage was removed pro-
duced nigisr yiedds in winter and Spring but not in Autumn and

Suwner, thaan pastures trodden aiter detoliation.

d)

Lfne anlmal nasg an impecrtant etrfect on the turnover of
pPadib nuivzaests in tne pasture eco-system.

Jrine has been found to contaln large amounts of
wibl0ge «wild potassium in availavle form, whilst dung contalns
wndwost all vhe phosphate and caliclum together with slow-acting
nitrogen and potassium (Sears, 1951). An estimation of the
amount ci rertiliser returned by the grazing animal was made by
Levy (1945). wethers grazing a pasture producling up to
15,0001us. Di/acre/annum revturned an equivalent of approxi-
mately 15 cwt. 01 sulphate of ammonia; 5.5 cwt. of super-
phosphate; 10 cwt. 0f 30% potash salts and calcium equivalent
to that in 2.5 cwt. carbonate of lime. Similar manurial values
9i tue dung aad urine returned by mature wethers have been re-
ported by Sears (1951).

ine retura ol dung and urine by the animal may or may
not influence the yield and botanical composition of the sward.
It has been found to depend on the nutrient status of the soil
(Wheelier, 1960; Davidson, 1964); the pasture and its ability

to recover the nutrients from the soill (Davidson, 1964); the
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distribution of the excreta which will depend on the type of
animal and its habit (Sears, 1951; Petersen, Woodhouse and
Lucas, 1956; Hilder and Mottershead, 1963; Hilder, 1964-66);
and climatic factors (Sears, 1951; CPetersen gt al., 1956).

Sears (1951) has shown conslderable effects of dung
and urine, on pasture productivity and botanical composition.
tle found that when both dung and urine were returned, the sward
resulted in a balanced perennial rye grass/white clover pasture
and produced the highest dry matter yleld.

An increase of 1204 of herbage production was found
by wheeler (1958) under full return of excreta in associatlon
with nitrosen fertiliser applicatlon. Simllar trends were
found by watkin (1954). A decrease 1n the percentage of white
clover, and a stimulus to grass growth was found with the return
of urine alone (Sears, 1951). Wheeler (1958) obtailned the same
result but largely by a progressive increase in nitrogen appli-
cation. Sears (1951) obtalned a clover dominant sward when
dung only was returned and attributed it to the low content of
nitrogen in the dung which was not sufficient to maintain
grass growth,

Petersen gt al. (1956) found that the distribution of
excreta has an important effect in the total production of the
sward. He suggested that at a cow per acre the excretal return
factor could be dismissed when considering overall fertility
because of the high concentration of nutrients in patches, low

total coverage and the speedy dissipation of these nutrients.
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Hilder and Mottershead (1963) indicate that apart from
losses from excretal patches there 1s also the problem of undue
concentration in localised areas. Hillder (1966) showed that
gsete-stocked Merino sheep tend to form sheep camps on small
areas of the paddock vhere the excreta 1s accumulated. In this
experiment thirty to forty-five per cent of the dung and urilne
was dropped on only six per cent of the paddock and where almost
all the major nutrients reached higher concentration than the
rest of the paddock.

e) - ant mat v _th zinz 2

There 1s a general agreement in the literature that
sheep aund cattle select leaf in preference to stem, (Arnold,
1960; Reppert, 1960) and green or young material in preference
to dry (Cowlishaw and Alder, 1960; Arnold, 1962; Grimes,
Watkin and May, 1965). The nitrogen content of the selected
material is usually higher than the nitrogen content of the un-~
grazed material. (Hardison, Reld, lartin and Woollock, 1954;
Arnold, 1960; Gallagher gt al., 1966).

The intensity of selection by the grazing animal will
depend on the plant material avallable to the animal (Armold,
1962). This will affect not only the quantity and quality of
plant material esten, but also the utilisation of total material
avallable. The presence of dry material and disliked species
has an important effect on utilisation and on what 1s selected
‘M41ton, 1953; Arnold, 1962). By selective grazing the animal
wlll frequently reduce the area of pasture that it will graze,
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because uneaten areas become progressively less attractive
(Arnold, 1962).

A pattern of patch-grazing was observed by Suckling
(1964 1in three of the four stociking rates with ewes. At
three ewes per acre, only a small proportion of the total area
was under close grazing whlile the remalnder was composed of
patches of long rank herbage. The same trend but with smaller
amount of roughage was observed in the four and five ewes per
acre. At very high stocking rate this pattern of grazing
almost dlsappeared.

Although the effect of selection 1s minimized at high
stocking rates due to decrease 1n avalilable forage, 1t still
exlsts. iodgson (1966) showed that tillers at high-stocxing
rate (30 sheep/acre) were defoliated on average, every 7-8
days and tnose in the medium-stocked sward every 11-17 days.
The total green leaf length of tillers grazed by the sheep was
generally greater than o f tillers not grazed. On average, 27
and 40% of the green leaf length of tillers in the medium and
heavily stocxed swards respectively was removed at each grazing.
Older leaves on the grazed tlillers were defoliated much less

frequently than were younger leaves.

Plant communities respond to rainfall and to temperature,
resulting in distinct seasonal patterns of growth. This leads
to excess feed at certain times of the year and periods of short-

age at others.



The grazing pressure exerted by the animal population
on the whole pasture or on particular components of the pastures
tends to be greatest when either or both quantity of accessible
avallable pasture and 1ts quality are lowest. Under high
pressure and especlally in seasons of herbage shortage, the
effect ¢f close znd frequent defoliation may affect botanical
composition and hence final total production. Low grazing
oressures, may affect plant community, through competition be-
tween existing components and invasion by specles from outside.
In addition, effects such as the growth and death of material
(Campbell, 1964; and Hunt and Brougham, 1967), regeneration
and reproduction of specles iancluding the survival and carry
over of seed (Rossiter, 1961; Sharkey et al., 1964), nutrient
cycling, particularly of the elements phosphorus and nitrogen,
form an integral part of the biological system and has a strong
influence on the above factors (Hilder, 1964; Kydd, 1966).

Soll moisture levels at different stages of growth
may also have a great influence on pasture production and botani-
cal composition. These effects will show up more frequently
under high grazing pressure, because the lack of root depth will
make the pasture more susceptible to climatlic changes.

Nevertheless, a pasture under high grazing pressure
is probably very dynamic and may respond more rapidly to environ-
mental changes both good and bad, beneficlal and harmful. It
18 likely that the nitrogen cycling through the animal=-plant-soil

system, is used more efficlently, because the plant is
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physiologlcally more responsive and less nutrients are lost to

the system than in an under-stoc<ed situation.



III. BadkaliwilAL

A, IolaobdoslOn

The object of this experiment was to compare the
effect of permanent pastures of different specles on the seasonal
wool growtn and live weight of Romney hoggets set stocked at two
ditferent levels of stocking; also to cowmpare tne effect of
stocking rate on pisture growth, avallability and composition.
The plot lay-out was designed by Professor B. R. Watkin

and laid down before the writer's arrival at Massey University.
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B. HATERIALS

1) Location of the Hxperiment

The experiment was set up at the "Tuapaxa" research
farm of tie Massey Uulversity. This farm 1s situated 8 mlles
north-east from Palmerston North in the ¥anawatu district, at
an altitude of 230 feet above sea level and on latitude 400218.

Temperature and raintall records, presented in tables
Ia and Ib have been taken from the D.S.I.R. weather station sit-
uated 8 mlles away. However, these records are significant

because c¢i the laeck of climatic varliation in the area.

2) I 2] Design

The exveriment is a randomized vlock design of 32
plots recresceating 4 different pastures with 4 renlicates.
Each plot of 2/3 acre was sown in Autumn (16th-17th April) of

1966, ith the followinyg certified sesd:

N.2. "Grasslands®™ white clover (Irifolium repens L.)
N.Z2. "Arasslands” cocksfoot (Dactyllg slomerata L.)

ieZ. "Grasslands™ perennlial rye grass and white clover

(Lolium perenne L. and Irifolium repeps)

N.Z. "Gragslands" cocksfoot and white clover (Dactylis
glomeraia L. and Irifolium repens)

see fig. I.

General views of the experimental area are showrn in

Plates 1 and 2.



TABLE %

Meteorological Data for Manawatu
Recorded at DSIR-Grassland Division at 8 miles distant from the Experimental Area

Temperature °F 1967.

Mean Mean Maximum Minimum
Maximm M nimum Hean Absolute Absolute
Jan. 692 54..8 52.0 81.7 43.0
Feb. 704 53.8 62.0 80.0 L.
Maxr. 7041 54.9 62.5 8049 L2.3
April 6l o2 50.0 57.1 74.0 355
May 58.5 L8.7 5146 64,0 31.0
June Shet 37.9 46.0 61.0 29.6
July 5247 374 149 613 28.8
August 57.7 IV 50.0 6341 30.8
Sept. 573 42.4 49.7 66.1 29.2
Oct. 63.5 47.7 55.6 70.1 355
Nove 656 50.0 57.8 81.8 352

Dece m.? 55.0 6209 78.2 ‘#1&.6



Jan.
Fe'b.
March

Moy
June
July
Avgust
Sept,.
Oct.
Nov.
Dec.

Totel.

TABLE 1b

Monthly Rainfall for 1967 and average of 30 years

Inches

3011
3.69
2.69
2.12
2.96
1.66
1448
720
1,22
2.57
370
6.48
38.88

No. of Days

13
2
8

30 year average

339
271
2.82
304
3e32
3464
351
3432
2.75
3eL0
320
4,03
39+30
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PLATE 1

FLALTE 2

General view of the Exrerimental Area.

( Angust 1967)
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3)  EBxperimental Aninmals

On 26th May 1967, 208 Ronney wethers from two different
origins, 'Johnson's' (142) and !valianae! (566) born in August-
September, 1966, were welghed. Sheep were allotted to plots
with randomization beilng restricted in order to zive 2 simllar
live welght distribution and me2n for all plots, at the rate of
4 and 9 in each plot. This represented a stocking of 6 and
13.5 wethers per acre.

The Walkanae group were not used at the low stocking
rate but were used to make up the number in the high stocitdng
rate. Data was obtalned only from the Johnson Zrouv. The
aninals were set stocked for the »eriod of the trial. Re=
placements were made in cases of death only tc naZe up the

nuzbers of animals per plot.
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C. METAUDS

i - et —

o) Pasture lMana-ement

F1lowing sovlne and subsequently in Soring 1966 and
mturn and S yring 1967 3 ewt. of suverphosphate plus 1 cwt. of
merinte 2 Ff antnash ner acre were annrllied to each »nlot. Pure
rraaqg o ton dreecsed wlth 2 ewt. of urea in Asrll, August and
Octaver 1967 to s2intain the pure stand. Pastures were main-
t2ired in the ~ure stnte by the anplication of Dalapon, Tordon
and Z.2.P.A, z2ccrrding to the particular requiresents. After
establlshiaent, the -l ts were perilcdilcally grazed wita sheep

untll the exveriment started, in order to control pasture growth.

2)  Pasture Sannlep

Herbage samples representing the pasture availlatle
wrere cnllected at intervals of 13-16 days taking two subsamples
of 3 sauare feet 1r representetive areas of the grazed jlots.
At the came time 2 subsamples of the same plot or paddocs were
taken from under carses, previously placed, to measure pasture
gro-rth. Pastures were cut at ground level with Sunbeam electrilc
sheep shears. After each cutting the cages were moved to a
predefined “"representative" area.

The paxzture clippings were placed in a plastic bag
and subsequently welghed in the laboratory and mixed for sub-
samnling. Subsamples of 200gr. were taken and dried in a

J
"Unitherm" electric oven for 16 hours at 80 C for dry matter
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determinations.

3) Botanlcsl Analysis
IMur botsnlcel =nalyces vere nad8 apy roximately each
two monthe by telirg 40:r. subsamuvle fros the clipped sauple

mertlinoned oah~ve 2nd hord c2:oratlios 1t Into

=

de2d m-tter end o~ther srecles. Trece s2ii:les were drled iun
the oven and el .:2d. The dry ratter Fres ewch zan.le was

referrad as ~ercentage of the tHtzl dry sas:le.
In order t» 2stimote the airunt of bare =zround at the
me o ow nastare avallaonllity, .oint asatlysis rethods were
ti f 1 t 11ability, Int L y3i thod r

used. In each naddocik 100 hits were recorded.

4)  Animal Ave veliht
All arlmals vere welghed avery four weeks, to Lue
nearest --~und, vsicg & slirs s.spended irow 2 "Salter" o ring

balance sunported bty a trirod.

5) ool Sagynllus

Midslide samples wzre tsiken {rowr e=ch anlmal by clipying
patches of aporoximately 100 s8q. cm. every 12 weeks usirg "Oster"
electric clippers (0020 blades). The patch dimensions were
measured to the nearest millimetre using calipers with elongated
points. The area was ectimated from dimensions of the four
8ldes assuming rectangular shape.

Midside samples of greasy wool were conditioned in
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a constant humidity room before welighing. Wool welghts were
made in a Mettler balance to the 0.001gr.

To assess monthly variation in wool length growth rate,
the dye banding technique (Chapman and Wheeler, 1963) was used.
Dye bands were applied four and elght weeks after clipping using
a plpette to run a line of dye solution along the skin in one
corner of the clipped patches. The dye used was an agqueous
Durafur-Black R solution which was prepared immedlately prior to
use by dissolving 4g. of Durafur Black R flakes in 500 ml. cold
distilled water. When the flakes were dissolved 4 ml. of
concentrated hydrogen peroxide (100 vol.) were added.

Heasurements on the clipped wool samples were made
to the nearest millimetre using a ruler. The distances measured
were from: the tip of the staple to the bottom of the first
band, from the bottom of the first band to the bottom of the
second band and from the last position to the bottom of thne
staple. In order to correct for the effect of the plle of wool
left by the clippers, 2 animals were clipped on the midside and
dye applied to the skin. The thickness of the dye band which
appeared on the tip of the wool was measured. The mean of
this measurement (2mm.) was discounted from the measurement done
from the top to the first band and added to the measurement
between the second band and the bottom of the staple.

Estimation of fibre growth length per day in millimetres
was made by dividing the length obtained during each period by

the appropriate number of days.
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Fleeces were welghed at shearing on a Xendall tleesce
weilghling table. Fleeces were graded according to the extent
of discolouration and cotting within the fleecs. A rizht
midside wool sample was removed and later graded for soundness,
colour, degree of cotting and other characteristics. Descrilp-

tions of the grading systex used are zlven by Sumner (1969).

6) Statistical Analvsis

Apnalyals of varlance was performed on tae dry matter
avallable and pasture grnwth data collected at seven sampling
tiuwes wnicn coincided with aninal welizhings. The significance
of differences between mean pasture types was evaluated by
Duncan's multiple rauge test (Luncanm 1955).

Differences in animal and wool characterlstics were
analysed by tiie least squaresimethod for unejual sub-class
numbers. Differences 1n body welgzht were tested by the co-
variance analysis using the previous weight as the independent
varlable.

Wool growth differences of midside samples in grammes
and welght per unit area 5n/cn2 were tested by covarlance
analysis using welghts of wool sampler taken at the beginning
of treatments as the independent variable. Dif ferancas in total
fleece welght was tested by covariance analysis with welght per
unit area of the beginning of the experinent.

The model used for these covarliance analyses was

Y ZU+ AT+ P+Y P +AX  «X)e €
bps L p 8 p s Lps bys



wheres

7
bps

A
b
¥
p
P
8

All analyses were calculated using Massey Uaniversity

an observation on one characteristlc
overall mean for that characteristic
effect of Blocks

eifect of pastures

eifect vf stocking rate.

I.B.4. 1620 computser.
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1) 2zgture Avallability

Chianves An dry matter avallable ifor vastures grazed
at 1ilzh and low stociag rate are siicwn 1o Flgures 2 and 3.
The total forzge avalleble showed the same seasonal trend for
%1l pastures under high and lcw stocilng ratve, with a anlninmum
avallabllity toward trne eund of =inter and uaxlaum at the end
of Suyriuge. within nonthly observatliaons, the signiflcance of
the difference in mean total dry matter avellable between
pastures, blocks and stocklrg rates wes tested Ly analyslis of
varlance (Iatle 2) followed by Durcan's multisle range test.
(fztle 3. I-tal dry metter avallable was significantly greater
(£<C.01) under low stoc:lng rate. This e:;fect w=s eviident in
2ll psiures treatment except wonlte clover. ir. tnls cacse tue

1iterence between high 2nd low stocking rate was not slgniflicaut

over tne 3Jgpteaber to Jctober jerlod. Differences in avallabl-
lity tetieen grasses (with and without clover) and pure wnite
clover pzsture under low stocilng rate were significant (r<0.05)
through the whole experiment, except for cocksfoot vlus white
clover at the end of November. This superiority of grasses
over white clover was not so evident under high stoc«ing rate.
Differences were dependent on the ability of the individual
grasses to respond to the grazing pressure. For examyle,

cocksfoot with and without white clover was significantly

superior to white clover f{rom June to September, but thereafter
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Source
of
Variation

Pasture
Blocks
Stooking rate

Pasture/
Block
Blook/
Stockin
Pasture
Stocking rate
Error

rate

Total

Degrees MeSe
Fr:idom 26/6

3 310752.66m

3 20839.00

1 1192355.00mm

9 35476011

3 54755466

3 3408433

9 30621 .11

A

TABLE 2

Analysis of variance of Total Fasture Available

M.S.

11/7

62041 4 o 6620
5956500
225531 6. 00sem
62960, 88
16936.00
12523.66
25856.88

n = p 0.05

me = p 0,01

Mol

9/8

L8042 , 00w
1220440
1949475 4 00sa¢
14140.00

L4654 40
2778173
21085.04

M.S e M.S. M.S.
L/9 4/10 1/11
73904L..663m  1322778.60m  121187L..60mm
64364 56% 1020L.3,66 685876 .66m

2136968.000m  5,.,2854.00mm 16322041 .00
21388416 7054922 138871 1y
4072,06 120878, 33 101382.00
1551364730m  415190,00mn 636244433
16614493 62853433 136130433

M.S. = Mean Square

M.S.
29/11

1250330 « O0mm
499526 . 66mm
25412020, 00mm
96341 .11
12857333
278290,00m
52546466



Pasture

Ba/Ac

Be/Ac

Ae

Be

SeRe

H

L

26/6

1110a

77kbe

10712b
670¢

7330
3264

1149a
19¢c

11/7  25/7
1170b 976
5604 289
1128b 764
704cd 429
789¢ 334
228Be 75
14H51a 1017
92Zbec 706

S.Re = Stocking Rate

TABLE 3

Jjeans of total ocasture availeble

(Dry Matter lb/acre;

9/¢

862a

238¢

927a
424>

3640
27¢

1004a
453h

/9 20/9

919%. 1177

312be 299

1078s. 1111
280be 285
152cd 205

162 62

10142 1143

L/10

i372a
450b

1397a
3760

233b
11%b

17478

525b

18/10

1631
363

721

132

16282

o7k

1/11

2418a
111 3be

2%i8e,

722cd

14./11

3330
179

2731
911

1768
433

29/11

3478a
11814

2345be
020de

22120

587e

2659
508¢e

Symbols for pasture are the same as those in figure 1 and will be used in all tables.

Within observations means with the same letter do not differ significantly at the

5 per cent level (Duncan's Multiple range test).

14/12

523

2727

1118

2343
76L.

3097
1093
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1ts supsriority failed to reach significance. By comparison
rye grass/white clover reached lower level of avallability during
July and August and in fact was not significantly different froam
whilte clover in the latter acnth. However, from that polnt
onwerds rye grass/white clover showed a marked incrzase in dry
matter avallabllity, approximately a month earlier tnan the
cocisioot treatments, and continued to display this sugeriority
taroughout the remalnder ol the excerimental perlad. It 1s
interesting to note that the increase in the avallabllity of the
cockeioot/white clover treatm:nts appesred &> be only slightly
suserlor to and commenced about the same time as white clover.
I':e oure coc«sicet treatment was not desressed tn the
same extent as thne grass/clover pastures. This aai nt be due to
the effect oif the Nitrogen apnlled in Augusi wi:lci sustalned
i1ts resyonse up to the end of Kovewbere. ilowever, the difier-
erce batwesn dry matter avaliable un the cocxsfoot pastures and
the walte clover nastures did not reach signiilcaice at any tiae

irea Cotower to the end of the exnariment.

2) Zaasture Gro:th

lae means of the pa;ture and stocxing rate treatments
for total dry matter productlon per acre determined as outlined
in sectlon 4y are shown in Flgures 4 and 5. Analysis of variance
of the six sampling dates at vhich information was avallable on
pasture avallability are presented in Table 4. ¥here differences

were slghificant Duncan's Multiple Range test was used, the re-
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Source

Variastion

Pasture

Blooks
Stooking Rate

Pasture/
Block

Blook/
Stocking Rate
Pasture,
Stocking Rate
Error

Total

Degreoes
of
Freeiom

W \©

\Ve] W

TABLE ),

Analysis of var.ence of Total Pesture G:owth

1M/7

M.S.

107492493
100045433
1515.1C
53303475
34104.36
57085, 56
49768, 5L

9/8

YeS e
2803641
385524 Hljmm

3296673
713169
5934474
2157he 53
3999.57

4/9

M.S,

+5911.63
3757.0C
3143.2C
89C7.7:
22C6.65
935542
12139457

226218730
8518.10
21717k m
43651436
128:468.03%
25257416
20856413

3M697.00
358113.00
1780620, GO
696094114
2840.00
206231433

109759.22

25/11
MeSe

£59225,008%
151980,00u
1040402 00
68250411
1174 ,33
78757.00
35813,33
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sults belng indicated in Table 5.

Growth of pastures, in gzeaeral followed the same trend
under both stociklng rates up to tize end of Septexber. From then
on, growth of the low stocking rate pastures was substantially
greater than that of the nlgn stocked pastures, especially for
the rye grass/white clover sward. Differences reached signi-
ficance in Octover (p<0.05) and November (p<0.01). The super-
lority of the grass tne grass/clover pastures over pure clover
was also evident during the early 3pring, particularly at thae
high stociking rate. As tae season progressed rye grass/wnite
clover and pure wnite clover pastures reacied higher levels of
productlion than did the cocxsfoot pastures.

Altnough the statistical analysis indicates that the
growth of the two prass/clover pasiures were sugerlor to cocis-
foot or white clover a2lone, in October, November and December,
tnese effects were largaely couflned tu the nlgu stocxling rate
treatments and the low stocked rye grass/white clover treatment.

Posslbly the most lateresting and significant aspects
agronomically were; the delay 1a white clover response in the
Spring under high stocking rate; tae substantlal growth response
of the rye grass/white clover treatment in the Spring under low
stocking rate; the relatively poor Spring growth of the cocks-
foot treat:ents particularly at low stocking rate and the
superiority of cocksfoot/white clover over cocksfoot at the

high stocxing rate in the late Spring.



TALLE

Kg 1 ha = h12 Moans of totcl priture sowih
- . L0162
£ A / E . -
L 'd’“q ‘jiﬂ Dp - matter 1b/rore)

16

s . &~ i N o

Pastures 8ef.  M1/7 257  9/8  20/8 WS 20/9 L0 15A0 1/41 1511 25/11 1n/12

Ba /Ac L 260 138 3 17t 2945 105 6L3d  GB9 1656 1735 1248e 1852

H 185 138  2i58b 257 33> 5%  6i3%b 75, /2 L T30 14L5

Bo/Ao L 175 497 2978 25 250 26 Pika P00 %2 9™ 66%e 90
H 377 116  179be 173 227 86 4fiskc 3¢ 821 %61 602be 1016

Ao L 18, 117 170be o0 142 493 32hbed  E64 995 4205 11Me 79
520 AT 08

Be L 49¢€ (RIS 1000 123 157 302 7%3a 25 962 724 Tridb iy
H 420 104 100¢ 125 155 338 L32ake 570 562 3k L4e 720

Within observations means with the same letter do not differ significantly at the

5 per oent level (Dunocan's Mvltiple rangoe tost).
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3) t tio

The estimation of botanical composition in terms of
percentzge of specles present in the total dry matter avallable
for pastures grazed at low and high stocking rate are shown in
Table 6. The table sghows that in some of the treatments there
were conslderable changes in botanical composition during the
experimental period.

The proportion of grass and clovers in rye grass plus
white clover and cocksfoot plus white clover pastures show similar
trends. As the experiment progressed there was a slight incrsase
in the proportion of graags. This accounts fcr the higher per-
centages of grasses in the total dry matter avallable in the
high stocking rate treatuent. +while the prorortion of dead
mabtter on rye grass/whlie clover psstures did not diifer greatly
between stocking rates there were noticeable differences 1in
this comoonent between stocking rates on the cocksfoot/white
clover pastures. For example, by the end of the experimental
perlod dead matter represented as much as 20% of the avallable
herbage under low stocking but only 8% oa the high stocizing rate.
From observation there appeared to be a greater degree of
"patchiness” on the cocksfoot pastures generally. As the Spring
progressed increasing areas of tall ungrazed clumps of cocksfoot
became more and more apparent and no doubt accounted for the
high dead matter figures obtained. (Plate number 3).

Over the whole experiment high stockling rate clover

pastures had a lower pecrcentage of clover than low stocking rate.



Pasture

Ba/Ac

Bo/Ac

Be

Ao

J.Re Grass
L 7648
H 69.6
L 69
H 63
L T4e5
H 68.2
L 18.6
H 3.9
Leg. = Legume

26/5

Dead
Lege. Matter
7¢5 127
12,3 14.1
7«4 21.8
175 164
1.6 23.7
- 30.9
70.6 8.0
53¢1 10.6

0.S.

3.0
3.8

1.68

2.7

8.1

2.6

L.2

TABLE 6

Estimation of Botanical Composition in terms of percentage of species present

in the total matter available
9/8
Dead
Grass Lege Matter O0.S.
90.2 3¢5 3e7 246
8462 5e2 562 542
7649 Lok 16,7 1.8
7847 7.5 103 34
754 - 2442 -
80.8 - 19.8 -
23,8 L46.5 14.2 5¢3
17.2 7M. 362  Te7

0.S. = Other Species
The symbols used throughout these tables are the same as those used in Figure 1.

1¢/1C
Dead

Grass Lege Matter 0.S,
79.8 11 601 2.8
86 8.6 2.7 247
850&- 3.7 10-8 -
63.67 13.8 11.2 11,2
83.8 - 1642 -
9505 S l&-o“- -
12,2 79.3 0e7 7.6
3.26 63 - 4.3

29/11
Dead

Grass Lege Matter 0.S.
78.8 8e9 1065 265
86.1 58 749 -
754 3.4 20,2 0.8
86.1 5.6 802 CJ
737 - 2642 -
88.1 - 11,8 -
6k 6743 2.7 23¢9
37.6 49 962 Lo



FLATE 3

Selectlive Grazing.
Cocksfoot/white clover pasture uander low stocking rate.

(Hovemnber 1967)

i’L’:}.r;’J 4
[

Close up of white clover pasture low stocking rate
showing invasion of Mentha puligium.

(November 1967)
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Invaslon of weed grasses such as Pgg trivialig and Poa annua

was greater under high stocking rate which accounts for the
highest percentage of grasses in the total dry matter avallable.
The substantial increase in other speclies recorded under low
stocking rate whitc clover pastures were mailnly due to the
invasion of Meantha pulegium which in some paddocks reached 50%
of the total dry mztter avallable. (Plate number 4).

4)  Egtipation of Ground Cover

Point analysis wss used in an attempt tc measure the
anount of bare ground at the time of lowest pasture avallability.
The results are shown in table 7.

Under high stockirg rates the high proportion of bare
ground was most cvident, beirnz about tviece the area recorded
under low stocklng rate.

In greossecs and gresses nlus clover vastures the varl-
ation in the proportion of bare grcund within stocking rates
was small. Howvever, white clover pastures at both stocking
rates showed a substantlally nigher percentage of bare ground

(Plates aumber 5 and 6) compared with the other pastures.

W
~—

Live welzht

Changes in live weight of animals grazing the different
pastures at low and high stocking rates are shown in flgures 6
and 7.

Animals grazing at the low stocking rate followed




TABLE 7
Estimation of Percentage of around cover
determined by point analysis method

Stocking Bare Clover Dead

Pastures Rate Ground Grass Lege Stolen Weeds tter
Ba/Ac L 14 60 26 - 0.65 -

H 2 L6 17 1 1 -
Be/Ac L 10 65 19 - 0.5 0.5

H 27 58 13 1 1 -
Be L 21 75 - - - L
Ac L 36 12 37 1 4 -



FLATE &

Low stocking rate white clover pasture.
(August 1967)
PLATE 6

High stocking rate white clover pasture.
(August 1967)
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almost the same trend in live welght changes on all pastures.
Throughout the whole experiment sheep grazing white clover,
shoved the fastest growth followed by rye xrass/white clover,
cocksfoot/white clover and cocksfoot.

At high stocking rate live welght changes ware more
varlable. in thils case live weight was related to some extent
to changes 1n pasture avallabllity especlally in those animals
grazing white clover, which lost welght from July to the end of
September. (Plates 7 and 8).

Although animsls grazing cocksfoot/white clover and
cocksfoot pastures lost more weight than animals on rye grass/
vhite clover in June ard July, differences in final Ave weight
between these pastures were small.

Differences in live welgit, as indiecated by eliminating
the differences in body weight at the previous welghing by
analysis of covarience (Table 8b) showed, that adjusted live
welght of animals grazing at low stociing rate was significantly
(p<0.01) better than at high stocking rate from June to the end
of October. Frou the end of Gctober tuo the end of the experi-
ment the adjusted live welghts of sheep graszirg at the high
stocking rate were silgaificantly (p<0.01) better than on the
low stocking rate. However, thls superiority was not manifested
in all pestures from September te¢ the end of November as indi-
cated by the presence of a sigpificant interaction between
Pasture treatment and stocking rate. For example: on pure

cocksfoot, sneep graziag at high stocking rate were superilor in



PLATE 7

Anlmals grazing cocksfoot pasture.
Left, low stocking rate; right, high stocking rate.

(August 1967)
FUATE 8

Sheep grazing white clover high stocking rate.
(August 1967)



Source
of
variation

Pasture
Blook
Stocking Rate
Stockdng Rate
x Pasture
Residual

Total

Degrees
of
Freedom

123
133

25/5

M.S.

.78
195
86.88

3373

8/6

M.S.

2045
15974 =
469.86 ==

21.89

42.85

6/7

M.Se

737.91 ==
39.60
3166.68~-
20.69
51.88

TABLE 8a

Analysis of variance of live weight

7/8

M.S.

113222 ==
60,03
954751 ==
149.98
68.49

MeSo

581,497 #=
23.16
13639409 -+
363450 - -
75.08

5/10 2/11 27/11
M.S. M.S. M.Se
159.76 558.66 =  1688.501 =
95.30 193.16 5966
17142,60 =+ 15614,00 == 14738470 =
787456 =% 16.60== 2037.43 ==
95411 121,94 150,22



Source
of
variation

Pasture
Block
Stooking Rate
Stoeking Rate
x Pasture
Residual

Total

Degrees
of
Freedom

123
133

TABLE 8b

8/6

M.S,

27.05
175.78sm
186.16

19.01 mm

114962

6/7

MeSe

655,08
7753 mu
1369+96 3m
Nel172m

1579

7/8

M.S.

1590410- e
100.66 =

1223.60 e

10471 wm
914

M.3.

2C0.4 9mn
1171438
485.40m%

68+ 7 rm

1722

5/10

M.S.

297,055
185.46m
446 J4Ovem
141 ¢ 30%=
25625

sis of variance of liveweight adjusted for liveweight at the previous weighing

2/11

M.S.

327,50
225.16:m
346460
101,50

24476

27/11

M.S.

26l 569

210,007

280,70
51456
27.69
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live welgat to all low stocking rate pastures in the September=
October period and superior to cocksfoot low stocking rate until
the end of the experiment.

Cocksfoot/white clover high stocking rate had better
live welght than the low stocking rate in November.

Animals grazing white clover and perennial rye grass/
white clover at low stocking rate had better live welght during
the whole experiment as compared with the same pastures at high
stocking rate except in November. (Table 9b).

It 1s interesting to note that the final 1live weight
of animals grazing pure cocksfoot under low stocking rate had
the same live welght of animals on pure cocksfoot at hign stock-

ing rate.

6) o rowth

Wool growth was assessed in terms of greasy wool
welght 1rom midside patches and welght per unit area over two
sampling periods. The first, from the 7th of July (1967) to
the 7ta of September and the second from the 7th of September to
the 26th of November, Wool growth per unit area (gr/cm2) for
both perlods are shown in figure 84,

Total wool growth for both periods as assessed by the
total welght of wool removed from the patch and weight per unit
area (adjusted for initlal welght) was greater on animals grazing
white clover and grasses/white clover as compared with pure

cocksfoot pasture.




Estimates of effect of factors on unadjusted

TABLE 9a

25/5

General Mean 63.97

Ba/Ac .10
Bc/Ac -.20
Ac =04
Bc 14

High StoeXing -1
Rate

Ba/Ac x 17
Stocldng Rate

Be/Ac x -e23
Stocking Rate

Ac x -.06
Stocking Rate

Be x 12
Stookdng Rate

8/6€

75484

« 70

-1obo

o3k

«36

-1 .88

97

=55

<38

-080

6/7

7951

2.12

-2.91

5¢57

-Lo78

-4088

«57

-.90

-el1

o7k

7/8

78.08

3+65

-3.07

6.10

-6068

=-8.47

«28

.06

-2.78

2444

live weight

7/9

84e33

377

-1.11

2e9

-5060

~10.13

<82

092

=472

2.98

5/10

90.05

2493

-070

«18

-2.&1

-11035

-e9

1.10

‘6003

587

2/11

102.32

2.63

-<96

3483

=550

-10.84

-2.16

1.69

=794

8e41

27/11

110.18

Lel0
=110

655

-9085

-9039

-3.53

317

-8493

9.29

Stocking rate and pasture x stocking rate are shown as effects of high stocking

only. Low effect is of the same magnitude but + or - signs reversed.



TABLE

effects of factors on adjusted live weight

Estimates of
8/6
General Hean 75.22
Ba/Ac .61
Be/Ac -.89
Ac .38
BC -.10

High Stocking
Rate

Ba/Ac x
Stocking Rate

Be/Ac x
Stocking Rate

Ac x
Stocking Rate

Be x
Stocking Rate

=1.11

.&

ol

-e92

6/7

78+ 6L

=193

5¢26

-lq-o 81

'3015

-.52

‘OLJ

=75

1.48

7/8

77.81

«G6

«12

"'1 056

'3025

1.03

-2035

1.65

7/9

83.80

o4

-2.66
oS

=2433

«56

87

-2.16

o73

5/10

-071

«38

"2067

300

-1.57

-1 0714-

22

=1.47

2.99

2/11

101.18

‘037

“022

3.67

-3.06

<65

-1 021

«59

-1.84

246

27/11

108.25

1.72

-e12

2.64
-he2l.

-1.32

-84

«72

Stoaking rate and pasture x stocking rate are shown as effects of high stocking

onlys Low effect iz of the same magnitude but + or - signs reversed,
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Animals grzazing cocksfoot pastures with and without
clover had a lower wool growth rate during the first period under
both stocking rates as compared with perennial rye grass/white
clover and white clover 2sstures. During the second perilod
bath cocxsfoot pastures urder hich stockliny rate were suverlor
to rye grass/white clover and white clover dastures.

Sicep at the low stocitlng rates zrew sipgnificantly more
#0.01) wool as compared with those grazing st the high stocklag
rate, in beth periods, 2s is shown in vne analysis ol varlaunce
and covarieance in Tables 10a =2ud 10D, This effect was evident
for =211 pastures treatments exce;jt for vure cocksfoot pastare in
the second period, where differences were small as is shown in
table of effect of factors (unadjusted and adjusted) on wool
gruwtn in Tables 11a and 11b,

Dirferences in sreasy ficzce weizlit tested by the
aiulysls ot covariance correculnz for wvelgni per unit area at
the beglaning of the experiment aire presented in Table nuaber
12 and Jigure 3b. The results showed that the fleece weight of
aninals grazing a2t low stockling rate were significantly superior
(p<0.01) to those at high stocking rate, although differences
between aniumals grazing cockstoot pasture at low and high stocking
rate were very small.

Ulrferences in fleece weight between pasture type
were small at high stocking rate. At low stocking rate the
fleece welght of animals grazing perennlal rye grass/white clover

cockcfoot/white clover and white clover were consistently



Weight of wool

Source Degrees
of of

variance Preedom
Pasture 3
Block 3
Stocldng Rate 1
Pasture x 3

Stocking Rate

Error 123
Total 133

TABLE 10a

;An_alpgg of variance of

le and VWeight

Wool wt. pexr sample

8/6 7/9
M.S. M.S.

3745 308e47mm
29.37 103.962ex

02 1 0560409”
5055 hﬂthI
28.19 11.41
TABLE 10b

26/11

M.Se

27.24
1ol
369+18mm
13600l

13032

Unit area

Wool wt. per unit area
8/6 7/9 26/11

“.s. M.S' u.s.

«0058 024 um 0055mm
<0019 «0051sm 0011
.000, 07513m +01663m
0014 00228 005k gmm
«0024 «0007 «0008

Analysis of covarianee of weight of wool per sample and weight per unit area

adjusted for weight at the first sample

Source Degrees
of of

variance Freedam
Pasture 3
Block 3
Stocking Rate 1
Pasture x 3

Stoaking Rate

Errar 123

Total 133

Wool wt. per sample

7/9
M.S.

256+ 2Que
98, Blam
1155025
Slte 6 am
8+23

26/11

N.S.

170 .49
131 ..5Qem
78945
131 .06
10.56

Wool wte. per unit area
7/9 26/11

MeSe M.S.

010y <0205
00053 0057 ym
032Qy 0797 pm
005y 00174
0007 0005



General Mean

Ba/Ac
Be/Ac
Ac

Be
Stocking rate

Bae/Ac x
Stocking Rate
Be/Ac x
Stocking rate
Ac x

Stocking rate
Be x
Stoeldng rate

TABLE 11a

Estimate of effect of factors on unadjusted wool growth

Vool weight sample Weight per unit area
(er (ex/em)
1st sample 2nd sample 3rd ssmple 4st sample 2nd sample -rd sample

8/6 7/9 26/14 8/6 7/9 26/11
246229 12,79 15.285 261 «127 o134
.939 2‘1 53 0555 0016 0017 .000
"010-77 -1 .361 957 0001 00009 .017
838 2,915 -.883 000 027 =014
-1 om "30707 -0629 -0017 -0035 -‘w3
-0012 -2.819 -1 0666 0002 -.O?Io- -0011
.589 »988 383 002 006 000
-+190 =661 643 -+003 -e011 «004
CO0 278 -1 0226 -20876 -.007 -001 ‘0017
"01 21 0899 1 08101} .008 0006 .01 5

Stocking rate and pasture x stocking rate are shown as effects of high stocking

rate only.

Low effects are of the same magnitude but + or = signs reversed.



TABLE 11b

Estimates of effect of factors on adjusted wool growth

Wool weight sample Weight per unit area
(er (er/cm)
7/9 26/11 7/9 26/11
General lMean 12,817 15308 o127 o134
BB./AC 1 08314- .257 001 3 -.004
Be/Ae =1.200 1.108 -.009 017
Ac 24631 =1.149 027 =014
BC -3. 265 -0217 °0051 0001
Stocidng rate =2.,815 =1.663 -2024 =012
Ba/Ac- p 0788 0196 0006 -0
Stocking rate
Be/Ac x -<597 . 708 -.010 .006
Stocking rate
Ac x =16132 =2.787 +000 =.016
Stoclkdng rate
Be x 0920-1 1 0883 .OOb. «011

Stocking rate

Stocking rate and pasture x stocking rate are shown as effects of high stocking

only. Low effects are of the same magnitude but + or - signs reversed.
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superior to pure cocksfoot pasture as is shown in Table 13 of

estimates effects of factors on fleece welght.

7)  Hool length Growth Rate

BEstimation of monthly variation in wool length growth
from measurement between dye bands of animals grazing at high
and low stocking rate are snown in figures 9 and 10.

Wool length growth follows the classical seasonal
curve of wool growth under both stocking rates. The minimum
rate of growth occurred in July-August for all treatments except
those high stocking rate animals grazing white clover pasture.
For these animals the minimum was in September-October.

wool length growth rate on animals grazing at the low
stocking rate was superior to those grazirg at high stocking
rate during the June-e¢arly Kovember period. During November
differences were minimized and in the case of the pure stand of
cocksfoot pasture better growth was attained at high stocking
rate,

Low stocking rate animals grazing the white clover
pasture and the grass/clover pastures showed better rate of
wool growth throughout the whole experiment as compared with
those animals on the pure cocksfoot stand. Under high stocking
rate this pattern of wool growth occurs only in June and end of
November. As the season progressed wool growth of animals
grazing grasses with and without clover became superior to

wvhite clover, the differences being greater in October.



Analysis of covariance of fleece weight adjusted
for initial weight per unit area

vource Degreos Hean
of of

variation I'raedon Jguares
Jastures b) 9089 »*
Blocizs 3 703,
Btocldng Rate 1 120433 «
Pastwre x
Stoclding Rete 3 527
Frror 123, 24h

Totel 134



TABLE 13
Estimates of effect of factors on adjusted fleece veight

General Mean 9.372
Ta/ac .339
“c/Ac -.011
Ac .21°
Stocking rate -.23]
fa/Ac x -.207
Stheking rate

Rc/Ac x -.144
Stocking rate

Ac x -.2FF
Stocking rate

Be » R

dtocking rate

Stockine rat- and pasture x s*scking rate are shorn as effects
nf high stocking onlv. Lo effects are of the same magnitude

but + or - signs reversed.
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An interesting aspect is that the wool length zZrowth rate of
sheep grazing perennial rye grass/white clover pasture at the
low stocking rate was always superior to that of the cocksfoot
and clover and cocksfoot alone. However, at the high stocking
rate the cocksfoot pastures were superior froa late September to
mid=-November. This superlority of cocksfoot became minimal

by the end of November.

8) i narac tic

There was no significant difference in gquality
number, character, soundness, midside colour and midside cotting
between pastures types. However, stocxing rate had a marxed
effect upon all wool characteristics excevt for quality nuambver,
as 18 shown 1n analysis of variance in Tablaz 14, Table of
estimate of effect of factors on wool characteristics are pre-
sented in Table 15. For character, soundness and midside colour,
differences reached a highly significant level (P<0.01) but for
midside cotting differences were less significant (P<0.05).

Cnaracter, soundness and cotting were better on those
animals grazing at the low stocking rate, while midside colour
was better at the high stocking rate.

Stocking rate and pastures had significant (P<0.01)
eftects upon fleece colour. Discolouration of fleece was less
on animels grazing at high stocking rate.

The area of fleece showing cotting was worse on animals



Source
of
varience

Pasture
Block
Stocidng Rate
Pasture x
3tocldng rate
Error

Total

TAULE 14

Analvsis of variance of ~ool cheiscteristics

Midside Semple

Dagrees Guality Chorecter- Scundness Colour Cotting
Frggdom Number
el a KeSe HeSo Miedo NS,
3 o5 «26 Celt Tl ol
3 Led2x {15 176 175 .23 %
1 1425 3T % 65e1U%E  Bel3%% 3453 %
3 Lot/ » 5l s ) o3
12 1.32 61 5620 95 6

134

Plecce
Cclour Cotted

areea
M.Se MaSe
2.74% AN



TABLE 15

Estimates of effects of factors on ool characteristics

General Feon

Ba/Ac
Be/Ac
Ae

Be

Stocking rate

Ba/Ac x
Stocking rnte
Be/Ac x
Sthcking rate
Ac x

Stocking rate
Be x

Stocking rate

Quality

Number

43,22

13
-.04
.08
=17

.09

-56
-.23
- 17

—.16

Midside Sample Fleece

Cotted
Character Soundness Colour Cotting Colour Area

4.%% £.7% €.59 5.21 6.1% 6.13
.06 .09 .10 .10 .35 .23
—002 —-17 -025 .0? -017 -:00
.08 032 021 -006 .12 -.11
--“2 "'?4 —-06 - 06 hast ] -.12
-026 -.69 .?5 -.16 .14 -005
¢13 061 _011 .10 .?’ -63
- 17 --42 o?1 -;17 .00 -042
-.00 012 -032 —005 -008 -0,2
905 -.31 0?2 .12 -.19 --19

Stocking rate and pasture x stocking rate are eho»n as effects of high stocking

rate only.

reversed.

Low stocking effects are of the same meagnitude but + or - signs
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grazing white clover, cocksfoot/white clover and cocksfoot
pasture at high stocking rate. This effect of stocking rate
in cotted area was not shown in perennial rye grass/white clover

where hilgher scores were obtalned at the high stocking rate.
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V. DISCUSSION

Total and seasonal production of dry matter from the
different pastures followed the same trend for all pasture types
at both stocxing rates, with minimum production in +“inter and
maximum production towards the end of Spring. Under low stock-
ing rate grasses with and without clover were sunerior to pure
wihite clover throughout the whole exgerliment. These results
are in agreement with those of Sears (1953) and Brougham (1955).

Significant differences between ;;rasses, with and
without clover occurred 1n July and November. [n July the pure
cocksfoot pasture was su.erlor to rye grass/white clover and
cocksfoot/white clover. Thls might be due to the effect of the
nitrogen apulled to the pure cocksfoot ovasture 1in ifay and the
low nitrogen fixatlion on the mixed pastures at this time of the
year (Giobson 1963). Rye grass/white clover were suuserinr to
cocksfoot pastures 1n Nove:ber. This superiority disvlayed by
the rye srass/white clover pastures, which started early 1in the
season way be attributed to the differences in tiller rumber
and growth of rye grass, as compared with cocksfoot (sZitchell
1956). Furthermore, as the season progressed, and pasture
production increased, a marked pattern of patch-grazing was
noticeable in all pastures. This characteristic was most
evident on the cocksfoot pastures, where only 30% (approximately)
of the plots was grazed. Visual assessment of the ungrazed

patches, showed an accumulation of senescent and dead material



to a greater extent 1n the cocksfoot pastures than in the rye
grass/whlte clover pastures. This accumulation of senescent
and dead material might have been responsible for the low growth
of the cocksioot pastures (Mitchell, 1954; Hunt and Brougnam,
1957) towards the end of the experiment.

Tne nitrogen fertilizer apolied to tune pure cocxsfoot
pasture in August in order to msintaln a pure stand, appeared
to match the nltrogen contrivutior from the clover on the
cocksfoot/white clover sasture =nd therebhy resulted in a similar
pattern of growth up tc the beginning of ovember. Thereaiter
the nrovortion of clover in the cseitsioct/white clover juctures
tended to decresse, due presumally to sclective razing and
competition for lilzht. As o resunlt the nlitrogen contriobuticn
Iroa the legume prebaply declined 2cd lead, =s re2corded, to a
lewer avallabillity of pz-ture tounmrds the ewnd of the »eriod
compered with tne Lure cseisoot stand recelvin;; nitrogen. This
poorer -rowti rate of tne cocksifoot/white clover pasture and the
nigher growth rate of pure wnite clover pastures at t:e end of
tie trial probably explalns the non signlficant differernce re-
corded cetween tiiese two pasture types.

Under high stocikling rate, dry matter nroduction of the
different pastures was much more variable than under low stocking
rate. This obviously reflected the differing ability of these
pastures specles to withstand the high grezing pressure, For
example grasses with and without clover were significantly

superior to white clover during Winter (June-September) except
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for rye grass/whlte clcver in Auqust.  Apparently white clover
alcone was unatle to witnstand the total environmental impact

and virtuzlly "collzpsed® as a viable pasture. Although rye
grass/white clover pssture showed a better srowth from June
onwards, ccciafoot pastures arneacred to be less derressed in
teres of dry naeitter avallable up to the end of Auzust. Inis
w2y be attrinuted to the hizsk nercentage of dead matter rsresent
in the totel dry matter or the cocksfoot nastures (Table 6).
From 3eoLedber to the end of the experirert the rye zrass/vhite
clover treatment, under hoth st-ckins rates chowed sreater uro-
ductlson thasn the cocksfoot pastures. Un tne other aand altnough
eycasfoct uantures sturted to orow esarllier than tihe white clover

-~
2o

o]

ture, tnev did not maintaln thelr sucerlsrity over the whlte
clover to thg same cextent as ir the wiater feriod. Ihls hilcher
Zeauvtn rate of white clover, in late Surin:: and early Suwamer,
comprred with the zrasses, 19 urohably due to the bhetter toxurerse
tur: condltions “or waolte clover grawth at thils tine and hatter
atliilsatian of light enersy wharn gomprred wit: the soorly=-
<razed siend of cockafoot contalalng excesslve dead and senescent
iierbage.

Jdnder hlzh stocklng rate tae effect of artificial
aitrogen on the cocksfoot treatment was not as evident as in
low stocking rate, e¢speclally from October to the end of the
experizent, when compared with the growth of the cocksfoot/white
clover pasturse. Thie might be due to the effect a{ the high

grazing pressure, which in cockasfoot/white clover diminished the



coapetition for 1light between cocksfoot and clover and hence
allowed better growth 5f the clover wilth higher nitrogen fixation.

The effact of stockling rate on prasture production was
observed in both pasture avallabliliiy and pasture growth. The
signl flcant difference in totsl dry matter avallable 1n favour
of low stocking rate 13 slwmoly a reflectisn of differences 1ln
grazlng 'ressure between the tuc grouns. I the case of white
clover, the uncr signltficant difference betiueen stocking rate
during the 3entember Getober perlod 1s consldered to be due o
two possibllitles. Elther the prodictlvity of whlte clover,
shortly after the Winter stress, was hordly sufficlent to neet
the desrnds of the arlmals even at the low stacking rate (6
sheen/acre) or there was a temverary chec: to whilte clover
cro~th caused hy the apnlication of weed Killer 1n early Awjust
narticularly at the low stosking rate, where clover was lLeafler
than in hlzh stocking rate. The effect of stockdng rate con
pasture growth was more notlceable during Spring, where low
stocklng rate pasture had better zrowrth,. ™is effect was most
evideat on rye grass/wilse clover and pure wnite claver pasture.

There w28 a marxed variation in live weizht response
to the differcent pnHastures. This varlation became greater as
tie trial osrogressed.

The analysis of varlance showed that animals grazing
white clover pastures reached a greater live welght than animals
grazing the other pastures, followed by rye grass/white clover,

cockafoot/white clover and cocksfoot. This superiority of
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white clover pastures aver zZrasgszes p2lus clover and pure grass
has been demoustrated hefcre (Rae gt al., 1963; Hight and
Sineclair, 1365; 4llson, 1966; Gallagher gt 3l., 1966).
Ttiese results a2re more evideat in animals jrazing at low stock-
ing rate, where pasture avallabllity was not a llwitiasgy factor
at any tilme nf the experimaental neriond.

2as3ihie mechanisna wwhlch mav be iavolved in tue
hQlgher live welght galin of sheep grazlayg drmiaant white clover
or @ixed .rass-wnlte clover than taose razing pure grasses
were suggeated hy Johss gt 21, (1263), Bailer (12564), Ulyatt,
(1964) 20d Joyce and Newth (1967). It h=2s been ca.g2sted tuat
tie adgaer nutritive val:ze of ~hite clovar 1n corntrast to :rasses
cauld ke ex.lalred Lty an effz2ct ~a veluctary intaze, assocloated
1t% 2aanees in feraentatlrn rate, carbonydrate content, and the
utillsatizn -f ritrogen z2nd volatlle fatty =clds. Hiher food
intskes 2n _rase »Hlus clover pasiures taan on ~rass only pastures
vas found by Gelmes (1966) and Grimes et al. (1966) ra2oorted
a2t thie uigher iatake, whlch »Jromotes hilsher 1llve welgnt galn,
yins associated witn Llgher crude .rotein a2nd lower cellulose
contents. Under high stocking rate, seasonal changes in live
welsht wvere g reater due wmalnly to larze losses during wWinter
when pasture avallablllty wes low. However, losses in live
welsht were not always closely related with total pasture
avallability.

A Letter relationsilp of live welzht to green pasture

available than to tdal pasture avallable was found by Willoughby
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(1953). Altacugh tnese relationsialps were uol deteralned iu
tiils experiwent 1t is lizely lhat the amount of green pasture
present was tie cause ui the lousses in live welght by aniumals
girazlng cucksiuot pastures us compared sita rye grass/wilte
clover duriuy July saugust period. Socasloot pastures durling
tols perlond, h2ad a greater peccentuaxe ol dead matter in the
total dry wattexr avalladle as coupsred vwith rye orass/viiite
clover pasture. This effect was more noticeable in the pure
cocksicot .asture which contained 304 of dead wuatter in ihe
total dry mstter avallzble, ir the ezrly pert ol the experiment.

The fzet that aunl nlas grazivg vhite clover pastures
uuder Lizh stucxing rste did not start to saln velghit untll
Cctover, ~e=2nt thk3it thece 2rinals shcied 1liivter iiral live
velsht, Ir this czse chi:rges 1u 1ive velght :zl. were morxe
clearly related tc pasture =v=lizbillty.

rfrun June to Heverber differerces in llve eigsht
galin betrcecenr stocxing rzte were lr favour of cheep grazing at
low stociting rate iv 211 pocturcs exceut for pure cocksfoot.

On cociksicet the iz stocceking rate vwas su.crlor frem September
onwards.

During thils period great differences lrv pasture avalla-
bility occur. (Plates 9 and 10). It has been suggested
(Arnold, 1964) that as the amount of herbage on offer decreased,
grazing tlme and energy expended on grazing probably increased

80 that although intake might be maintained or increased, the

maintenance requirement of the animals 1ircreased. These



FLATE 9

View of two high stuciklng rate Lreatuments.
Left, white elover; rilauht, cocisfoot.

(Auzust 1967)

PLATE 10

View of cocksioot pusiures.
Left, low stocking rate; right, hligh stocking rate.

(August 1967)
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effects might be more evident in Winter and may be the causes
of difference 1n live welght.

As the season progressed, an increase of senescent
and dead material was noticeable on the low stocking rate paddocks
especlally in the cocksfoot pasture. 014 and dead material
has been assoclated with a decline in nutritive value (Walte,
Johnston and Armstrong, 1964; Heanay, Pigden, Pritchard, 1966)
and may limit voluntary intake (Arnold, 1962). On the other
hand under high stocking rate the heavy grazing pressure over
the pasture, maintained the pasture in green and leafy condition
which has been assoclated with high nutritive value (Raymond,
1959; Reld, 1959) and increased voluntary intake. This might
account for the superiority in live welght gain of the animals
grazing cocksfoot from September onwards which meant that final
1ive welghts were almost the same as those at low stocking rate.
The same trend occurred in cocksfoot/white clover pastures from
the end of October and for rye grass/white clover pastures by
the end of November but to a lesser extent than in pure cocks-
foot pastures.

Total greasy wool growth ranked in the same order as
final 1ive weight under low stocking rate. Under high stocking
rate differences in final live welght of animals grazing grasses
and grass - clover pastures were small and the ranking of wool
growth and live welght differed. This may be expected in view
of the observations of Williams and Schinckel (1962) that live

welght and wool growth do not respond at the same rate to change
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in the nutritional status.

Sheep grazing pure white clover, rye grass/white clover
and cocksfoot/white clover pastures grew significantly (P 0.01)
more wool than those animals grazing pure cocksfoot. These
differences were not evident at high stocking rate. Similar
results were also found by Gallagher et al. (1966) when pasture
avallability was not a 1limiting factor.

Wool production was significantly greater (P 0.01) at
the low stocking rate. The differences might be attributed to
differences in pasture avallability. This effect was more
evident in the white clover pasture.

Seasonal varlation in wool growth as measured by
greasy welght of the midside sample were less on animals grazing
at low stocking rate. This agrees wlth results of Sumner
(1969).

Seasonal varlatlion in wool growth on animals grazing
at low stocking rate vary between pasture types. Variation
in seasonal wool growth may arise from variation in the amount
of food eaten, the nutritive value of the food and digestive
and absorptive efficlency (Schinckel, 1960). HcFarlane (1965)
found a relation between seasonal wool growth and avallable
green feed. In the present experiment, it 1s considered unlikely
that green pasture avallability resulting in limited intake was
a factor in causing differences in the seasonal variation in
wool growth between pastures at low stocking rate. However

it 1s possible that differences in digestibility between pastures
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might be preseat. Thus cocksfoot pastures have been found
(Kingsbury, 1965) to have poorer digestibility than rye grass
especlally during Winter. This may account for a reduction in
voluntary intake (Blaxter et gl. 1961) of animals grazing these
pastures. Joyce and Newth (1967) on the other hand found that
sheep fed with white clover ate 34% more crude protein and gross
energy than sheep fed with perennial rye grass. Wool production
was greater in animals fed with white clover as compared with
thosz2 fed with perennial rye grass.

Differences 1n seasonal wool growth between cocksfoot
pastures, with and without clover, may be attributed to the
presence of clover in the cocksfoot/wnite clover pasture.

At the hign stocxing rate season=al fluctuation was
greater where sheep were subjected to extremes of good and
poor nutrition 1.e. for sheep grazing white clover pastures.

Although the differences in length growth measured by
the dye-banding technique were simllar to results detcrmined by
welght of wool, the accuracy of this technique is limited.

The dye did not have the same effect in all types of
wool. In general the coarser wools did not stain well which
made them very difficult to measure. The differences in fibre
growth rate within the staple, and differences in crimp between
sheep meant that measurements were difficult to compare. For
these reasons the results were not statistically analysed.
However with finer wools, particularly when differences in

quality number between animals are not great this technique
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eould be useful as is shown in plates 11 and 12.

Stocking rate was the main effect on wool character-
istics. The differences in soundness in favour of low stocking
rate fleeces may be attributed to differences in nutrition in
the Winter period which reduced fibre diameter (Coop, 1953;
Arnold gt al., 1964; Sumner, 1969).

The high stocking rate did not affect midside cotting
to the same extent as 1t did the other characters. Differences
in scores for the cotted area between high and low stocking
rate fleeces did not reach significance. This lack of signi-
ficance can be attributed to the better scores obtalned on
animals grazing rye grass/white clover at high stccking rate.
This would also explaln the signlficant pasture and stocking
rate interaction.

The better scores for colour at the high stocking
rate are probably attributable to the length of the pastures
wetting the fleeces.

The highly significant depressing effect of the high
stocking rate on character 1s surprising since this 1s usually
considered to be a characteristic largely determined by "here-
ditary" factors.

The significant bleck effect on quality number defles
explanation and is probably the result of an accident in

randomisation.



3 month wool growth.
Animal grazing cocksfoot high stocking rate.

(September 1967)
PLALE 12

3 month wool growth.
Animal grazing whilte clover high stocking rate.

(september 1967)




VL. SUAMARY

In a randoaised blocx experiment witia four blocks,
rye grass/wihlte clover, cocxafoot/whlte clsver, coc.sfuot and
white cluver pastures grazed abt two stoc<luy rates (low = O
shneep/acre and high - 13.35 sueep/acre) .ore coupared in Lerus
oI Jasture avallavility, pasture growii cud caasnges ia botanlcal
comyosition. The live :ieizht gailrn and wool sroductlon of

Roaney hoguets _razlng these pastures was also measured.

Pasture Lroduction, ncasuied 2 Jzoture avallability
and growth, of grassses ith znd ~ithosut clover was significantly

(9]
)
Q

(p<D.05) sreater tiwan pure vwhilte ;ver under the low stocking
rate exceslt fur cocisioot/.nite clover pusture 2t the end of
Soring. Under nigh stochking rate differences osver vhlite clover

1

were sigalilcant (p<J.03) curluag the inter perisd and only
rye grass/wnite clover was superlor tos vhite clover towards the
end 0 SHringe

Coc..s8foot pastures prcduced siightly more than rye
grass/wWnite clover during the siater period and rye grass/white
clover was superior to the coc.sfoot pasture during Spring under
both staocsing rates.

Total pasture production was siznificaztly (p<0.01)
higher under low stocklng rate for 2l1ll pastures except for white
clover pastures over the September-October reriod.

The grass coaponert of the mixed pastures increased

progressively through the axperimental perilod. Dead matter
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accumulation was conslderable under low stocked cocksfoot/
white clover 2nd cocksfoot paztures while it rexzained at a
lower level for other pasture types 1lrrespective of stocxing
rate. Invasion by weeds was highest in clover pastures
especlally under high stoacking rate.

Live velght galir and wosl productlon »f animals grazing
at the low stockiag rate were greater in those onlmels grazing
white clover followed by rye grass/wulte clover, coc«<sfoot/white
clover and cac:sfoiot. Under high stoe zing rate, vasture effects
on animnal productlon were closely related t5 Hnsture avallability.

Live +elgsht growth and woonl »nroductlsn ere signifi-
cantly (p<0.01) greater in anlmals zrazing =t the low stocking
rate, for 21l ».sture treatment except for nuare coHciksioot
pactures vhere dififerences in final live wel_ht and totnal wool
production were small.

Aninals grazing pure cocksfoot pastures under high
stocking rate had better live welght zalns from early Spring
tovards the end of the experiment, as coupared with animals
grazing cocuksfoot at 1oy stocsing rate. Sheep grazing cocksfoot/
whilte clover pastures under high stocking rates had better live
welzht galn from October to» the end 2f the experiment.

Seasonal variations irn wool growth were more marked
on animals grazing at the high stockiling rate. Seasonal varlatilons
in wool growth on animals grazing at low stocking rate, were
less in the white clover and rye grass/white clcver pastures

as compared with cocksfoot/white clover and cocksfoot pastures.
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The fleeces from sheep :rezing at low stockilng rate
shoved le=st tenderness and cottlng than those irom sheep at
a high stockling rate. The colour hovwever on the ileeces from
sheep at hig~ stocking rate was better than those from the low
stocking rate. The effect of pasture treatments cn these

characteristics of the fleece was negligible.
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