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I. INTRODUCTION 

Agriculture in New Zealand as in other temperate 

regions of the World is dependent on the utilisation of pastures 

by the grazing animal. Species such as perennial rye grass 

(�lum perenne L.) cocksfoot {Dactylis glomerata L.) and 

white clover (Trifolium repgns L.) together , r epre sent a large 

proportion of the feed available to sheep on the more improved 

pasture land of New Zealand. Considerable research has been 

done on the selccti�n, establishment, and the productivity of 

these species for livestock. But this research has been pre-

domin:mtly conc erned 1<1i th pastures or vJith livest�ck as separate 

entities. Only occasionally have these t1m entities been 

studied in �ssocia tion. 

In General, pasture species have been extensively 

evaluat ed in terms of their dry matter ylelri and bo tanical 

characte!'isti0S unde.::- dlffe::ent systems of cutting but com­

pa!"n.tively fe�.; pastures tria ls have been repo.rted in '�hich the 

evaluation has bean made in terms of animal products. 

Higher growth rate s of young sheep grazing white 

clover d omin ant pastures or grasses plus clover pastures as 

compared ldth pure grasses pastures were reported in New Zealand 

(Rae, Brougham, Glenday and Butler, 1963; Rae, Brougham and 

Barton, 1964; McLean, Thomson, Jagusch and Lawson, 1965; Bight 

and Sinclair, 1965, 1967) and in Australia (Gallagher, Watkin 

and Grimes, 1966; Wilson, 1966). Also differences were found 
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in the growth rates of sheep grazing different types of grasses 

{ Hae � �. 1964, McLean � !!, 1965; Gallagher J1 �. 1966). 

Increasing levels o f  wool production were observed 

o n  a Phalar�s tuberosa/subterranean clover pasture compared with 

an annual grass/subterranean clover pasture { Arnold and Mc Manus, 

1960) and on grass plus clover compared with grass pastures 

(Gallagher � J!, 1966) when compared at the same stocking rate. 

The ef fects of sto cking rates under different manage ­

ment sys tems upon animal production have been also analysed in 

studies published in New Zealand, Australia and England. The 

results showed that as stocking rates increased, pro duc tio n of 

me at and wo ol per head declined, but the produc tion of both per 

acre rose. However these experiments have predominantly been 

confined to one pasture type. 

There are few comparisons of the effec t s  o f  different 

pasture species and mixtures on animal production under high 

and low stocking rates. 

The experiment described in this thesis is an at tempt 

to obtain preliminary information upon: 

1) The effec t o f  two st o cking rates (6 and 1 3t sheep 

per acre ) on pasture production and botanical composition o f  

di�ferent type s o f  pastures . 

2 )  The e ffec t  of  different types o f  pastures grazed at 

two sto cking rates on she e p  pro duction . 



tor clarity of presentation it h�s been considered 

�referable to review �revio�s studies of this and rel��ed to�lcs 

in two main sectlvns. Studies relatin� to the Jr1nc1Jal en-

viroru.tental f'lC ors which influence wool and bJd.Y �r:Jwth will 

be ol.ltlined under t.ne general uead.ing ?i' Animal &:rqdu�tiou. 

Studies relatlne: to t'1e ei1ects .)f stoc.i:.illi:, rates 

fuld the .;.raziu,.; a.nL�1al on the J ield and bot. nical comeo si t.l')H :J f 

the svaird 'rtill be revieKed l.lnder the r5t:r1er3.l neading of +a:·r\iure 

c'.t:.lduc tiqn. 



A. Alli IMAL PltODtTOT ION 
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1 )  Seasonal variation in Wgol Growth 

Annual cyclic changes in the rate of l·rool growth have 

been observed by many Horkers in a variety of sheep breeds. 

One of the first reports in �1ich differences in 

gro"t·;th during the year were mentioned, rras that of Rohde ( 1857) 

in Germany. Other -.,.;orkers (e.g. Burns, 1931a; t93 1 b; 

Duerden and :'1are, 1931 ) reported ma.cked differences in wool 

gro"rth bet-:een Summer and Winter, growt 1 beinc; greater in 

Sum':ler. Ho'7ever, the interpretation of these experiments is 

difficult since the effects of seasDn and nutriti0n were con­

founded. 

Ferguson, Carter and Hardy ( 1 949 ) using Camden �ark 

Me�ino and Cnrriedale ewes, were the first to demonstrate that 

seasonal variation in wool growth may occur under constant 

nutri ti0n. A. sen.son�l rhythm of �-mol gro1vth has since been 

found in many other breeds, v1han animals are fed on a constant 

ration 0r to constant body weight. (Ooop, 1953; Wodzicka­

Tomaszewsl-:a, 1960; Morr1 s, 1961; llennett, Hutchinson and 

wodzicka-T0maszewska, 1962; Hart, Bennett, Hutchinson and 

Wodzicka-To:c.asze1·:ska, 1963). 

The amplitude of the wool growth cycle may vary 

between breeds. Ferguson � §1. (1949) found that in Oorrie­

dale ewes the maximum Summer growth rate exceeded the Winter 

minimum by about 23% and in Oamden Merino 44%. On the other 
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hand, littl e variation in wool growth has been found in Peppin 

medium-wool Merino and Tasmanian fine-�rool Merino ewes. 

(Hutchinson and Wodzicka, 196 1; Willia.IJJs, 1964). 

Slee and Carter (196 1) found a much greater seasonal 

difference with the Wiltshire Horn than the Merino, when both 

were kept in sLmilar environments and on an adequate plane of 

nutrition. 

These cyc lic changes in wool growth rate have been 

observed to be affected by nutrition, climatic factors and 

physiological state (pregnancy, lac tation, disease, etc.) The 

latter aspects will not be dealt with in this review since they 

have little relation to the present experiment. 

a) Seasona1 yariation in wpol grouth of grazing animals. 

In the grazing sheep the rhythm of \-JOol growth appears 

to be greatly influenced by the amount and quality of feed 

avai lable. It is well known that pasture growth rates vary 

considerably throughout the year as does the quality and herbage 

available 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 Oorriedale 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 rh.Tthm of wool growth was not prevented by provision 



of a submaintenance diet during Sammer and a super-maintenance 

diet during Winter. 

Higher wool production in Spring and a substan.tial 

fall during December and January were found in Australia by 

Hutchinson and Porter (1958) , Arnold and McManu s (1960) , 

Stewart, Moir and Schinckel (1961) , Sharkey, Dnv1s and Kenney 

( 1962), i•lc.Farlane ( 1965) in grazing sheep under different 

environment. 
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Willoughby ( 1959), Arno ld and Mcl-tanus ( 1960), McManus , 

Arnold and Paynter (1964) and Mcfarlane (1965) found two peaks 

of �·mol growth, one 1n the late Spring and one ln the early 

Autumn Hith lnterven1n3 troughs in Summer and ln 'iinter. Both 

pea;cs in lrool grovTth generally reached the saiJ.e level, as did 

the two trou ghs . 

Roe, Southco tt and Turner (1959) on the other hand 

observed a lou level of wuol gro;.;th in August �-rhich re ached a 

peak in January/February and sho•,:ed a general decline thereafter. 

In all these experiments a close relationship between available 

green forage and �"ool grovith has been .found. From this Roe 

i1 �· (1959) , Willoughby (1959) and McFarlane (1965) have 

suggested that changes in vro ol growth are more related to green 

forage rather than total forage available. McManus .!1. �. 

( 1964) observed that this change tias as so cia ted v.-1 th the di-

gestibility of the pasture. Reduction in wool growth in 

�er was �ssociated with a low digestible organic matter intake. 

Difference betlreen breeds in wool growth respon s to annual 



nutrition cycle was reported by Doney (1966). rle compared 

Cheviot, Merino x Cheviot cross sheep fed at similar levels . 

The rotion wns prnvldod in Lhree w�Js; sl�ulatlon of the 

natural icl take cycle, reversed 1n t�� ..... e C,/Cle or >J.S a constant 

daily ration. Seasonal differences in wo ol erowth in the 

l{erino J,;rou_:J l,:ere L1rr;ely due t.J variation in inta�e. ln the 

Cheviot 6roup intaie, and wool gro wth were related in summer 

but not in winter. Reversal ')f the normal seasonal cycle of 

nu trl tion resulted in an al::r�o st com,1lete eli•riina tion of the 

seasonal cjcle of �oal ;rowth as a result of depression of the 

SU<Ili::ter �JGB �. 

b) Teill>Jeratu:ce, li�ht :-and tb.e se:-�SJil::J.l rh�th.w . 

Fcr6US·Jn llll· ( 194':)) .�ut for>:ard the tr1e:Jry that 

atmosp�eric te��erature was one Jf tae factors wnicn was re-

S)onsible for seasonal wool Jrowth. They obtained a �ood 
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correlation bet1.;een wool t.SrOl·Jth a.nd .nean envirorlJlent te:n.tlerature 

but te;ll�era ture was coni o unded v.i th daJ lene;t'l. ln a further 

experiment ferbuson (1949) showed that unilateral thoracic 

sympathectoilly, which destro yed the heat re�ulating mechanism 

and caused unilateral vasodilation, produced a tem p o rary in­

crease in woo l growth on that side for a period of ten wee�s. 

The disappearance o f  the difference coincided with the advent 

o f  warm 'veather. However, Coop and Hart ( 1953} kept a group 

o f  sneep during the four winter months in a room maintained 

at t 3°F above the outside temperature but wool growth was not 

increased. 
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Bennett et al. (1962) using equatorial day length and 

reversed temperature, found that lowest wool growth �a s achieved 

in the coldest experi�ental time of the year. .riaximum gro\vth 

was not in the wa.rmest seas'�m, but immediately after the c::>ld­

est ex�erimental season. 

On the other hand, covering midside patches to pro­

vide thermal insulation nad little effect on sea sonal �rowth . 

This result shoTt:ed that annual rhythm of wool �rowth can, in 

certain circLL1lstal1Ces, be modified by temperature. �hile the 

modified rhyth,n can occur in one part oL the S·\.in, an almo st 

no r:nal J:'hyttun c:>ntinues on other pa ... 'ts and can persist in the 

absence of the climatic stimuli. 

CJop and Hart (1953) found that �inter growth in 

0()rriedale e ... :es >;as increased ;,hen they were subjected to con stat1t 

short day lefigth, that is, 8 hours light and 16 hours darkness 

or 4 hours lign t and 8 hours darkness . Summer gro 1vth was not 

altered but the amplitude of the rhythm �as decreased, �lving 

greater total annual pr-::>d.uction. 

This finding suggested that photoperlodicity had some 

influence in annual rhJthm. Ho�-.;ever, animals subjected to 

constant day length as continuo us light did not change the 

rhythm and a considerable amplitude of growth remained between 

seasons. Keeping the sheep in complete darkness by hooding, 

Hart (1955, 1961) found that annual rhythm was initially un­

changed but diminished, e ventually being abolished completely. 

In Rhod sia Sym1ngton ( 1 959), found that Persian 
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Blackhead sheep kept in pens roofed �ith translucent pla stic, 

which reduced the inten sity of light entering in the pens , the 

r·hythm of s· edding �>.as disrupted and the fleece was heavier and 

denser than those animals maintained under natural light inten­

sity in tropical day length. 

Tile annual rhyth:n ££.ay be reversed by reversing the 

photoperiodic rhythm. By reversing seasonal day len�th �orris 

(1961) reversed the season�l wool gro�th, in Romney ciarsh ewes. 

This reversal of wool growth rhythm ) Ccurred gradually and took 

two years to be complete. Similar experi�ents have been per­

forlned in Au.s tralla :.:1 th S:Ju thdo �ms and mediuul-\vool •"Ie.clno s, 

atlu in i�e\.'1 �ealand 'l.ith Corriedales (Jart li .ral·, 1963). As 

in �orris' experime�t, the rhythm she· ed resistance to change 

and in this case the change was not �radual and resulted in a 

bimodal curve of production. In the Oorriednles, s�all peaks 

of wool g�owth coincided �ith the experimental peak of day 

length <=�.lid hith the r.atural cne . In tne Southdowns and 

Nerino s tb.ere we re tl'm pea-�s, one corres.:mnding to the llgh t 

treat.men.t anu tile uther before the n..>rmal peak. Dif ferences 

in results in the later experiment have been exJlained as 

differences in the intensitJ of the �rtiflcial 11�ht employed. 

�hen incandescent lamp:J Here added and ch anges of day length 

were more rapid {increasing photoperiodic stimuli ) the en­

train&ent of the rhythm was more s uccessful (Hutch1nson, 1965). 

All these experiments showed the influence of temp­

erature and light in the seascnal rhythm of wool growth but the 
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.fundamental causes remained obscure. It is possible that both 

facto r s i�teract in certain conditions and in certain breeds of 

sheep. 

Hutch1nson and l�odzicka ( 1961) have suggested that 

rhythm of wool growth 1s a modification of an archaic pattern 

of shedding regrowth and quiescence involving loss of the shedding 

pnaae. 

c) Mediatiop Qf the neasona1 rhY\hm. 

It has been suggested that the increase of adreno­

co rti cal activity may be responsible for seasonal variation in 

wool growth ( Lindner and Ferguson, 1956). The administration 

of cor tisone to n�rmal sheep depresses ¥-rool growth and ·,.;hen 

wool gro�th resu� es after a period of depression a brea� appears 

in the fleece ( Lindner and Ferguson, 1�56). 

In view of these findings and those of Lindner (1959; 

1964) and Reid (1962} that sheep subj ected to physical or 

emotional stress increase the levels of cor ti sal 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, Wallace and 

Llndner (t965) found that se asonal per1odicit1 remained in 

adrenalectomized animals, maintained on constant cortisone 

dosage. 

Reduction in wool growth up to 6o% and reduction 1n 

food intake in thyroidectomized sheep have be n reported b7 

Pergueon (1951). Da1l7 inJections of 0.5 mg. o! thyroxine in 
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normal s·1eep 1ncre'3.se vmol Dr·Jducti'1n but also food inta!ce in-

cre a sed . Thus it wgs su�3ested t��t the increase in �ool growth 

after thyr1xtne traqt�ent �i��t be Jue to s� 1ncre�se in appetite 

and b,i tne .Jecre:!se in t':'1e stJ r<>.;::::e Jf -"'.nteitl iTJ body tissue 

(Fergus�n, 1958; L�q�ourne, 1964). 

'hrt (195)) su.ssested t'1at the annual rhythm of �."Jol 

.sr-:r th :ni ;h t be due to an increase in thyro tro ;1h 1 c act 1 vi ty of 

the !Jituitnry. .decently Fer::uson et al. ( 1965) reviev;ed the 

effect of hormoP..es in �·mol ��rcn:th ::md sho��·ed t:owt in shee��, 

hyp:;?hysectomy had a r-J.ore prJf::-und effect t'.1�H1 tiqroidcctouv. 

1'r1 e 8di.lini stra ti')n 'J f thyroxine )artiall.t re stored �mol ;;ro1:th 

in hy00)hyscct:>�ized shee� 1nde�endent 1f dJse rate, but the 

at constar�t fJ:.d inta.;:e, tem�Jerature, and c,)rtis::me dosage. 

Sub.���actions of crude tr1yr:>tro,rJhlc horJlor;e ·:.ere ca�-able Jf' 

sti�ulaLing 1ool �r��th. T�e;y co:1cluded t�l3t l-1 tui tary -::,land 

exerts stLmlati:ng and inhibiting influences t:-J.r�uc;ll the 

secretion of thyrotrophic and adrenocJrtical h0rmones res�ectively 

and t�lat an unidentified pi tui tar. factor in addition to thyro-

trophic hormone can stimulate l-JOOl grol·?th. .Neither thyroid 

nor adrenocortical activity have been definitely implicated in 

the natural variation in 1-fool groHth. 

2) ,dgdy wwth 
Growth is a complex j,)rocess which involves an increase 

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

Tile changes of anatomical components during annual 

growth was studied in detail by Hammond (1932) and by McMeekan 

( 1940) in pigs, �alsson and Verges ( 1952) and Joubert { 1956) 

rhey foU4d that the various ,arts �f the body develo p 

at unequal rates. The skeleton increases as a percentage of 

the total body weight for a �1ort period after birth and then 

decreases on this relative basi s. The musculature increases as 

a percentage of body ��eight during grov-lth. The V2.rious ti ssue s 

also attained their ma.x1.mum gx-o1·rth rates in a definite order 

of age. ..lhus nervous tissue is the earliest develo�)ing fQllowed 

by bone then muscle and finally fat. Also the various internal 

or[::;ans siwu m�rked dilf'e:rential grorrth. 

In his revi�w ralsson ( 1955) concluded that the de­

vel ·J pnwrLt of the different organs of the animal appears to be 

pri�arlly functional. These tissues or orga...."ls �1hich are re-

qulred ..l.)r tne vital funcliioiL of the anlmal l:'l.fe are the on.es 

1-rh.ich have the earliest developm�nt, and as the an1me.l ages, 

develop.l.llent follows a markedly functional pa:�. 

Also changes in ch�1eal constituents of the body 

during growth and development occur. Spray and Widdowaon 

( 1951) and Reid, Wellington and Dunn { 1955) reViewed the effec�s 

of grow�h on the chemical composition of mammals and showed 

that the greatest change during growth is aue to an increase 

1n .fat. 

A high negative correlation between fat per cent and 



water p er cent has been foand by Beid J1 11· ( 1 955 ) .  Reid 

!£ A!· ( 1 955 ) and Kirton and Barton ( 1 958a )  sugge s t ed that as 

water and !'at co ns titute the maj o r  part of the anima1 bod J ,  

fa t tening appears mai nly t o  b e  re p l acement o f  water by fa t .  

1 3  

Ho weTer, Koulton ( 1 92 3 }  h ad po inted o u t  that the water 

cont en t  of th e fat-free empt7 body d e cre ases and the ash and 

pro tein contents increase up to a po i nt w h en the concentrations 

o f  tho se components be come mo r e  o r  l e s s  stationary and after 

\-Jhioh no fur ther app reci able changes take ,plac e . Mo ul ton 

c al l 11  thi s s tege chemi cal ma turi ty . 

Spray and Widdowson ( 1 95 1 )  analy sed differ ent s p ec i e s  

a t  vari o u s  s t ag e s o f  l i f e .  T h e  re sul t s  generally aup1 ?0rt 

Mo ulto n ' a findings but there w a s  consi d erabl e di spari ty i n  the 

age s  at whic h all body con Sl t ue nt s ,  e x c e p t  fat , re ached a 

cons t ant l evel . 

Ho wever , Re1d J1 �. ( 1 9 55 ) and K1rton , Barton and 

Cre ssi.,·ell ( 1 959b ) re ported tha t in the fat-free body the !)er­

centage o f  wa t er d e creases wh i l e  pro t ein and ash perc en tage s 

increase wi th age and Kirton ( 1 959a ) has also shown that fat­

ness can affec t thi s  cons tancy . 

})  Nu\[1\ion and !gdx QroJfSh 
Growing animals require certain levels o f  nlltrien ts 

to allow normal d v lo pment o f  the different co ponent s o f  the 

body. The ra tio of llScle to bone increases ore rapidly t 

higher planea of nutri tion. fhua to get o ptimal d v lopment 
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" super main t enance " d i e t s  are n e c e s s ary si nce mai n t enanc e a s  

d e fined b y  Haynard and Lo o sl i ( 1 955 ) i s " t h e  ano unt o f  fo o d  re­

q ui red t o  h o l d  adul t animal at c o n s t an t  we igh t '' .  Thi s  d e fi ni ­

t i o n  a l s o  im 9 l i e s  c �ns tant b o d y  c o mpo si t i o n .  

H ammond ( 1 932 ) sho w ed that the pl ane o f  n u t ri t i o n  had 

a pro found e ff e c t  on t h e  amo unt o f  fat in tn e b o dy c o m po si t1 on . 

Verg e s  ( 1 9 39 a ,  1 9 39 b ) i n  sh e e p  M cMeekan ( 1 940 ) i n  p i � s , Wallace 

( 1 948 ) �nd Pal s so n  and Ve re e s  ( 1 9 52 ) i n  �h e e )  c o � t i n u e d  w o rk i n  

th i s  fi e ld . TlfO grou p s  o f  animal s FP. re submi t t ed to high and 

low pl ane s o f  n u t ri t i o n and � ft e r  g peri o d  � f  th i A  t re a tment 

e a c h  gro up w � s  d i vi d ed i nto 3 h i gh a n d  l o w  p l a n e  su b J ro u p . 

Th e s e  w1 r.i<e r s  s h o 1·<ed t n a  t th e re l � t t  ve ��ro Fth o f  b o n e , m ll s cl e  

and fat und e r  a h i �h p l ane ::> f  nu t.. .cl t i u n  i :s  re v B r s ea und er semi­

s t arva ti on . Th e earl i e r  ma t uring �nr t s  o r  t i s sue s are l e a s t  

a f f e c t ed and t h e  lat e ma tur1ne o n e s  mo s t  a ff e c t ed . 

Y e �. t e s  ( 1964 )  ;md Bu t t er f l e l d  ( 1 q65b ) re p o r t ed th a t 

the d e ) le t i o n  o f  fat i s  mo re ra p i d  and the d egre e o f  invo lve­

ment of mu s c l e  ::tnd b'J nes d e:')end s o n  t h e  R e ver1 t J  and l ength o f  

t i m e  i n  semi - s tarva t i o n .  \�h en a n  ani!Tla.l i s  k e pt on a sub-

mai n t enance d i e t  th e n i f fe r.e n t  t i s sue s �nd body re �1 0 n s  are 

u t i l i sed fo r the maint enan c e  o f  life in th e reve rse o rd e r  o f  

th e i r  l'Ja tu ri t y  - i . e .  fa t i s  u t i l i sed fi r s t , fo l l o wed b y  mus c le 

and t h en bo ne . ( Ca l low 1 94 7 ) . 

On th e o ther h and Wal l ac e  ( 1 948 } s t a t e s  th at the 

pa t t ern o f  d evel o pment o f  a t i s sue i s  th e same i n  a rapidly 

grown and 1n a stunted animal ; a lo w plane o f  nutri ti o n  did 



no t al fe c t  t ne l a t te r  d e ve l o � i ng l o in muscle and i t  i s  nJ t 

venal i s ed any mo re tha .. mu scle i n  any o th er pa ... t o f  tn e b o dy . 

1 5  

Ch ild { 1920 ) and liam.mond { 1 944 ) no ted th a t  sho rt 

pari � d s of s e  erely ru t urded �ro � th i n  sh e e p �r� d u c ed �a . K ed 

com� e n sa t ary t;;ro �. th and reco very o f  re turded t l  s s ue s ,  !� r.:> vl d ed 

t n a t  tne und e rnouri shment i o  no t too long . 

In c a t t l e ,  e vi d en c e  t)re & e n t ed by . .  inche s t er afld H o w e  

( 1 9�5 ) Stl o , . ed th at th e t !1 r ee types o f  ti s su e s  i n  ta e carc a s s  o 1  

animal s s ub j e c ted f J r a � er l o d  ,) f sle w 6ro ;.; t : l u r  :nai nt ena:1ce 

J 1 e t s n ad a s tro n �  recu)e r a t i o n  c a ;ac i ty i f  S Q f f1 c 1 e n t  t 1 � e  i s  

al lo ··. ed l·o r  recJ very an d i .f ti1 e c :1ec ,� in ,::;ro ' t �1 l s  tw t  s o  

seve1�e ::t s  to c ::tu s e  , >ermane n t  s r. un ting . 

In sl t e e p  Jo blnson ( 1 J4J ) l J und t ha t  t ! . e  varl :. u s  t; ; r � s  

D .i  t_: e b :J d ]  l n c :' e a s ed aud d ec r e a sed al:) J l ..... si :J 1 l a r  d e  v e l ·') ._,; ! :� e n  tal 

c urve s . 

4 )  Nu.trl tio n§l Regulre.nent .&or .. gal -iro-t. t!A 

A consid erable ara.:> un t  o f  w� rt� h 3.s ;;e en d o n e on tl1e in-

fluence o f  nu tri t i on �n wo o l  �re duc ti on . In �eneral i t  h a s  

been stlown tha t  feed i n t ake af fe c t s  Ho o l  gro w t :·, ( heber, 1 9 3 1 ; 

Fraser ar1d N i ch o l s ,  1 9 34 ;  Mar s t o n ,  1 9 48 ; Ferguso n , Car t er and 

Hardy, 1 949 ; Ferguson , 1959 ) . 

th e re have b e en a large number o f  o b s e rvat i ons and a 

vari e ty of interpretati ons o n  the ro le s and signifi can c e  o f  

energy and pro t i n  f o r  wo o l  gro wth . ?raser an d  N i c  o l s  ( 1 9}4, 

1 935 ) o bt ained a rel t1vely large i nc rease in woo l  growth on 
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Ohev1o t weth ers , when the animal s were fed by the addi tion o f  

200-SOOgr. mai ze starch t o  a mixed ration . ��ston ( 1 932 ) 

o b served increa sed woo l  growth by grazing she ep fed a supple­

ment o f  blo o d  meal . F.raser and Ro berts ( 1 933 ) ,  Bowstead and 

Laro se ( 1 9 38 ) ,  and Slen and Whi ting (1952 )  did not o btain re­

sponses in \ro ol growth by incre a si ng the daily intake o f  pro t e in .  

Marston { 1 937 ) ,  using isocaloric di et studied the e ffect o f  

different level s o f  pro t ein in the fo o d .  From a basal level 

or 60gr. pro tein per d ay  in a maint enanc e ration, increase s in 

protein intake by 1 00%; 200% and 400% o btained inc reas e s  o f  

wo o l  gro 1·1th o f  50%, 95% and 145% re sp ectively . SUb sequently, 

Marston ( 1 948 ) reported an exp eriment where �-1erino sheep rec eived 

di e t s  o f  cons tan t comp o sition a t  four l eve ls o f  int ake varying 

fro m  b elo w maintenance to twi c e  the level of maintenance . 

Wi th di e t  o f  en ergy equilibrium and a po si tive nitrogen balance 

obtained a produc tion of  t . 65gr . cle�1 ,  dry wo ol per day .  At 

a po si tive energy int ake plus a po sitive nit rogen b alanc e wo o l  

pro duction was increas ed to a m e an  level o f 6 . 95g. wool per day .  

However, the vari ati on s in pro tein and energy intake in thi s ex­

p eriment were confound ed . 

Slen and Whiting ( 1 952 ) and Fergueon (1959 )  found that 

wool production did no t increase when pro tein content o f  1 ao ­

caloric di e t s  was incre ased abo ve 8-t o%. but they found a large 

re ponse in wo ol growth to to tal intake . In view o f  the se 

re sults Ferguson ( 1 959 ) sugge sted that energy rather than pro­

u1.n limi t ed wo ol growth . However, Marston ( 1948, 1 955 ) 
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interpret s  the wool growth re sponse to increas ed supply o f  

amino acid s ,  parti cularly cystine and me tnionine . SUb sequently 

Rei s  and Schinckel ( 1 9 6 1 , 1 963 , 1 964 )  o b t ained substantial in­

creas e s  i n  wo ol growth rat e s when ca sei n  was admini stered dir­

ectly into abomasum as a supplement to a roughage diet containing 

approximate ly 1 2% c rud e  pro t ein . Similar re sult s were o bt ained 

with cy st in e  or methionine infused direc tly into the abomasum 

o f  sheep as sup plement to a di e t  o f  chopp ed Hheaten and luc erne 

hay ( Re1 s ,  1 967 ) . 

After the se re sult s and in th e ab sen c e o f  1ro ol gro wth 

re sponse to an increase in the pe rc entage pro tein in the di e t ,  

i t  m ay  b e  co nclud ed from Rei s and Schinckel ' s  uork , that \>Jo o l  

grornh i s  in general limi ted by the amount an d  compo sition o f  

amino ni trogen absorbed from th e inte s tine . 

The apparent confl i c t  be twe en Fergu son ' s and Rei s and 

Schinckel 1 s conclu sions have b e en clarified by .Ho gan and ��e ston 

( 1 967 ) .  Using d i e t s  differing in crude pro tein c o nt ent they 

found lit tl e variati on in ni tro gen leaving the abomasum d es pite 

difference s in nitrogen intak e .  That i s ,  on d i e t s  o f  low pro-

te1n conten t ,  ni tro gen i s  gained during the passage o f  d ige sta 

through the stomach , while lo s ses o f  nitrogen o c cur from the 

stomach wi th die t s  co ntaining higher l evels o f  pro t ein . 

The am o unt o f  pro t ei n  reaching the gut wi ll be depend­

ent on the mi cro b1al activity in the rumen and the amount and 

k1n4 o f  pro t ein inge sted . Bumen mi croorgani sm required a 

source o f  nitro gen fo r growth (Bryant and BD binson, 1 959 ) which 
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i s  normal ly o b t ai ned fro m  pr3 t e 1 n  i n  th e i�ge s ted fe ed , but may 

als o  b e  o btained fro m non-pro t e in ni tro gen in the feed or fz·cm 

urea se cre ted in the saliva o r  reaching the rumen by d i re c t  

passag e  through th e rumen wall ( Mc Donald , 1 948 ) .  The ammonia 

re su l ting fro :n  th e d e-�na t i o n  of th.g amino acid s may b e  utili sed 

as a so urc e o f  ni trogen by o th e r  mi cro -o rgani sms , but large 

quanti ti e s  may b e  ab 8orbed into t�1 e  bL> O d  s trean and sub s equently 

excreted as urea Ck Do nal d , 1 948 ) . i'hi s  rea c ti o n  i s  po t entially 

an impor tant avenue o f  lo ss o .f inge s t ed pro tein nit ro gen . The 

ext ent to •:n i c h  such was teful de-am.1natlon o c curs i s  rel a t ed to 

d i e t ary fac t o r s . In general s o luble pro t eins are ra pid ly 

a·t tacJced ��:hi l e  in so l ub l e  l;ro t eins ar·s muc h mo r e  re si s t ant 

( !vkDonR.ld , 1 9 52 ) . :I:�:i s d i f f eJ.'ence i s  o 1' it.�. t e r e s t  e s� e c 1ally in 

regard to l)lar�. t  l e af )ro te!lls i il"! i ch a:i""e read i ly solu u l e ,  whi l e  

th e l e af i s  fre sh and gr e e n ,  hu.t b€:c oue h i e;r.ly ins:) luble \vh en th e 

plant m� ture s o r  d ri e s  a s  in hay roa�ing . ra e pro tein of fodder 

co n c en t r :�t e s  al s o  var ie s  c o n sld e!'ab ly . •-luch of  th& _pro t ein o f  

peanut meal i s  re adily soluble and qui c kly degraded in the 

rum en whi l e  z e in o f  maiz e  i s  quit e  in solubls and co ns equently 

very sl o � 1ly at tacked in th e r-t.ll:le n  (.HcDonald , 1 962 ) .  D1ff'erence s  

in uti l i sa tion o f  di fferent pr� t e ins may explain the variation 

1n wo ol grol�h re sp onse to pro te in suppl ement s used in d ifferent 

experiment s .  

5 )  lffect of P§�tures Species on Sqgep froduct1on 
One o f  the fir s t  s tudi e s in the live weigh t  gain of 
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sh ee p grazing di fferent spe ci e s ,  was re po rt ed by th e Wel sh Plant 

Bre e ding S t a t i o n  ( Staple to n ,  1 9 33 ) . Live weight gain o f  she ep 

grazing 11h i t e  clove r and i nd i vi dual gra s se s gro wn wi th and -v li  th­

out c l o ver was c �m p ared . T h e  re sul t s sh o wed that anima l s  o n  

wh i t e  c l o ver h a d  l i ve weight gal n  ( 28� ) hie>;h e r than th o s e  animal s 

grazing pure gra s s e s . Animal s graz i ng mi xed pas t u r e s  gained 

1 9.% and 1 6;;6 m o re th a n on pure gra s s  p a s t ures o f  p e re nni al rye 

g r a s s  and c o c k s fo o t re s ve c t i ve l y . 

Sinc e th en s everal r e p o r t s  h av e  b e e n  pres en te d in 

lll e w  Zea l and , ( Rae e t  � .  1 96 3 ;  1 964 ; Hc Lean ..U ,U. 1 965 : 

H i gh t  and Si nc lair 1 96 5 ;  1 967 ) Au s t ra l i a  ( Ga l l agh e r  .tl al. , 

1 966 ; \n l s o n ,  1 966 ; Grim e s ,  ·,�a t lcin and Gal laghe r ,  1 967 ) and 

Engl :md ( 1-l i l fo rd and IU n s o n  1 9 66 ) . 

In 6eneral a l l  t h e  ex perimen t s  c arr i ed o u t  by th e se 

1•ro rk e r s , c o 1ll pared l i ve 1,ve i gr1t �Sai n o f  young sh e e p and e 1--1e s 

graz ing pure le :.:,umes  s t and and gr a s s e s  �·;1 th and 1,,1 t ho u t l egum e s  

in d i f fe r e n t  s e a so n s . 

The re s ul t s sho � ed that s � ee p grazi n g  pure l e gume �  

s t and gai n ed m ore weigh t  t han ani mal s �ra z ing pure gras se s 

vTi th o r  \vi tho ut c l o ver thro ugh o u t  th e y e a r .  ( H igh t  and 

Si nclai r ,  1 965 ; 1 967 ; Mc Lean � �· 1 965 ; Gallagher !1 �. , 

1 966 ; Wil so n ,  1 966 ) . Live wei gh t gain o f animal s grazing 

gra s s  plus clover were higher than tho s e  on pure gras s  ( Rae 

� � • •  1 963; 1 964 ; Hight and Sinclair 1 965 ; 1 967 ) . 

Rae � �· ( 1 963;  1 964 ) found signi ficant d i fferenc e s 

in live weight gain in favour o f  the sh ort ro tation rye grass 



20 

white clover, compared With p erennial rye grass with whi te clover . 

Gallagher � �· ( 1 966 ) ,  report ed one experiment in whi ch pe r­

ennial rye grass whi te clover mixed gave b e t t er live weight 

gains th�l animals grazing coc ksfoot/white clover and t al l 

fescue/white clover in thi s  o rder , but these differen c e s  did 

no t reach significanca . In a compar i son be twe en gra s s  strains, 

Rae .§1 �· ( 1 963 ; 1 964 ) sho"fTed ·that animal s made bet ter live 

wei gh ·t gain in short rotatio n  rye gra s s  than in p erenni al rye 

grass wi ·th Ariki rye gra s s  int e rmed.i at e .  Hc Le an §.! aJ.. ( 1 962 ; 

1 965 ) fo uad that live wei ght gain on timothy in �er and on 

sh o rt ro tatio n rye grass in Autwnn wa s high er Trme!l c ompared w1 th 

live 1reigh t gai n of sheep grazing p e rennial rye grass . 

Gro wth o f  young sh e e p  gra z i ng co ck s fo 0t , perennial 

rye grass WLd tall fescue were stud� ei by G&llaGher � al• 

( 1 966 ) . Altho ugh fin&l live weight d i fferenc e s  were not clearly 

defined , allim als on coc.k':afoo t made  b e t ter pro gre s s  a.t the e arly 

part of th e trial ( Decs.i1l.ber ) end tho se o n  perennial rye t$r�as 

at the end of the experiment ( Apri l ) . Over t h �  wh o l e  exp eri­

ment the se two sp e c i e s  were superior to tall fe s cue . �lrther­

more, Grimes .11 .11· ( 1 967 ) found that growth rate of  animal s 

grazing co c�sfo ot was lower than those grazing rre gras s  and 

tall fescue respectively. 

Milfo rd and Mlnson ( 1 966 ) wo rking u1 th 537 c o cksfoot.  

823 rye grass and S24 rye grass reported that the final 11ve 

weight gains on 823 and S2.4 rye gras s were 1 7$ higher than on 

S31 co cksfoot . 



In a c o mp ari s o n  be t we e n  pure l e g ume s s t and s ,  ·�mi t e  

c l o v e r  uas fo und t o  be su v e rl o r  t o  luc erne ( .lc.Le an n M· , 

2 1  

1 965 ) and oa th s p e ci e s  gave b e t t e r  gro wth rat e than sub c lo ve r .  

Di ff erenc e s  i n  t-voo l  gro·w t�'1 o f  animal s 6raz ing d if fe r­

ent gra s s e s  wl t h  and \'l'i t h o u t  c l o v e r  were found by Gallagh er §.1 

sY._. , ( 1 966 ) . Al t h a u�h t h e s e  d i f f e r enc e s  >..-e .re n o t sig::::ti i' i cant 

in e 1  th e r  saro. Jl i ng t ime b e t��a �n t re a tm e:a t , t h e  analJ sl s o f  pooled 

d a ta fr1 m �ra s s  and gra s s  v l u s  cl o ver t re a t� e n t  i nd i c a t e d  sig­

n ifi c an t  d \ ffar e n c e s  in favo ur o f  t� e �ras � � l us c l o v e r  treatment . 

In S ::li t e o f  th e fac t tha t  var1 ·1 t i 1J n  i n  l i ve '.: a igh t 

3a1 iJ and · \·o ·J l [;ro w th v1 e :c e  no t ed :1 . 1  :.;. tlL·� al s .;.::-s. z i n,; d l fi'e r e n t  

3 t1e c 1  e s  and s t rai n s ,  t h e  r e :l 3 0 n G  f.:n· t h i s r:3 r e  n J t ful ly 

exa·1 1 n e d  in all c a s e s • 

.In t :1 e  e x l)e.r·i al e !l t s  c -J nd u c t e d  by .:.m e  tl :ll · ,  ( 1 �63 , 

1 '.164 ) :: � r ba,;e i L t a1r.e \-'ia s  nJ t. e s t i,11 -::. t ed but J :) :u s , U l ,la t t  and 

Glc nday ( 1 J63 ) in th e a b s e �c e  of th i s  d a ta , a t t ri b u t e d  t h e  

o b s e rve d d i.. f fe.c e n c e s  in l i  vc · .  e i 6h t 6S.in , tc. j l i'f oreuc e s  in 

rumen fi l l  and papilla t i o n  a s  �;·e ll a s  d i f:l:'ei· e: .n c c s  in the c o n­

c e n trat i o n  an d pro p o r t i o n  o f  vo la� i l e  fat ty a ci d s  ( V� As )  in 

the rume n . O n  th e o th e r  h and , :Jai l ey ( 1 96'� )  r c l 3. t e d  ,-::hemi cal 

ana. l y s 1  s o f  c l i pped h e rbase a t  mon t �.ly int erval s to the l i ve-

we i�ht gai n . H o  sut:;3 e s t e d  t t1at th e re sul t s  rTe re due to 

d i f ferenc e s  in the c arbohydrat e  compo s i t i o n  o f  the sw ard s , 

e spe c i ally c e l lulo se , 'IV'hi ch may af f e c t  vo lunt ary i n t alce . 

could b e  asso c i at e d  w i t h  change s i n  fe rm en ta t i o n  ra t e s , and 

ni tro gen and VFA utili s a t i on . 

fhi s  



22 

t1i5h e o  1cen t ra t i on .:; f Vi: A an d  3o od d e vel� p.;lent o f  the 

rum e n  �a)i llae w a s  foLllld by .·:c .Leau .fa1 aJ.. ( t 905 ) ifi the animal s 

r;ith leh 6ro w th ra te s , �razing \d1 i t e lo v e r. � l s :->  the amo unt 

o f  f oo d  ln the re t i c u l u.:n  and r uw en a _:.. t e se ani:!i al s wa s lo w . 

The C 'l .H-e ... : ;:;e 1n al l re s pe c t s  was asso ci a t ed . 1 t h  slo-w e:;r'>w t� . 

_·.l .i f,H �d and ,•, 1 :.:.son ( 1 966 ) re ) '.l r t ed 1 L:..t'e re.ac e s  i n  

energy .i.' -;: t e n ti J u  o e t • , !Jeu t :,_·o v .�r i e t l e s  o 1' r;; c zr:. e s  arJd co c A: sfo o t . 

1'r. e re t .; : , t i o n  J ll 323 rye ,;rs.ss a!<d 324 �-. a s  181� .�ud 1 7,;; h1 ...:;her 

t rtan S37 c . c :<.sL .J O t .!' 8 sp ec t 1 vely . �h i s  d. l f 1 e l' e n c e  in e n e rgy 

re te n t i u .t• s : ::. 'J . e d  a i- J S i t i ve c ::; rre l a t i o ?�  ·.;i th d 1 �e s t i b1 11 ty o f  

::�ne rzy re t en t l ') r;  - · · · s  i o u o.d ne-

;he : · r � J rJ r t i o n  J i' nc e t l c  2-c l d  · a s Ho t 

I : :  t e.  -;.�? in 

t�1 1 �  eXfi c .f·l · ·; t 1 ia s '. :J t  e : t :l :t · · t e d  �l t!d. tH e ar1c. ly c i s 0 f  · : e · b a0e 

ar.d l.' Li u , e n  l l -l u J r  �vo rc d eri ved fr0:!1 a s e  �)a r:-l t e  i 1� · l ·:- or f t! e d1ng 

A ::.: u o d  u s s u ci . .it l o n  o c  t- !'. ee n l i  ve-·we i ,)! t ,;a1 a  culd 

o r�aalc u1a t. te r  dl  'e s ti o1 l i ty , and pro :>•.J rt i o n  o f  crud e ,t-�ro te1n 

were found by Grl�e s , ha tk1n and Gall agh er ( 1 966 ) . T n i s  al so 

was asso ci ated w i th hi�h food intake . } urth er, Grl m e s  � �· 

( 1 967 ) found tnat 11 ve-wei gh t gain '\-re s  strongly c o rrela ted w1 th 

the pro po r tion o f  pro pionic and ace t i c  acid in the rumen. The 

pro port.ion of c rud e pro tein in the d i e t  was nega t i vely corr 1-

ated wi th 11ve-we 1ght gain . The t o t al  VF A cone ntrat1on was 

no t s1gn1f1oantly c o rr lat ed with live weight gain and wa 
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n egatively c rre l a t ed wi th c e llulo se . 

Joyce and Ne vtth ( 1 967 ) re_iY) r t ed an ex . e rimen t ln wh i ch 

i're sh .... h i  t e  c l � v e r  and i> erenn i al rJe ::;rass . bo th <J f slml lar 

leve l s  oi d igest1b1ll ty ,..,e .ce 1 ed e 1  ther on .ru1 lJ.bi t:.ij!l o r  re-

st .:: .. i c t ed u n. s e s to penned we t:1 er ho5ge t s  o v e r  a 1 JO day ptn·l o d  

i n  Aut'.lX • •  rne re s u l t  sho1<1ed tha t sh e e p  i n &! li b-l: tum feed ing 

of whi t e  clover ate 28.� mo re G rgan i c  :;1a t; t e r  and .341--; mu re crude 

yr•J t e i n  n.nd .;ra s s  e n er s than sheep fed \ ,1  tb. r e :.:>ras e . W u o l  

�ro d �c t!. ·:) n fi.L.d 1 1  ve we 1 :�:J. t eair. • e re lll �)1 er in . l.J.i te clo ver 

A:.J.i n � l l s  ·1 1' th i s  � ro u p -�ai ued �.1 t a ra t. e  9 L� ias ter t;l. an 

t11e  rye .. ; .ea s s  gr .m p . f h e  d il ferenc e i n  l i ve tle i �� t  �al ned w a s  

o nl y  -, p. r t ly re l a t ed t·)  t h e  l e vel of d L::.e a t l o l e  :J z· . .; an i c  m a l. ter 

�� t h  cn e r�y and n i tro gen re t e n t i 1 n  we r e  � r e a t e r  f o r  

sh e e p  .!' e d  "' t i t e  c l o ver a t  h i ��n l e ve l s  J f  i o o d  i n  t R  t e  t h au l' ·J r 

pere cmial ry e c; ras s . A t  na1 nt enauc e l e ve l s  � f  l e e d 1 n ; d i J f-

e r cn c e s  i n  �nergy re t e n t i o n  d l sa � pe a red . 

Vt A wa s � � d e  1 �  tu 1 s  ex p e rim e n t . 

h O  �e a s u re illen t o f  

6 )  �f f ect of St,ock1ng %\t§.s on Sflefto .<.rodu.ctign 

The Au s t rala si an 1 1  t e r a t ure d eal ing �·1 tn t. e efl ect 

of s t o cA1ng ra te in animal produc tion c an be divid ed in two 

main gro up s . Tho s e  s tudi e s  d o ne in ·ew Zealand in v:hich pro­

duction per acre was c�ns1 d ered and tho se s t ud i e s  do ne in 

Au s tralia on which mo re em ph asi s wao put in the pss ture grazing­

animal co-sy tem. 

Al though simi lar resul t s  were o btaine� 1n that 



pro duc ti on per animal d ecr e ased and to tal production per acre 

increased wi th incre a s ing st o c ki ng rat e ,  the se result s are 

diffi c ul t  to compare due to the di ffe renc e s in environment , 

management and in the p a s tures and breed s u tili sed . 

An early r e p o rt wa s made by Walker ( 1 955 ) from ex-
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periment s c arried out at Ruakura b e twe en 1 950-55 . Thi s exp eri-

ment was c arri ed out on thre e different farm s  whi ch were com­

parable in to t al area,  so i l  typ e ,  paddock number and pas ture s . 

Di fferent s t o c ki ng ra t e s  were used fo r each farm : 4 sheep ,  

plus � c a t t l e  b e as t ( equival en t ) ,  6 sh e ep plus i cat t l e and 8 

she ep p e r  3Cre re sp e c tively . Mea t pro d uc t i o n  ( l amb p e r  acre 

p e r  y e ar ) , wo o l  p r o duc t i o n ,  lambing p ercentage and woo l  qual i ty 

were rec o rd ed .  

Th e re su l t s  showed that lambing perc e n t age a t  6 ewe s 

per acre was slightly higher than at 4 and 8 ewe s  per acre . 

However, meat production � e r  acre was higher at the highe st 

sto cking rate . Ewe f l e ec e weight at 4 sh e e p  per acre was llb . 

heavi e r  than at the int ermediate s t o cking rate and just 1 lb .  

he avi er than at the highe st s t o ektng ra t e . T o tal wo ol pro­

duc ti o n per acre , includi ng lambs ,  were 43lb ; 6 1 lb ;  and 80lb . 

re sp ectively whi ch i s  roughly in the same ratio as the sto cking 

�ate a .  

With regard t o  wo ol quali ty , the percentage o f  breaks 

was quite high in every group. However, wool o ff the 4 per 

acre ewes showed the least amount o f  break, but the 6 p er acre 

ewe s  wer clo se to the 8 per acre ewes 1n thi s respect. fh e  
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same trend s  o : c u.rred .1'or c o t t ed fl e e c e s . G en e ra ll y the 8 per 

aci·e e v-;e s r10 o l  Has iufc:ri o r  in bo tr� s c o r e s  • 

..L'ven i f  tr" e  c at t l e  nu,1l b e r s  run are conve r t e d  t o  ewe 

e4.ui val e:Ll t s  th e r e sul t s  canno t b e  co m,Jared since t h e  1>a s ture s 

d l d  n0 t r 8 - eive s1 � i l ar craz ing manage � e n t  due t o the pre senc e 

v �� t h e  c :::. t tl e . 

Th i R  � . a !,;  ��� .o ·:-.: c, by 8".1 c ld i ng ( 1 96Lra) '•'h � f! ,.., nrl u e -f; ed rtn 

T:: e s e  t. ri als 

'.<o .:ce l �i cl  uut 1 S  t ·. ; : )  b l :; c :-:: n , ' . Ji th A.nd :.Yi tli �� u t  c 2 t t l c . Ti 1e 

�I..c ... b e r  ).[ u. w e .J s t o c1�eo in e ach '� 1o :: : · · � ... �; 3; 4 ;  5 ;  IS J ;  and 

'{ , • lild l ; l .J ne 0 1� t l l e 1J L .l c1 · s , G ; l t t l e  •. ; .; r e · td r1 "3 ri  '.'1 '1 rfHp l i red to 

�0 · t ru �  e x � e 3 B o f  p a s tu c e . 

qad a · t �! r  5 ;c ·�•.r s  !:i l l  :! �:. e  w '� ' >U_i �  W '3) 1: 8  ru n :U1 W J.ch  tr e q tmen t . 

:r n e  s ::cl 7. 1 il:_:; n.::-c �1 "";� <: cn c ·q t ·, · n s �red.GLn i :t '3 �'1 t l y  s e t  n t -, c :::- ed . In 

th i s  t.ri �> l  · • b s ,; �·v:� t l r :m � ·. r� re m 8. d e  o n  e · · e  l i v e ·.r� i _·h t t rend s ,  

lct!� 0  ,JI'·) ·, �� · l  [':'l. t e s , ·.w n l  we i � .  t s ,  t o o th l-'le Fl r r-m d  z P. n e r a l  s t o ck 

h e a l th · , s  11e l l  a n  S ') � e  :; 'b s c rV<.<. t 1 ·r:1 s  1 n  P "' S t 'J ":'e e f f ·� c t s . 

Tr� e  r e su l t .3 �h o , ;o'l t :'l e S '3. � 13 t re YJ d s a s  th0 s e  o f  

. :a.l.lte :-- ' s eX 11e r i men t . Live t ' 8 1. t."'l t d n c l  i '1ed a s  s ·t J c k1 n � ra t e  

i �c re � se d ex c e ) t  t a t  at 4 ew e s p e r  a c re , wi th o u t  c a t t l e , th �Jre 

'r. a s  a sl l�)1 tlJ h l ._;h e r  1 1  v- e  if� 1 c;h t gai n th e. ·; at 3 per acre . 

Th e h i t:!,h e s t  l am b i ng percentage s we re pre sent a t  3 ewe s  per 

ac re , iihi l s t  th e lowe s t  Here at th e h i ghe s t  s t o cking rat e .  A 

small di fferenc e i n  favo ur o f  the 7 ewe s per acre o ver the 6i 

e w e s  p e r  a c r e  was found . Lamb lo s se s  we re highest at 4,  5 and 



. tad t:� e  l o :vc 3 t  t t  lnninc l':: t ..; ::; . 

c ·1t t l e  , e r e  s l i .. )1 t ly su _ ·e l· i o r  t ::J  th � se !" L4.: :il :i !�e , e s  .. e c i all.t 

Thus l i v e  ; e i ; .. t ,  � . a o l  e>ro-

as � 'J tn: d t J t c .a rc c t l j'  

t i. e  

.l:i11 a 
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::;:: c c �  ._: rnz s J.  � - 1 :L 1 u t  c ;-:.. t :: le sho wed 

ro t tL . e  i . c 1 J en c e  r;8 s  l e s s  as s t : c i:.in,g re t e  l;: ;; rc :J.sed . 

Co l l l n  ( 1 966 ) ln hi ll c o un t ry , c v :pared tn e � reduc tio n 

fro ;:n t -r;o s;rs te :J. s o f  nanase:nent - mo b- e t J c .r.:1ns and s e t- s t o cKing -

at 6 e we s  pe r a c re an d b e tl<•een 4t e1-tes per acre s e t  stocked . 

Compari son o f  re su l t s  sh o ;·;e d  a 1 1  t t l e  d i fferen c e  1 n  pro d uc tion 

between mo b-gra zing and set s t o cking at the h i :_:her leve l . Be­

tween the t1;o l evol s  o f  s t o cki ng , ,.n d 1  vi dual an t mnl performance 

uas h1gn er a t  the low sto cking le vel , but overall por acre 



j i ff e r e n ce s ) C C �r:ed . 

'.l . . . ' I' E, l • ' LL 1 !.:· ; .l t �  t i  ) J l . 

( ') ,.., \ • • t) ' 1 .1. :: d 
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U ..L  c;reen 

. · ro t e l n  rwd 3l o s_pr. o ru r:;  i n  t h e  �ree r:. e rJu.;c L.8n t s  .J .f  the .l:' a s t aras . 

- � J "";<ieVG r , :;H.:c.:::. b :  d y  "17e 1c� t in t:-. o  di fferent tre atment 

did no t d i ffer by mo re than 1 0% at any t 1m e  � f  t�e y e ar . Thi s 

slit;� t variati on and a l so i n  \·rool pr o duc tio n.  c :�n be attri buted 

to th e sm a11 d 1f f c� r  en c e  i n  ra t e  o f  s t :) C'.cing b e ti\'e en treatment s ,  

trhich migh t bG not en o u gh t o  stre s a  t h e  p 3. s ture , h e nc e  variation 
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in nutri ti o n  may have no t b een suffi ci ent to affe c t  animal 

produc tio n .  

Large variati o n  i n  fle e c e  weigh t  a t  d i ffe re nt s t o c k-

ing ra t e s  were reported by Sharkey � �· ( 1 962 ) .  Vari ati o n  

in body ifeight o f  she ep graz ed at sto c ki ng rat e s  b e tween 1 and 

6 ewe s p e r  acre differed by as much as 50% in late Win t e r .  In 

as s o cia & i o n  wi th the lighter fl e e c e  weigh t ,  po o re r  wo o l  s tyl e 

and charac t e r and d e cre ase in fibre thi ckne ss were re c o rd e d . 

Thi s experiment wa s c arri ed out on a p a s ture compo s ed o f  

Wimruera rye �ra s s  and sub cl ove r .  Drake and Ellio t  ( 1 960 ) 

fo und in general the sam� re sul t s .  \Io o l  pro duc ti o n  wa s re­

duced by 3lb . a h ead b e t w e e n  two ��d six sh eep to the acre ih 

the s e c o nd y e ar of the exp e riment . 

Arno ld , McManu s and Bush ( 1 964 ) and �cKanus � �­

( 1 964 ) rep o r t ed an exp eri�en t c :1rri e d  o u t  during 4 years i n 

whi ch l o ng t e rm cumula t i ve e f fe c t s  on bo th pas ture and animal 

pro duc t i o n  were s tudi e d . 

The exp eriment was divided into 3 phases . In the 

fir s t ,  anm.\al and perennial p a s turtl s were s to cked at the rat e s  

o f  2 ,  4 and 6 '!erino We thers p e r  acr e . 

In phase s 2 and 3 th e perennial pasture s from the pre­

vious experiment were s t o cked at 2 ,  4, 6 and 9 sheep per acre 

( L; H• , VH ) .  The re sult showed that to tal greasy fleece 

weight did no t d i ffer signifi cantly between treatment , but 1n 

th third year the highest mean fle ec e  weight was record ed from 

sheep on the H treatment . In thi s  particular year, sheep 
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running at 9 per acre had al so higher fl e ece weigh t than tho se 

at the lol";er sto cki ng rate. 

Woo l  growth in Summe r  was less than that 1n an equi­

valent period of Wint er wi th the exc eption o f  ver1 high , wh�oh 

ac tually changed the phase o f  woo l  produc tio n wi th respe c t to 

sheep at the lower sto ok1ng rat e . The se she ep pro duced more 

wo ol o nly in Spring than the o ther treatment s  but they produced 

le ss at all o th er time s .  

Tw intereating feature s u po n  live we1tiht were found . 

One was the large weight loss in �er and the second th e time 

wh en she e p  c eased to gain weigh t at the d1 f fe.cent s t o c king ra t e s .  

Sh eep a t  th e t wo high er s to cking rat e s  ga1ued weitin t 

f.J r  a month in Spring af t e r  tho se on  the lOl-ler rate s  had s tar ted 

to lo se rle igh t . The time o f  maximum rat e  o f  gai.n differed by 

as much as four week s  be t ween treatment s . These find ings were 

no t o b served b1 �illough by ( 1 959 ) ,  perhaps due to di fferenc es 

1 n  bo th pa s t ure yield and qual i ty . 

The effects of s to c &:1ng rates o n  fleece cilarac ter-

i ti cs were negligible in all years. Se a sonal pat terns o f  

staple length and fibre diameter fo llow tho se of wool produc tion 

and weight change. 

Differences in live weight gain b e t  en low and high 

atocklng rate 1n �er following the s e trea ent in Spring 

a reported b7 B;yles. liilllam and Green ( 1 956 )  in England . 

HeaY7 stocking ratea 1n S�riD& s ve th greatest live 

eight increase per acre. Bo ditferenc a bet en treatment 1n 



the rat e o f  gain o f  the ind ivi d ual animal -v:ere found a t  thi s 

t i m e . Ho �·e ve r , she e p  a t  the h i gh e s t s to cking rat e gained 

weight m o r e  rap i d l y  in Summer than tho s e  und er t h e  l o w·  sto cking 

tr eat:uent . It 1·;a s e st i mated t h a t  the l o w  s to c lced an imal s l1ad 

inferior  qual i ty o f  fe ed si nc e th e quanti ty o f  h e rbage on o ffer 

was e stidated to be gre u ter nf t e r leni ent Spring s t o cking than 

af ter he avy Spring s to cking . 



B. .PASTURES 

1 )  if.t:S1ct of stock;ing iate on Pasture Productiqn and its 

Components 

3 1 

The effe ct o f  s t o c king rate has b e en found to govern 

the nature o f  swards { Davie s ,  1 962 ; Sharkey , Davi s and Kenney . 

1 9 64 ;  Sucit.ling ,  1 964 ; Arno ld !Ll �. , 1 964 ; Kydd , 1 966 ) .  

Dav1 e s  ( 1 962 ) fo und that the bo t an i cal compo sition o f  

a sown pa s ture 1-1a s  alt e r ed c o n s i d erably Hn an i t  11a s  st o clced c o n-

tinuously 1-vi ."�h fiv e la.r!lo ing eue s to an a cre . rh e o riginal 

so1m annual clovers and r� tive gras s e s  were l argely re placed by 

c apeKe ed and geranium ( CrYptoste74ma calendula ) . 

3l1 a!'key §.! lYr,. ( 1 964 ) ;, o rking 1-;i th an e s tabli shed 

annual _pasture o f  1iim e ra rye gra s s  ( Lo l il..!JA rigidum) and sub­

terranean clo ver { Trifolium SHbterraneuw) o b s erved that bo th 

s p e c i e s  vir tu.ally di sap;t:> eared 11hen gra z e d  z.t 6 she ep per acre . 

It was a t tribut e d  to the di sapp e arau c e  o f  s e e d s  :) f th e se a.nn.ual 

spe c i e s  fro m the so il . Al so c o ns umpti on o f  s e e dlings b e fo re 

they b e c ome 1-rell-e s t ab l i shed and 11�1 tat i o n  o f  leaf area o f  

e s tab l i shed plant by grazi ng mi ght contribute t o  the change in 

b o t anical compo si t ion . 

At the low rate of s t o c king , -w-imm.era gras s  becam.e 

domi nant d e spi te the l arge se ed r e s erve s o f  sub t e rranean clover 

in the so i l . Slight changes i n  bo t ani c al compo si t ion from 

year to ye ar 1n the areas graz ed at thre e she ep we re o b served . 

but were no t pro gre s sive . 
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(iork ing o n  h i ll country v:h e re a mi xture o f  rye 5ra s s  

:?.nd l>:h i t e  c lover ;·rns so �,;n o n  the natural �ras s land , Suckling 

{ 1 9641) o bst :rved c •1 anges itl b :>  t anical c.JiJl.J:J si t i o n  · . i th d i fferen t 

leve l s  o f  s to c i:Ci ng . Thi s expe riment c o :n  .. � �lred 3 ;  4 ;  5 and 

6 \  ewe s �er acre wi th and wi thout cat tl e ,  set s t J c �ed over 4 

At three e•ve a  per acre w1 tn no c a t tl e ,  ,J e renni al rye 

�c�ras s  and l.Jh i t e  clo ve r 1� ere red uc ed and s . e ci e s  suc h as bro \';n to J:i 

and ch ewing fe scue i n c re a s ed , c J m � �red wi th p addo c � s wh i ch have 

been i'ully u t i l i sed . As s t .; c n::ing r, i. t e s 1 n cre �� s ed , so al so 

d i d  th e rye er.'l s s  and c lover cu n t en t ,  v1h i l e all the o ther t;ra s s e s  

remain a t  s i mi lar l ev e l s  o v e r  the pe ri o d . lncre � s i ng q uan t i t i e s  

o f  rye gr�::. s s  0 ve r  tne ex t>erir:J.en ta.l ; 1er i o d  . ere sh·1 Hn r:h en C ;,i t. t l e  

and flh. e e :;  • .-ere 6ra zed t o  ach i e v e C J m ·l e te u t 1 l i sa t1 o fl .) f t he 

1) <, s ture al l year ro und a t  n l l  s t  ) C i:. in"� r·�. te s . 

d if!;l• le ve l s  o f  <.; lo ver ,., ere rec o rd ed i n  th e se p ad d .) c ri: s , 

!)art l c ularly at thre e , i .Jur and l i ve e we s  ,_; e r  acre , �lus ca t tle . 

At 6 �  8 \� e s  _:Je r  acre there ,,:a s a ma.c ,;:ed red u c t i ::> n  in clover con­

t ent due to the h igh grazing pres su l.�e . 

At the l o w e r  s to ckin� rat e s  o f  three and i'o �.tr  ewes 

per acre wi th no cat tle , a very high �ro portion o f  the to tal 

herb�e was made up of d ead gr s s  ( 52") . Thi s  pro portion in­

cre ased as the tri al pro gre s s ed . 

As s to cking rate i ncre ased . the proportion o f  dead 

gras decreased e s pecially where cattle and ewe were grazed 

t�gether . Thi s  pro portion was of the o rder o f  20 to 30% o f  
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the s amp l e . 

Ef fe c t s  o n  the gro wth f o rm and bo tani c al c ompo s i t i o n  

were o b served b y  Kydd ( 1 966 ) in a s w ard o f  pe renni al rye grass ­

whi t e  c l o v e r ,  s t o cked at t wo diffe re n t  level s .  At 5 s h e e p  t o  

t h e  he c t are rye gras s  s pe c i e s as sumed a pro s t r a t e  gro H t h  h ab i t 

in t h e  f i r s t  y ea r .  Th i s  c o nd i ti o n  \:a s  l e s s preval e n t  a t  3 .  3 

e w e s/h e c tare/y e a r .  T h e  amo unt o f  r y e  gras s  s l igh t ly d e c re a s ed 

in bo t h , thi s e ff e c t b eing gre a t e r  a t  the hi�h er s t o c �ing l e vel . 

l fui t e  c l o ver almo s t  d i s app e ared aft e r  2 ye ars in b o th t r eatmen t s ,  

and was re_;.Jlaced by Po a ..fu2.p . Thi s  re sul t ed in a t o tal gro und 

c o ver o f  42 and 57/o in the graz ed �ad d o c k s , at lO \'i' and h i gh 

s t o cki ng rate r8 s J e c ti vely , t o ward s the end o f  the exp e rime n t . 

T h e s e  c h ange s i n  s tru c t ure and bo tan i c al co mp o si ti o n  

o f  t h e  sv; ard Here a c c o mpani e d  b y  an i n cre a s e i n  t h e  amoun t  o f  

d ry m a t t e r  produc ti o n  fro m year t o  y e ar . Ho weve r ,  the re was 

no i nc rease in the am ount o f  d ry ma tter grazed by t h e  animal s .  

Arno ld e t �· ( 1 964 ) sub j e c t ed a Phalaris tub e ro sa ­

sub clover p a s t ure to 4 l eve l s  o f  s t o cking . They found t ha t  

af t e r  a p eri o d o f  4 years gra s s e s re placed c l o v e r  a s  t h e  domi­

nant s pe c i e s  i n  all treatme n t ,  exc ep t  at the h i ghe s t  rat e o f  

s to c king . Al tho ugh bo t ani c al compo s i tion di f fered b e t w e en 

treatm en t s  the s am e  specie s were pr e se nt in all pa s ture s , and 

even a t  the high e s t  s t o c king rat e  the phalari s did no t di sappear . 

Using di fferent intensi tie s o f grazi ng at different 

times o f  the year ,  Willoughby ( 1 959 ) ,  found tha t a t  any one 

s tage , time and intensity of grazing had no great effec t on 



bo tani cal composition. It was sugge s t ed that in Winter, in-

ad equacy of p a s ture re s tri c t e' selective grazing ,  so that the 

component s were consumed i n  pro portion to their avai lab:J. lity. 

In Spring whe re se lec tive grazing was po s si bl e  gro wth rate or 

abundance of a11 spe cies were far i n  exc ess of con sump tion, 

and change s in botanical c omposi ti on were th en minimized . 

2 )  Effect of the Gra�ing An1mal on the Yield and its Compgnen�§ 

Att empts have been made to exp lain th e eff e ct of the 

graz ing animal o n  pa s ture pro du c t i o D. and i t s  c o mponen t s  und er 

d i fferent grazing pre ssure s . Sinc e the i nflue nce of grazing 

an1ma1 upon the pas ture i s  mai nly thro ugh the d efo l i a t io n ,  mo s t  

o f  thi s wo rk ha s b e e n  done wi thout aLimal s by ad � p t ing vario us 

meth o d s of cutt i ng at di ffe rent i nt en si ti e s . Th e extrapolatio n 

of results o f  th e se ex p e riment s to graz ing pra c t i c e s  mus t  be ­

made with cau t i on, sinc e the animal al so exert s  i ts influence 

in the p a s ture through e e l e c tive d e fo l i a t i o n, trampling and 

add i tion of nutri ents th rough dung and urine . 

a ) i!feRt of �efo11at1oa on Rastu+e produc tion 

The literature o n  the re sponse s o f  p a s ture s to vari­

ation in defoliation practic e is so�ewhat confused . Rumphreys 

{ 1 966 ) states that thi s i s  due partly to •lacunae in the under­

s tanding o f  the basic proc e ss e s involved and partly to con­

flic ting manageme nt ob j ective s re sul t ing from polaritie s  between 

imminent and long term respo n ses and be tween animal and pa stures 

requirements " . 
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Co�li c ti ng re s ul t s  have b e e� o btained from d efoliation 

experiment s in t erms o f  the dxy mat ter p roduc e d . li'o r example , 

Kennedy ( 1 950 ) , Brougham ( 1 959 ) , Larger and Steinke ( 1 9 65 ) ,  

Auda ,  Bla s er and Bro wn ( 1 966 ) found that incre asing th e s everi ty 

o f  d e fo lia ti o n red uc ed d ry mat t er yi eld . 

In c o n trast , Hanson ,  Sprague and l•i:eyers ( 1 952 ) ,  Reid 

( 1 959 , 1 J66 ) , Appadurai and Holm e s ( 1 964 ) o b t ain ed high e r  dry 

mat ter 9 r o du c t 1 o n  from c lo se c ::J mp ared wi th lax d e fo li a ti o n . 

On the o ther h and l i t t l e  e ffe c t o n  pro d u c t i o n  fro� cl o se 

d e f ? l l a  � i o n  lva s re p o rt e d  by Jac�co b s  ( 1 950 ) and .Bernardon , Hus s 

and }le C!llly ( t 967 ) . 

The effe c t  o f  di ffer e nt fre q ue nci e s  o f  d e fo li ation 

al s o  pre s ent s c o nfli c t ing re sult s .  Burger , Jacko b s  and Hi t tle 

( 1 958 ) repo r t e d  a red !l c ti o n in pro d uc ti o n by in cre a si ng the 

fre quency o f  d e fo l ia t i o n  wh ile :r e s ar an.d Ahlgran ( 1 950 ) , Burger, 

Jaclc so n ar:d P.:i t t le ( 1 962 ) fJ und that incre2. s i ng fre quency o f  

d e fo l 1 a t 1 J n re sult e d  i �  incre a s e d  pr o d !lc t io n . Li t t l e e ffect 

on pro duc t i o n  from frequent d efo l ia tio n ha s b e en re po rt e d by 

Bro ugham ( 1 959 ) , Laz e nby and Ro g er s ( 1 965 ) .  

Evid en c e  o f  spe c i e s  and vari e t al difference s  in the 

re sponse o f  the plant to d e fo l i a tion was o ften found , and usually 

at tributable to differenc e s in plant morphol o gy  ( Jo ne s , 1 933; 

Oo o p er and Seed ( 1 949 ) ;  Oooper ( 1 960 ) .  Erect gro �dng speci e s  

sho we d  a greater reduc tion i n  yi eld from clo se defo liation than 

did pro strat e sp e ci e s .  

Vario us attempt s have b e en made t o  expl ain th e  re-



sponse to defo liation i n  te rms o f  d eve lopmental physiol ogy and 

have generally revolved around three main the o ri e s  ( Al co ck , 1 964 ; 

Brown and Bla s e r ,  1 968 ) vi z ;  carbohydr a t e  re serve s ,  roo t gror.·th , 

and l e af gro �:th and l i gh t  i n t erc e p ti o n .  

i )  CarbohYdrate re serves 

The impo rtanc e o f  c arbohydra t e  r e s erve s i n  th e ro o t  

h ave b e e n  s t re s s e d  by We inmann ( 1 952 ; 1 96 1 ) .  n e  sugge s t ed 

that c arbohydrat e s  are d e 1-1 l e t ed lL"'l.d e r  frequent graz ing and are 

the cau s e  o f  the pro gre s si v e  reduction in ro o t  and h e rbage y i e ld . 

Do u b t s  abou t the val i d i t y o f  a t tri bu t i ng the gro w th so l ely to 

th e s e c arbohyd rate r e s e rv e s r' e r e  rai s e d  by .l\'lay and David s o n  

( 1 958 ) and b y  t h e  wo r1t o f  l.ifarshall and Sagar ( 1 965 ) ,  using 
1 4 

l a b e l l ed rad i o ac t i ve CO • They sh owed that th e d e c l in e in 
2 

ro o t  c ar b o hyd ra t e s  o f  perennial 6ra s s e s  af t e r  d e f:) l i a t i o n  i s  

largely c a u s e d  by l a c k  o f  r e p l 3.c e men t fro m the l e ave s and no t 

by thei r mo b i l i z a t i o n  t o  i ni ti a t e  new leaf gro w th . 

i i ) Ro o t  gro Trl th 

De i'ollation has u f' ten been ;fgund to reduc e  the s-i z -e  

and gro w th o f  ro o t s .  

Reduc tion i n  bo th sho o t  and ro o t  yield was fo und by 

Hunt ( 1 952) und er frequent d efoliati o n .  

Reduction in ro o t  re sp irati on . ro o t  gro wth and ab-

so rp t i v e  capaci ty after d efo lia tio n due to d e ple tion o f  avai l­

able c arbohydrate s in th e ro o t  was sugge s t ed by David s o n  and 

Milthorpe ( 1 966 ) .  The rat o f  growth o f  the plan t  may be 

limited by the rate o f  nutri ent uptake during the re co very . 
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2o or gro wth af ter grazi ne h �s also be e n  ex;la1ned in 

t :: rm s o1 l ,:n; e red a b i ll tJ o f  a d e :f o ll a  L ed !'lan t tv absorb \cia t e r. 

I t  ·. a s  i n-l i c at e d  by J an t i i  and 1\.l'uaer ( 1 956 ) th�t d e f � l1 a t 1on 

of �.o :1 s t u.re . �lar1 ts red uc e s  the dif fusio n ,9re s sure d e i l c i t  in 

the r•J o t s  .:!'r;) .J value s L e t-..:een t e�1 Ci.l.ul t'/;en ty atmo spa ere s , iie­

;,e H d i ng .J n ·t.h e  se·;er1 tJ o f'  d ef o l1 e. t iv n . iu d .rJ ao 1 l ::;  ·;h ere 

;.1a t e:r 1s n .;l d  at a ·:; ensl un 6l:e a t er than t"'J:.i a li;i! o.) S t' i� ere s , l.h e 

d. o i ::: li · ... � c d  . .J l.;.;;.:nt <o uld b a  u.:...a b l �  t o  ab S<) ··b  .. c:.t e L· . 

Cor... t r o l  o 1' regro 1v tl1 ra t e  a J  t er U. e 1 o l1 a t. i o u  h�-t s  been 

Qt tri b u t u d  tJ resL j ual l e af ar e a  re�a1 n1n6 aL ter d e fu l i a t i � n  

.DoH:J.ld ' �:.id. :1 a�.. .--: , 1 ) 55 ; Larger , 1 ) � ) ) . 

i.1 • ....,e n e ral t . 1 o s e  1: ;j rk er s  h ave 3 Li..;.6 e s t e 0.  t. .1 a t  t:lax.i:nu.:; 

gl' J �·.- t . .  1·::: t e s  af t e r  d e f J l l :::. t i 'J ll �-. :-.. E d e �. e��d e u t  un t l e amoun t  o f  

lit.;.h t L t t c L·c �; ;: t c d  b:y t ' 1e  p l an t ai t e l' d e i  J lL.=t tl e> .o . .Di fl erenc e s  

i n  s _. e c i e s s .. r . ..... vari e t r::.l t·e sp o n s e  t J  J c .f ') l i a L i ')n �;e r e  ex�. lained 

i -� t �nL.S .. :n d.U i � r e-tl�eG in o ·;timWl L-e af Area Ind e% ( � . 1 . I . ) .  

h�:1 ta c l o ver was f o und t o  l) roduce 1 t s  maximum r a t e  o f  grv wth 

und er closer d e f o l i a tion than gras ses bec ause o i  i t s lo wer o ptimum 

L . A . I . ( 3.5 )  than grasse s such a s  �e renn 1 al rye 0rass wita an 

o �ti.:Jal I. . , . 1  • . )f 1 . 1  ( .Brougham 1 95<3 ) . The o ptimal value wi ll 

al so d e pend on the ligh t intensi ty above the crop . Hence 1t 

v1ll vary during the ye ar . Al so the cri tical value wi ll depen4 

o n  the spa tial arrangement , particularly the inc lination o f  tb 

laminae , bei.ng higher he..-1 fol1aae is ere c t  than when i t  lies 



horizontally ( Brougham ,  1 958 ; Donald ,  1 96 1 ) . 

Th erefore , i t  co uld b e  po s si ble to in te rpre t  the way 

i:1 w�1 1 c�1 d 1  r f e rent s y s t em s  o :f  d e f o l i a t i o n  affe c t  y i e ld by c o n­

s 1 1 e r1 � �  t h e  d e gre e by whi c h  t h e y  a ppro ach t h e  id eal . 

Ho w eve r , t hi s t h e o ry d o e s  no t explain those c i rc �n­

B t  ... rt c e s  yb ere c l o se d efo li a ti o n  has in :fact r e su l t e d  in high er 

pt ·  s t u.re 0r0 d uc t t on , t h an l e s s  s eve re d e  f o l i a  t l o n .  1'h i s  i s 

: · o.r t i c u l � rl ,y so wh ere such re sul t s have b e en o b tai n ed i rre s­

·- � c t i,re o f  t h e  r�ra zing freq u ency b e t we e n  c lo s e and l ax d. e i" o li ­

ntlon  trA '1.tments ( Bnrg e r  e t  _ei. , 1 962 ) .  

Th e s e  d i ff er e n t  re sul t s h ave b e en eX Jlained a s  the 

8 f f .� r:- t · 1 J C'.l t t i !l.� o n  t h e  t r an si t i o n  from vee;e t a t i ve t o  re .t-�ro ­

d<�c t :t ve ·.�r 'l : 't� and i t s e f fe c t  o n  t(le pa t t e rn o f  d evelopment i n  

�r s s e s  ( L� ��sr , 1 959 ) .  Lax grazing o f t e n  al l o w s  relat i vely 

�n1 · t e r r u 1 t e d  ct ev e l 0 um e n t  o f  t h e  flo weri ng sn o o t , r e sul ting in 

'"!.w n l  t 1 .n::t s c �1 e c k: to i ncre ase of leaf are a  in t h e  s ward • 

.F l o  · · e ri n g  i n  7 eneral i s  ac c o mpanied by a d e cli n e  in le a1y 

vege t a t i v e  t i l l e r s  and wi th 11mi � ed l e a1 d evelo pmen t on t h e  

fl o r�er1 ng sho o t . Clo s e  d e f o l i a t i o n  d ur i ng thi s s t age i nh i bi t s  

t h e  d eve l o pl1l ent o f  the flo wering sho o t and re sul t s  i n  an i n crea se 

i n  t i llering and leaf development ( Co o per and Seed , 1 949 ) hence 

h i gh er pro d uc ti on . 

O n  the o ther hand lax defo liation re sul t s  in an 

ac cumula t i on o f  sene sc ent and dead material ( Oampbell , 1 964 ; 

Hunt and Brougham ,  1 967 ) .  Th i s  material i s  rela t ive ly or 

to t ally unre s pons i ve pho t o syn thet1cal ly to inc ident l ight energy 
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G.Jld t l ll e r i n s  m 'J.y :cll G �  b e  l i :.� i t e d by l ·J �i l i t:h t i n t e n s 1 t 1 e s  at 

�EG l' c;_ :.t. s e d cl :.: ::.d .tt ::t L t e r a c c tL:.. LiJ H t i :; L  .�r e, .:. a bo u t  3 40l b/acre 

\ uG'/ , . 

2 

2 

1'i1e t�1e: o ri e s  s t...o ._.. e s t c c  t 'J  cz: ... l aiL. the re s � o n s e  o f'  

,tJ.:.s tu:re s t o  d e f � l � a t l G n  h8.Ve b e e n  b ri efly o u t l i ned . The fac t 

that all ex�erlillent s ci t ed ab o v e  h e ve b e e n  carri ed o u t  in d i verse 

c li�atic and edaphi c c: o ndi t i c m s , d i ffe re n t  he1 6h t , d i f f e rent 

fre q�e nc i e s  and m e tho d s  o f  d e fo l i � Gio n s , and a t  d i f ferent mo r-

pho logi cal and phy s i o l o 3i c al s t age s ,  the r e  wi ll c e r tainly be 

many and im.,t> o r tan t exc e1, ti ona to the general i sati o n  mad e abo ve . 
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b )  jf�esc t o; slefollatl . .)n on botanlgal. cogpp si tion 

De i :J ll a ti :::m h :::. s  pro i :J und effe c t s  on th e b o  t ar. 1 c .9.l com-

in a .... r.":. �J s- c l ) vc .::: :;; . aru i reque n t  and hard d e fo l1 ·1 ti o n r e oul ts 

i n  A c l o v e r d r: J ri <A..!l t  s',, l.u·d ( J one s , 1 :) 33 ;  ljro ae;h am , 1 95:J ; Reid , 

1 9 59 ) . 

s t ru c t 1 1 r:  

T. •  e <J e  e; L:::..nl!,e s r. e r e  3. t tri b u t ed :n ai nly t .J t h e  e l l :ii.lna t i o n  

i I 1 s J .... � � a  , . .  e t i ..u arL . .1 , 

and cx!1aus � i on o f  ro o t  re s l-: rve s in 

1 )43 , . ·l ay , 1 96 J ) . 

:: � t he j ti . eJ.· nand , under in1 re � uent a:. d l ax c.::;r:=iz ing 

Simil r re sul t s  

l en i en tly and lnfre�uen tly �raz ed 

( Ho ll i � ·� · · ., . . .  -1 - · • _ 1,1 . J • � . ,l - •.• • • :)G - ) ...:.. .. - . - -- - �>- , . ,., ..) • rle s u l t s  o b ta1�ad were explai n ed 

( fravi e s ,  t 954 ; 

S te i n  a�d D� � �ld , i 962a ) . 

I!: a1d i. tivn to the direct e1 f e c t s  o 1· d e fo li a t i o n  on 

th e p� r; ture , d e f o l iation may lead to marked change s in the micro-

cli;!latlc . .iU�h.er so l l  tempera tures are 11 "'-.ely to o c cur und er 

f re�uent �nd severe �cazing t�an und er the lax and infrequent 

grazing . 

" h1 l s t  the se nig 1 so il temperatures are undes1rabl 

in SUmmer fo r temp erat spe�i s .  i t  i s  considered as an advant e 



4 1  

�o wer l e ¥ e l s  J i  s o l l  mo i s ture 

( 1 -. ,- �. ) ... , ;; ;) ;)  \.• J 

( ,-- r1 . '1 .. d < j r· 3 •· • 
• -.... _ ,  , f •• _1 .. t.- '  

J u11 t ii c:wd. A.�<ill.l.e.z: ( 1 )So ) ru1d .oro u6n8Jll 

.S u c .1 J i 1  � e .cenc e s  in s :> i l  mo i s ture and 

st rat e wd e l l l _, t i c ·:J.l ( �:J ;Jnd , 1 95Ja ) . 

He avy t :c .:;ad ln� ill.J.J :ced.uc e  nt.W� e r  o .t  -c i l l e r s  and to tal 

pro d nc t i o n  in dry or \ ; e t  so i l s  ( Edool d ,  1 958a, 1 958 b ,  1 964 ) .  

Al so i t  h�. s  •Je e :l  ;;h(t \ lU ( Edmond , 1 96J.1- )  that .Pa ::> t ure species  are 

af fBcteu d i fferentl�r by treadi ng . ierennlal rye grass and 

�irno thy app e ared to be mo re t u le raut than c o cksfo o t , red clover 

and yorkshire fog . Al so ac tive gro ,.·th has b e en related to 

to ler&nc e  to t read 1 ag . l"e: r ins t&nc e , w'h1 te clo ve z· appeared 
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mo .t·e tolerau ·i; i.o tre ading in St.UJUtl,er and snort ro tation rye 

6ra s a  m�re toleran� ln winter ( ldmo nd , 1 964 ) .  Brown ( 1 96 8 )  

re.t:Jorted dif ferent e.:rt·acts of treading on pasture s o f  di f ferent 

{.L�igh '- S ·  ·J:reading pa sture s before the herbage was remo ved pro­

d aoed uighar � ield s in winter and Spring but no t in Autumn and 

S�er, than pas t�re s tro dden ai ter d e �o liation . 

J )  .a;· . .t:s:c � yi JlU.lg and urine 

.ru e anLlla.l. .nas au impc rtan"& e 1'fec t on the turno ver o f  

�la.L.di .uu t..L·4. eu t s  1.n ;ne p a s t ure e c o - system .  

Jrlne has oe en found to co ntain large amount s of 

lll ii.t'o t,t::u C:U'lei. vo t as s1um ln available fo rm ,  rlhilst dung co ntains 

alwo st all lihe pho sphate and cal cium toge ther with slo w-ac ting 

ni tro gen and po tassium { Sear s ,  1 95 1 ) .  An e s timation o f  the 

amount o.r' I'erti liser re turned by th e grazing animal was made by 

Lev� ( 1 �4� ) .  we thers grazing a pasture produc ing up to 

1 5 , 000lb s .  �i/acre/annum re turned an equivalent o f  appro xi­

ma tely 1 5  c-� t . o f' s ul phate o f  ammo nia ; 5 . 5  cwt . o f  supe r­

phtt 1Sph a-t e ;  16- cwt . o-f .:;� p-o tash sa1t s and: calc1um equival ent 

to that in 2 . 5  c wt .  carbonate oi' lime . Similar manurial value s 

of t.ae dung and Llrine re turned by mature wethers have been re­

ported by Sears ( 1 95 1 ) .  

tne re urn of dung and urine by the animal may or may 

no t  influence �he yi eld and bo tanical compo si�ion o f  the sward . 

It has been found �o depend on the nutri ent status of th e so1l 

( Wheeler, 1 960 ; David son, 1964 ) ;  the pasture and 1ts abi�1ty 

to recover the nutr1ents from the so 11 ( Davidso n ,  1 964 ) ;  the 



di s tri bution o f  the excreta which wi ll de pend o n  the type o f  

animal and i t s  habit ( Se ars , 1 95 1 ; Pe ter s en ,  Wo o dhouse and 

Lucas , 1 956 ; Hild er and Mo ttershead , 1 963; H1ld er , 1 964-66 ) ;  

and c limatic fac tors ( Sears , 1 95 1 ; Pe t er s en � Jl. , 1 956 ) .  

Sears ( 1 95 1 ) has sho wn considerable effe c t s o f  dung 

and urine , o n  pas ture pro ductivi ty and bo tan i cal c o mpo s i tion . 

He found that when bo th dung and urine were r e t urned , the sward 

re sulte d  in a balanced perenni al rye gra s s/wh i te clover pasture 

and pro duced t h e  highe st dry mat t e r  yield . 

An incre ase o f  1 20% o f  h erbage produc t i o n  was found 

by Whe eler ( 1 958 ) under full return of excreta in a s s o ciation 

wi th ni tro gen f ert ili ser appli c a ti o n .  Similar trends were 

fo und by Wa tkin ( 1 954 ) .  A de cre a s e  in the pe rc entage o f  whi t e 

cl over , and a s timulus to gra s s  growth wa s found with the re turn 

of urine alo ne ( Sears , 1 95 1 ) .  Whe eler { 1 958 ) o b tained th e same 

re sul t but large ly by a pro gre s sive increase in ni trogen ap pli­

c ation . Sears { 1 95 1 ) o btained a clover dominant sward wh en 

dung o nly was r e turned and attri but ed i t to the low cont ent of 

nitro g en in the dung whi ch was no t suffi cient to maintain 

gras s  growth . 

Pe tersen � �. ( 1 956 ) fo und that the di s tri bution of 

excre ta has an important effect in the to tal producti on o f  the 

sward . He sugge sted that at a cow per acre the excre tal re turn 

factor could be d i smis sed when considering overall fertility 

because of the high concentration of nutrients in patche s ,  low 

to tal co verage and the spe edy dis sipation of the se nutri ents .  



Hilder and Mo ttershead ( 1 963 ) indic ate that apart from 

lo s s e s  from exc r etal pat ch e s  there i s  also th e  problem o f  undue 

concentration in lo cal i sed areas. Hilder ( 1 966 )  showed that 

set- s t o cked Merino sh e ep t end to form sh e ep camps on small 

are a s  o f  the pad do ck vhere the excre ta is accumulated . In thi s 

experiment thirty to fo rty-five p e r  c ent o f  the dung and urine 

was dro pped on o nly six pe r c ent of the paddock and 1vhere almo s t  

all the maj o r  nutri ent s reach ed hi gher concentration than th e 

rest of the paddo ck . 

e ) Selegtion of plant mater1a1 bv the grazing animal 
There i s  a general agreement 1n the lit erature that 

she ep ru1d c a t tl e  select l e af in preferenc e  to s t em , ( Arno ld , 

1 960 ; Reppert , 1 9 60 )  and green o r  young material in preference 

to dry ( Cowli shaw and Ald er, 1 960 ; Arno ld : 1 962 ; Grime s ,  

i'iatk1n and l;Iay , 1 965 ) . The nitro gen co nt ent o f  the sel e c t ed 

mat erial i s  usually higher than the nitro gen cont en t  o f  the un­

graze d  ma terial . ( Hard i s o n ,  Reid , 1artin and Woo llo ck ,  1 954 ; 

-Arno l.4 �  -t 960-; Gal-�a.gbe r  ti � 1 906 )  • 

The intensi ty of selecti o n  by the grazing animal will 

de pend on the plant mat erial avai lable to the animal ( Arnold , 

1 962 ) .  Thi s  wi ll affe ct not only the quantity and quality o f  

plant materi al e aten. but al so th e u tili sation o f  t o tal material 

available . The pre sence o f  dry mat erial and di sliked spe cie s 

has an important effe ct o n  uti li sation and on what 1 selectecl 

r M1lton. 1 953; Arnold . 1 962 ) .  By select1v grazing the an1m 1 

ld.l.l .frequently r due th area o f  pasture that 1 t will graze .  



be caus e  uneaten are a s  be come pro gre s si ve ly l e s s attrac tive 

( Arno ld , 1 962 ) . 
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A p a t tern o f  pat ch-graz i ng was o b s erved by SUckling 

( 1 96� in t hr e e  o f  the fo ur sto c king rat e s  wi th e we s .  At 

thre e e we s p e r  acre , o nly a small pro po rtio n o f  the to t al are a 

wa s  und er clo s e grazing whi l e  th e remaind e r  \'/aS comp o s e d  o f  

patch e s o f  long rank h e rbage . The s ame trend b ut wi th smal l e r  

amount o f  ro ughage \·r a s  o b s erved i n  th e fo ur an d  i'i ve ewe s p e r  

acre . At ve ry hi gh s t o cking rat e thi s p a t tern o f  grazing 

almo st d i sap pe ared . 

Al tho ugh the e f fe ct o f  s e l e c ti o n  i s m i nimi z e d  a t  h igh 

s t o cki ng rat e s  due to d e cr e a s e  in avai labl e fo rage , i t  s ti l l 

exi s t s .  Ho dgson ( 1 966 ) sho wed t h at ti ll e r s at high- s t o c�ing 

rat e  ( 30 sh e e p/ac re ) wer e  d e fo l ia t ed on ave rage , every 7-8 

d ay s  and tho s e  in t h e  medium- s t o c k ed sward every 1 1 - 1 7  d ay s .  

The to tal gre en l e af l en g t h  of t i l l e r s  gra z ed by th e she e p  was 

gene rally gre at er than ,) f t i lle rs no t grazed . On ave rage , 27 

and 40� of the gre en l e a f  l ength o f  till ers in the medium and 

heavily s to c Ked sward s re s pe c ti vely was removed at e ac h grazi ng . 

Olde r  l eave s  on the graz ed t i llers were d e fo li a t e d  much l e s s  

frequently than were younger l eave s .  

f ) §urnmarz of the effec t  of grazing on pas ture  

Plant communi ti e s  re spond to rainfall and t o  temperature , 

re sulting in d i stinc t s e a so nal pat terns of growth . This lead s  

to exc e s s  fe ed a t  certain time s o f  the year and peri o d s  o f  short­

age at o ther s .  



The grazing pressure exerted by the anim al po pulation 

on the who le pasture or on particular compo nents of th e pas ture s  

t end s  t o  b e  greatest when either o r bo th quantity o f  acce s si bl e 

avai lable pas ture and its  qual i ty are lowe st .  Und er high 

pre s sure and e spe cially in seasons o f  herbage shor tage , the 

effe c t  o f  c lo s e  and frequent d e fo lia tion may affe ct bo t anical 

c ompo si tio n  and h en c e  final to tal production . Low grazing 

pre s sure s . may affect plant community ,  through comp e ti tion be­

t\veen exi s ting component s  and invasion by spe ci e s  from outsid e .  

In add i ti o n ,  e ffe c t s  such as t h e  gro wth and death o f  material 

( Cam�bell , 1 964 ; and Hunt and Brougham , 1 967 ) ,  regeneration 

and reproduct ion of spe cie s  including the survival and c arry 

o ver o f  s e ed ( Ro s si t er , 1 96 1 ; Sharkey Ai �. , 1 964 ) , nutrient 

cycling, par tic ularly o f  the elements pho sphorus and ni tro gen , 

f'orm an int egral part o f  the bi o logi cal system and ha s a s trong 

influence o n  the above fac to rs ( Hilder, 1 964; Kydd , 1 966 ) . 

So i l  moi sture level s a t  different stag e s  o f  gro wth 

may alsG h ave a great influenc e on pasture pro4uc tion and bo tani­

cal compo si tion.  The se effe c t s  will sho w  up m o r e  frequently 

under high grazing pre s sure , b e c au se the lack o f  roo t  de p th will 

make the pas ture more sus c ep t i b le t o  climatic c hange s .  

Neverthele ss.  a pasture under high grazing pre ssure 

1 s  probably very dynamic and may re spond more rapidly to enViro n­

mental change s both go o d and b ad . benefi ci al and harmful . It 

la likely that the nitrogen cyc ling through the animal-plant-soil 

system, i s  used more effi ciently , because the plant i s  
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phy sio logi cally more re s p o n sive and l e s s nu tri ents are l o s t  to 

the sys tem than in an und e r- s t o c �ed si t uation. 
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A .  I.riTrtU .lhJ U .C  IO� 

Th e o b j e c t  o f  thi s experim ent wa s to c o m p are the 

e ff e c t  o f  permanent pas ture s o f  d i ffe rent s pec i e s  on the s easonal 

wo o l  gro �th and l i ve weigh t o f  Romney h o gge t s  s e t  s to c k ed at two 

d i ffe r e n t  l evels o f  s to c ki ng ; al so t o  com pare the e ffe c t o f  

s t o cki ng rate o n  P 'J S ture gro w th , avai l a b ili ·ty and c om p o si t i o n .  

The plo t l ay- o u t  w a s  d e s i gned by Pro f· e s so r  B .  R .  Watk i n  

and lai d d o Hn be fo re t h e  wri t er ' s arri val at Ma s s e y  Uni v e r s i ty . 
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1 ) �cation oi theJ�perimen� 

The e:x:perimen t was s e t  up a·t the "Tuapaka '' re s e arch 

farm o .f  t11e Mas s ey Unive rsi ty . Thi s farm i s  si tuated 8 mil e s  

north- east from Palmerston No rth in the Manaliatu di stri c t ,  at 
0 

an alti tude o f  230 feet ab ove sea l evel and on lati tude 40 2 1 S. 

Temperature and rainfal l  re c o rd s ,  pre s ented in tables 

la and Ib have been taken from the D . S . I . R .  we ather s t at i on ai t-

uated 8 mll� s away . Ho 1·rever , the se re cord s are significa.�t 

because oi th e l a ck of clima t i c  variati on in t h e  are a . 

2 }  i��d rlo ts  Design 

Th e expe riment i s  a rand omi z ed blo ck d e sign o f  32 

pl o t s  repr e scnti n� 4 d i f ferent p a � ture s wi th 4 re pl i c at e s . 

Each plo t o f  2/3 a cre W ':i S  sown in Autumn ( 1 6th- 1 7th Apri l ) o f  

1 966 , :. i lih tl1 e fo llo �:ing c erti fi ed s e e d : 

N . Z . "Gras sland a "  wh ! te clover (!D,.;tg-J.l.Y.m r�,Ren§ L. ) 

N .. Z .  " ttras slan d e " c o c ks.fo o t  ( Dactyl1s  r:lomerata L. ) 
N . Z . " Gras slands "  pe renni al. rye grass and whi t e  clover 

(kolium perenae l· and T�1folium repens )  

N . Z . " Grassland s "  co cksfo o t  and whi t e  clover (Paotxl1s 

algme�ta L. and trifolium repens) 
s fig .  I .  

General vi ws o f  the experimental area a re shown 1n 

Plat e s  1 and 2 .  



TABLE "tl 

Meteorologioa.l Data for Manawatu 

Recorded at DSIR-Graesland Division at 8 miles distant :from the Experimental Area 

Temperature � 1 967. 

Mean Mean Maximum Minim \.DD. 

Ma.ximtm1 Minimum Mean Absolute Absolute 

Jan. 69.2 5lf..8 52 .0 81 .7 4.3.0 

Feb . 70.4. 53. 8 62. 0  ao.o 4.1 .4 

Mar .  70. 1  54·9 62. 5 80. 9 4.2 .3 

April 64-.2 50.0 57.1 74.0 35. 5 

May 58- 5 4.8.7 51 . 6 64-.0 31 .0 

Jtme 54.1 37-9 46.0 61 .0 29 .6 

July 52.7 37.1 44. 9  61 .3 28. 8  

August 57·7 44.1 �.o 63 .1 30.8 

Sept . 57· 3 42 .1 49 .7 66.1 29.Z 

Oct. 63. 5 47.7 55. 6  70.1 35· 5 

Nov. 65.6 5().0 57.8 81 .8 35.2 

Dec. 70.7 55-0 62.9 78. 2 44.6 



TABLE 1b 

llonthl,y Rainfall for 1967 and average of 30 yearg 

Inch ea No. of Days 30 year average 

Jan .  3.1 1 1 3  3·39 

l'eb .  3.69 9 2.71 

March 2.69 8 2.82 

April 2.1 2 9 3.04 
May 2.96 1 5  3.32 

June 1 .66 9 3.81 

July 1 .48 7 3· 51  
AuguJ'lt 7.20 1 9  3. 32 

Sept. 1 .22 1 5  2.75 
Oet. 2..57 1 0  3..40 

Nov .  3·70 1 3  3.20 

Dee . 6.48 1 6  4.03 

Tota..1. 38.8R 39.30 
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3 } E;peF�ntal Animals 
On 26th May 1 967 , 208 Romney l.Ye thers from two di fferent 

origins,  ' Johnson ' s ' ( 1 42 )  and I Uai.:Canae I ( 66 )  bo rn in August-

September, 1 966 , were wei ghed . a�eep were allo t t e d  to plo t s  

w1 th randomi za.tion being re s t ri c t e d  1D o rder to c;1 ve n simi lar 

live ·Hei ght di s tri buti o n  and mew fo r all plo t s ,  at the ra t e  o f  

4 and 9 i n  each p l o t .  Thi s  repre s ented a s t o c king o f  6 and 

1 3 . 5  wethers per a c re . 

The h'ai kanae gro up uere no t used at t:-:te low s to cki ng 

rate bu t were used t o  make up t h e  n�ber in the high s t ocking 

rat e . Dat a  was o b t ai ned only from th e Johnoon gro up . The 

anitlal s  were se t s t o cked fo r the peri o d  of the t ri al . Re-

pl ac emen t s  1-rere mad e �.n c a s e s o f  d e ath 'J nly t c.:  m.:1::e up the 

nu� b ers of anima l s  per plo t . 

� .· . .  



1 ) pn s t L1:r.L!"!.rull1 .• ::.�mru 

0 .  1'-lETrlOD S 

5 1  

n l l  .-, wi ng sol-ri n �  and sub s equer.tly i n  S pri ng 1 966 and 

J_u t un.:n and S ·:'lrt !l g  1 967 3 cwt . o f  su ne rph o sph a t e  plu s 1 cwt . o f  

r� ri � � e  1 f  1 0 t � �h n e r  3 C re �ere a o � l 1 ed t o  e ach pl o t . Pure 

:"':r'"' s r.  •-Tc r--: t o '""' d re <1 s ed �-ri th 2 CT.·· t . o f  urea in A--:>r1 1 , Augus t  and 

O c t � �e r  1 967 to �aintain the pure s t a nd . P1 s ture s were main-

t '11. ::-- ed in t � c ;urc s t 2. t e  b;; t h e  n. n pl i c at i o n  o f  D�l�ip o n ,  T o rd o n  

"l.lld :: . � . P . t\ . E. C C 'H·d i ng t o  t h e  pnrti cula.r re quire,:t ent s . Aft e r 

e s t a b l l sh�ncn t , t"lle 'Jl ·. t s  �-.-e r e  p c ri o di cB.lly gra z ed 1-li tr1 she e p  

unt i l  t h e  ex D e r1ment s t �r t e d , i n  o rd er to c o n t ro l  pas ture gro w t h . 

H e rb a ge sam p l e s  r e pr e sent i ng the pa s ture avai lable 

' � r- r c  C 'J l l e c t ed a t  i n t e rval s  o f  1 3- 1 6  d ays taking t wo sub samples 

of 3 sq uare feet in repr e s e n t a t i ve a r e a s  o f  the gra z ed p lo t s .  

At th e s am e  t i me 2 subsam ])l e s  o f  the s am e  plot o r  pad d o c �  \-;ere 

tak en fro :1 u nd o r  cag e s , previ o u sl y  pl ac e d , t o  mea sure pas t ure 

gro · �t h . J??. � tttr � s  �tere cut a t  ground l e v e l  w1 th SUnbeam elec tric 

she e p  sh e ars . Aft e r  e�ch cut ting the c ag e s were mo ved to a 

pre d efi ned " re pre s e n t a t i ve �  area . 

The pa 3 ture c l i p ping s  we re placed in a plas ti c bag 

and sub sequently wei ghed in th e labo rato ry and mixed for sub-

sam p ling . Subsample s o f  200gr. were tak en and dried in a 
;) 

"Uni th erm" electri c  oven for 1 6  hours at 80 0 for dr¥ ma tter 
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d e termi natio n s . 

3 )  ]!Qta.rl'-J�_y_t\rlaJE1.a 

Fn u r  bo tB.n 1 c a.l snaly s e s ve re ii: <:,d a uP� 'ru xlzua te ly e ach 

t wo month � by t P. Iri r. .c:  4 0 ._�r . s'...: t; sarr; � l e  fr.J .•t t h e  c l 1 p 11 ed sample 

m Ar t 1 n n ed �b � v e  and b � r d  s e � ? r � t 1 n � i t  i n t o :�� � s e c , c l � ve r , 

d e ? d  ll.J <> t t e r  P Yi d  C' t """ e r  S !;' e c t e s . Tt e r:.: E:  s 2 ; ·, :l e s  ··: .- r e  d �· l ·: d  ili 

th e o ven wd ·· ei . .:,' · e d .  Tl1 e d r·y :' ·.1 t t e r fr:' "'. e · \c l: z g:n. - l e  wa s 

re ferred. "l. S  · e r c e i"1 t ·J .. ::·; e ,") f t : 1 e t, ) t : l  .J rJ s c:>.. · :J. ) l e . 

In o rd er t 'J  e s t i m .J t P.  t'· 1e a. 1 1 u t� t o f  1J H·e ·5 r·' u.wl a t  the 

tiwe o f  l o w  ·1 a n t ·.tre '1'Jn1 l .a �li l 1 ty ,  u l n t �, - < 1 .-r si s H?. th o d s tver e  

used . In each �add o c k  1 00 h i t � w e r e  re c u rd ed . 

4 )  .!.nim1:1! i 4J!L1:.e 1 :�h t 

Al l Hn 1 m a l  s • · e r e  1;c i zh ed a v e ry fo u r  ·.'le ek s , C ·) Ghe 

ne �. res t  :- 'J Un d , u s 1  r: t;  a s l i:r � r; _, A p E> nd ed i' ro '·t !:!. rt 8-=t.l t e r "  s . 'ri ng 

bal an ce su � p � rt ed � y  a t ri �o d . 

5 )  Wool Saru_r,l inp; 

M1 d s1 d e  sam pl e s  ,. ::: re taken fro m e ::>.ch anlmRl by c l i p _t.>i ng 

pat che s o f  ap l)ro x1n:. a t e l y  1 00 sq . cm . e very 1 2  we ek s u s1 r• g  '' O s te r "  

e l e c tri c cli ppers ( 0 000 blade s ) .  The po tch d i m en s io ns were 

me asured to th e ne are s t  millimetre u s 1 n0 cali pers wi th elongated 

po in t s . The ar ea wa s e s tima t ed from dimensi o n s  o f  the fo ur 

aide s as suming rec t angular shape . 

Ml d s 1 d e  sampl e s  o f  greasy wo o l  were c o nd i t i o ned in 



a c onstant humidity room before weighing . 

made in a Me t tler balance to the o . 00 1 gr .  

Woo l  weigh t s were 

To asse s s  monthly variation in wool length growth rate , 

the dye banding technique ( Chapman and Wheeler, 1 963 ) was used . 

Dye bands were applied four and eight week s after c lipping using 

a pipette to run a line of dye so lution  along the skin in o ne 

corner of  the c lipp ed patch e s .  The dye used was an aqueous 

Durafur-Black R so lution which was pre pared immediately prior to 

use by dissolving 4g . o f  Duratur Black R flake s in 500 ml. cold 

di stilled water .  When the flake s were di ssolved 4 ml. of  

conc entrated hydrogen peroxide ( 1 00 vol. ) were add ed . 

�easurement s  on the clipp ed wool sample s were made 

to th e n e ar e s t  mi llime tre using a rule r . Th e di s tanc e s measured 

were from : the tip of the s taple to the bo ttom o f  the first 

band , from the b ot tom of the first band to th e bo tt�m of the 

seco nd band and from the last po si tion to the bo t tom o f  the 

stapl e .  In o rd er t o  correct for the eff e c t  o f  the pile o f  woo l  

left by the cl i ppers , 2 animals were clipped o n  the m1d s1de and 

dye applied to the skin. The thickne ss of  the dye band which 

appeared on the tip o f  the wo o l  was measured . The mean o f  

thi s measurement ( 2mm. ) was discounted from the measurement done 

from the top t o  the first band and added to the measuremen� 

be tween the s e co nd band and the bo t tom o f  the staple . 

Estimation of fibre growth length per day in millimetre • 

was made by dividing the length o btained during each period by 

the appro priate nwnber of days .  



Fleec es were weighed at shearing on a Kendall fleece 

weighing taol e .  Fl e e c e s  wer e  graded according t o  the ext ent 

of d i s co lo uration and oot ting wi thin th e fleec e .  A ri ght 

mid slde wo ol sample was remo ved and later graded fo r soundne s s .  

c olo ur , d egre e o f  co t ting and o ther charac t eri s t i c s .  De scri p-

tions of the gradi ng sy s te� used are given by SWmner ( 1 969 ) .  

Analysi s o f  varian c e  was perfo rmed on tha dry matter 

avai labl e and pasture grn wth data co llec t ed at seven sam pling 

time s wh i cn co incided wi th anl ·nal wei ghlngs .  The sign i fi c an ce 

o f  di fference s  be t we en mean pa s ture t y p e s  was evalua t ed by 

Duncan ' s mul ti ple range te st ( Duncan 1 955 ) .  

Differenc e s  in animal and wo � l  ch arac teri s ti c s  were 

anal y sed by the l e a s t  aqaares me thod fo r uneq_ ual sub-cla s s  

nu.-abers . Difference s  ln body weight were te sted by the eo-

vari ance analysi s usi ng the previ ouR we ight as th e ind e penden t 

vari abl e .  

Woo l  gro wth di fferenc e s  o f  mid si d e  sampl e s  1n gramme s  
2 

and weight per uni t area gm/ea were tested by oovariance 

analysi s uslng weigh t s  of woo l samples taken at the beginning 

o f  trea�en t a  aa the independent Tariabl e . Dif feranoa a  in total 

fleece weight was t e sted by cov riance analysis wi th wei&bt per 

UD.lt area of the beg1 nn1q o f  the expert e n t .  

The mode .l  used tor the se covariuce anal;yaes vaa 

I =f-1.+ \la + r'+ P + Y'p +JI.X -i)+ E 
bpa t p a i s �� b�s 
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where : 

t. - an o bserva tion o n  one charac �eristlc 
b p s  

)A = o verall mean for that charac teris tic 

� = effect of Blo cks 
b 
t = effe c t  o f  pas ture s 
p 

p = effe c t  o f  s to c king rate . 
s 

All analy se were calculat ed using Mas sey Universi ty 

I . B . M . 1 620 co mpu ter .  
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c: : :'1.!l :;e s in cl r�: Batter avai labl e .fcJ r �as ta· e s  e;.razed 

at � 1 ,;)1 ; l., � d  LY ':'l s t o c  ::,.ns r�;. t� are si t ·J Wn i r• ;'16uru � 2 and 3 �  

Tl 1 e  t.o t �l f o r �,se [!.Va1 l n b 1 c stc ·,:ed th o S:llile � e a. so na.l. trend .fl ) r  

a l l  l1 a ::1 ture s t.md er high and lo i·: s t :) c...>:.lr..i: ra t e ,  Hi th a mln imun1 

avai lab111 t y  to ward tr1o end o f  "in t er and •�a.xi2um at t h e  end 

ivl t h i n  nonthly "J b s c rva t i o ns , the s i gni fi can c e  o f  

t h e  d i fi'e ren c e  i n  mean t o tal d ry mat ter ava.i l a bl c h e t-v•e en 

.i.i a s t ure s , b l o e v  s an d s t o c k i r: g  r n. t e s  wa s t e s t ed by anal ysi s o f  

var1 �nc e  ( r a t•le 2 )  fo llo wed by Dt.m can ' s mul ti ple ranse t e s t . 

( :table 3 ) . .r : t a.l d r·y ma t te r  ava l l a b l e  r12 s H l gn 1 f1 ca , t ly greater 

( 1:'<0 . 0 1 ) und er l o 'Y: s t o c ·1 1 ll g  rat e .  T h i s  e 1  fee t �: � s  e v 1 1 e n t  1n 

e l l  p ·  s ture s treatment e x c e p t  wn 1 t e  c l o ve r . Ir. t h i s c a se the 

d l fl:ere.n c e  oe t rieen h i gh an d l o w  s t o c K i ng ra t e  v..· a s  no t slgn 1 fi cau. t 

o ver the Se p t eill b er to O c t o b er �eriod . Di f ferenc e s  i n  availab i ­

l i ty be t 1· e e n  gra s s e s  ( wi th an d witho ut clover } and vure Y.mi t e  

c lo ver J R s ture unde r lo w s t o c�ing rate were signifi cant ( P<O . OS J 

thro ugh the wh o l e  experi ment , exc e p t  for co c d:sfo o t  plus white 

c lover at the end of November. Thi s superi o ri ty of 6rassa s 

o ver wh i t e  clover was no t o evid ent under high s to cking rate . 

Diff renc e s were d e p end ent on the abi li ty o f  the indi vidual 

gra s s e s  to r e spond to the grazing pre s sure . For exampl e ,  

oo cks fo o t  w i th and wi thout whi te c lo ver was ignlf1cantly 

superior to wh i t e  clover f rom Jun to S ptemb r ,  bu t therea£ter 
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TABLE 2 

Analysis of yarianoe of Total Pasture Available 

source Degeea M. s .  M,S . !vt . s . M . s . M.s.  M.s . M.s .  
ot ot 

Variation Preeclom 26/6 1 1/7 9/8 4/9 4/10 1/1 1 29/1 1  

Pasture 3 .31 0752.66• 62041 4.66tm 4804(.;2.00.. 739044. 66 .. 1 322778. 6tal  1 21 1 874· 60.. 1 250.330.00.. 

Bloolc:l 3 208.39.00 59.565.00 1 220.40 64964.. 56. 1 02043.66 685876.66. 499526.66.. 

Stooldnc rate 1 1 1 92355.00. 225531 6.00. 1 9494.73.00a 21 36968.00. .5442854-.oo.. 1 632204.1 .oau 251.1 2020.00.. 

Pasture/ 9 354-76.1 1 62960. 88 1 41 40.00 21 888.1 6 7054-9.22 1 38871 .44 96�1 .1 1  
Block 
Block/ 3 54-755.66 1 6936 .00 4464.40 4072.06 1 20878,33 1 01 382.00 1 2857.3.33 
Stoold.n' rate 
Pasture 3 3408 • .33 1 2523.66 2ns1 .73 1 551 36.73'fta 41 51 90,00mr 6362.4.33 278290.00. 
Stocking rate 
Error 9 30621 .1 1 258,56 . 88 21 085.04 1 661 4.93 62853·33 1 361 30.33 52.546.66 

Total 31 

• = p o .o5 M. s .  = Mean Square 

- = p 0.01 



Pasture 

Ba/Ao 

Bc/Ac 

Ao 

Be 

S .R. 26/6 

L 

H 

1 1 1 0a 

774bc 

TJJ3L'E 3 

:Jeans of total ·or•sture twa.ile.ble 

1 1/7 25/7 9/8 

1 1 70b  

560d 

976 862a 

289 238c 

{Pry Matter lb/acr� 

4/9 20/9 4/1 0 1 8/1 0 1 /1 1 1 �/1 1  29/1 1 

91 9e. 1 1 -n ·; 372n 1 631 21;.1 8n 3330 3478a. 

31 2bo 399 490b 863 1 1 1 3bo 1 1 79 1 1 81 d  

1 4/1 2  

5331 

1 439 

L 

H 

1 071 ab 1 1  28b 764 927a 1 0/&. 1 1 1 ·1 1 397a 1 468 231 &. 2731 234-Sbo 272 7 

C70o 704cd 429 424b 280bc 285 376b 486 722od 91 1 920dc 1 1 1 8  

L 

H 

733c 

326d 

789c 

228e 

334 364b 

73 27c 

1 52cd 205 

1 6cl G2 

288b 721 'l 4.85o 1 768 221 2c 

1 1 1� 1 32 235d 433 587e 

1 01 4a  1 1 43 1 747a 1 92C 21 92a 2495 26C9b 

2343 

764-

3097 L 

H 

1 1  Z..9a 

71 9c 

1 451 a 1 01 7  1 004a  

922bc 706 493b 488b 481 525b o74 "/22c0. 955 908C-e 1 093 

S.R. = Stocking Rate 

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

Within obaerYations means wi th  the same letter do not differ significantly at the 

5 per cent leTel ( Dunoan ' a  Multiple range test ) .  
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1 t s  sup r1o ri ty fai led to reach si gnificanc e .  By compari son 

rye gras s/wh i t e clover reach ed l o wer l e vel o f  avai labili ty duri ng 

July and Augus t and in fact was no t signi ficantly d i f ferent from 

white clover 1 n  th e l a t ter �c n th . Ho �·:ever • from tha t po int 

onward s rye grasn/w�li t e  c l o ve r  sho 'i'I ed a mar' ed in cre a !3e 1n d ry 

ma t ter avai l a b i li ty , approxima tely a mon th earlier than the 

coc icsfoo t treatment s .  and co n tinued to d i s .Jlay th i s  suz:>eriori ty 

tnroughout the remai nd er o f  the ex perimen t a l  period . I t  i s  

in t e r e s t i ng to n� te that the 1n.c rease i n  the avai labll1 ty �Jf the 

co ck s foot/white clover treatmant s qppeared 'o be o n ly sligh t ly 

su.} e ri o r  to and cmumenced about i;h e  s am e  tlro.e a. s  whl te clo ver. 

The oure coc -csfoot  treatr:-.ent was no t d e pres sed t'1 th e 

sa.r:1e extent as t h e  grass/clover pas ture s. Thi s m1�n t  b e  d ue to 

t�1 e e f f e c t .) f the Nit rogen ap 1 l l ed in Au3u�� i;  w� "li ch s u s t ained 

l ta r e s .r>OD s e  u p  to th e eud of t�o vetn ber . i� �ever , the d if fer-

en c� b e t \.:een d ry Il"ln t te r  avai labl e �..o n th e :: o c A: sf � o t  p a s ture s and 

th e �.a 1 t e  c l o V'er !)a s ture s  d id no t re ac h  sl .;n1i i c au c e  at any t1;ne 

frc Q O c to oer to tbe end of th e exp erimen t . 

2 ) Pgstyre Gro ·-.·tl} 

The means o f  the pa ,; ture and s to ck1n rate treatment s  

£o r to tal dry matter produc tion per acre d e ·term1ned a s  outlined 

in section 1 are sho wn 1n Figure s 4 and 5 .  Analysi s o f  variance 

of th six s pling date s at �hioh information wa avai lable on 

pasture ava1 labilit7 ar pre s ented 1D Table 4.  

w re s1gDlf1cant Duncan ' s  Multiple Range test w 

h er difference s  

us d .  the re-
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Source 
ot 

Variation 

Paature 

Bloolm 

Stooking Rate 

Future/ 
Block 
Blook/ 
Stocld.n' Re.te 
Paature 
Stooking Rate 
lrror 

Total 

De gees 
of 

Freedom 

3 

3 
1 

9 

3 

� 

9 

31 

TABLE 4 

Analysis of varlance of I'otal P,; nture G::::·owth 

1 1 /7  9/8 4/9 4/10 4/10 29/1 1 

M.s . Jt. s . M . s .  !!! . 3 . ut. s . M. s . 

1 07492 . 93 28086.� CD  !�591 1 . 63 22621 8.7-.. 371 697.00 ?.59225.()01111 

1 0004.5.33 38352·�- 3787a0C 881 8.1 0 3581 1 3.00 1 51 980.001 

1 51 5.1 0  3296. "13 3148. 2C 21 7 /1 7.�- . 1 780620.0()111! 1 040402.� 

53303a7U 7� 31 . 69 8907.73 4-3651 .36 69609. 1 1  682.::0.1 1 

3lf.1 Q4..36 5-�34. 74 22C6. 6G 1 28468.03Jl 2840.00 1 1 71;.1 . 33 

37086. 56  21 574. :33• 9355.26 25/C-67.1 6 208c:31 · 33 78757.00 

49768. 54. 3999. 67 1 21 39 · 57 20356.1 3 1 09759 . 22 3581 3. 3'3 
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sults being indi cated in Table 5 . 

Gro wth o f  pa s ture s ,  in .ge.aeral follo wed th e same trend 

und er bo th s to ck ing rat e s  u p  to t.i1 e end of Se ;; t ember. From then 

on , growth o f  th e l o w  s to c king rate pastures was subs tantially 

gre a t e r  than t hat o f  the hlgh s t o cked pas ture s ,  e sp e cially for 

th e rye gras s/white clo ver sward . Diffe rence s reach ed s igni­

fi cance in Octo ber ( p, O . OS )  and No vember ( p<0 . 0 1 ) .  The super­

iori ty o f  the gras s - th e grass/clo ver pa s ture s over pure clover 

wa s  al so evid en t d uring th e early Spring , J,Jart icularly at the 

high stocki ng rat E!. As tn e s e a s o .tl progre s sed rye 15ra s s/whi t e  

clover and pure 'l>ib i t e  c lo v e r  pas tures reac�1 e d  high e r  le vels o f  

pro duction than d i d  the cocksfo� t va s ture s .  

Al t h o ugh the stati stical analysis indicates t ha t  th e 

gro w th o f  th e two g..c a s c/c.l ) ver pa s ture s ':fei�d superior to C0 C K s­

foo t  o r  �hite clover alone , in O c tober , November and De cember , 

t h e se effe c t s  1-:erc l are;ol:r c� i.lfined tu the l1 i gh s to c.!(1ng rat e  

treatments and th e l o w  stocked rye gras s/wh i t e  clo ver tre atment . 

Po s s i bly the mo s t  iat ere s ting and signi fi can t aspe c t s  

agrono mi cally were ; the delay in whi t e  clover re spo n se in the 

Spring under high s to cking rate ; the sub stantial growth response 

of the rye grass/whi te clover tre atment in the Spring under low 

stocking rate ;  the relative ly poor Spring growth o f  the co cks­

foot treatment s partic ularly at low stocking rate and the 

superiori ty o f  cocksfoot/white  clo ver ov r co cksfoo t  at the 

high sto cking rate in the late Spring . 
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Mo+m:: of totc.l n,:, 1t9+11! £F·>?:rtll 

i!£: mcrtta,:.lbL"""O...-e) 
16 

Pastu:rea 

Da/Ae-

lo/Ao 

Ao 

Bo 

,s /5 -._ ' 
B.R. 1 1/! 25/7 9/8 20/8 

L 

11 

L 

H 

L 

lt 

L 

B 

9% 1 71 280 

1 85 

1 38  

1 38  21 .5ab  267 

1 07 297a �6 1 75 

m 1 1 6 1 79bc 1 78  

1 8lr 1 17 1 70bo  

90o � 

496 

uo 

26 

1 14. 1 00o  

1 ()4.  1 00o  

90 

t� 

1 23 

1 25 

/6'.._, 
4/9 20/9 

211; �05 
t, � 7 � J. � ., -:;u 

2.5-'. 2b6 

22:; ;e6 

1 1 ;.� 1 93 

1 05 1 58  

1 57 302 

r.; 
lt/10 

643-1\b 

6·: ,3a.b 

71 48. 

J). ... / , j j  ' I i)-...._, r 
,� -

1 fJ1 0 1/1 1  1 .::/1 1 29/1 1 1 lt/1 2 

689 1 �:6 1 735 1 21 8e.  1 E52 

754. Tl2 99� 7301:'� 1 1 �.J 

»..:70 6R.5bc: S �  

4� 1 �'bc �90 

9£2 974 

8�1 961 602bc 1 C1 6  

32.+bc,� [:-61 995 � :>05 1 1  :,h, ":'?9 

21 7d 358 574 �20 6U\.bc ;;os 

7331.1 ({.)5 962 ?24 771b �-J+-1 

1 55 338 432abc 670 .582 51.4 41 4c 720 

th1rl obaenations meano with the same letter do not differ significantly at the 

5 par OIDt leYel (Dunoan•a tm,ltiple range tost) . 
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3 )  .Botanical Compos1 t1on 

The e stimation o f  bo t anic al compo sition in terms o f  

percentage o f  speci e s  pre sent  i n  �h e to tal dry mat t er available 

fo r pas tures grazed  at low and h!gh sto cking rat e are shown in 

Table 6 .  The t able shows t h at i n  s o m e  o f  the tre atments there 

were c o nsiderab l e  change s  in bo tanical compo sition during the 

experimental peri o d .  

The proportion o f  grass and clovers in rye gra s s  plus 

"t1 te clover and cocksfo o t  plu s whit e  clover pasture s show similar 

trend s .  As the experiment pro greR sed there was a slight increase 

in the pro po rtion of gr2ss . Thi s accounts fer the high e r  per­

centages  o f  grasse s in the total d ry matte r avai lab l e  in th e 

high sto cking rate treatment . ifuile t h e  !)ro �ortion o f  d ead 

m.a titer on rye gra.s s/�<Thi i;e c l o ver pn sture s d i d  no t differ 5reatly 

be tween s to c ki ng rat.e s there were noti ceable differenc e s  in 

thi s com�onent be t ween sto cking rates  o n  the co cksfoot/uhite 

clover pas tures . For exam pl e ,  �y the end of  the experimental 

period  d e ad mat t er repre sented as much as 20% o f  the available 

herbage under low s to cking but only 8% on the high sto c1':1ng rate . 

From observation there appeared to be a greater degree o f  

"patch1ne ssH  o n  th e cocksfoot  pas ture s generally. As the Spring 

progre ssed increasing areas o f  tall  ungrazed clumps o f  co cksfo o t  

became more and more apparent and no doubt accounted for the 

high d ead matter figures obtained . ( Plate number 3 ) . 

Over the whole experiment high sto cking rate c lover 

pastures had a lower peccentage o f  clover than low stocking rate.  



Paature 

Ba/Ao 

Bo/Ao 

Be 

Ao 

TABLE 6 

Estimation of Botanical Composition in terms of percentage of snecies present 

in the total d£Y matter available 

a .a. 

L 

H 

L 

H 

L 

H 

L 

H 

Grass 

76.8 

69. 6  

69 

63 

74·5 

68.2 

26/6 
Dead 

Leg. latter o . s .  

7· 5 1 2.7 3.0 

1 2 .3 1 4.1 3.8 

7.4 21 .8 1 .68 

1 7· 5  1 6.4 2. 7 

1 .6 23.7 

30·9 8.1  

1 8.6 70.6 8.o 2 . 6  

31 . 9 53.1 1 0 .6 4.2 

Grass 

90.2 

84.2 

76.9 

78.7 

75.4 

80. 8  

9/8 
Dead 

Leg. Matter o . s .  

3·3 3·7 2.6  

5.2 5.2 5.2 

4.4 1 6.7  1 . 8 

7 · 5  1 0.3  3·4 

24.2 

1 9 . 8  

33 . 8  46. 5  1 4.2  5· 3 

1 7 .2 11 ·4 3·2 7.7 

Leg. = Legume o . s .  = Other Speoies 

1 2/1 0 
Dead 

Grass Leg. Matter o . s .  

79.8 1 1  6.1  2.8 

86 8.6  2.7 2.7 

85.4 3. 7 1 0 . 8  

63.67 1 3.8  1 1 . 2 1 1 . 2 

83.8 

95· 5 

1 2. 2  79 · 3  

3.26 63 

1 6. 2  

4.4 

0.7 7.6  

4. 3 

The aymboU uaed tbrou§lout these tables are the same as those used in P'igure 1 • 

29/1 1 
Dead 

Grass Leg. Matter o . s .  

78. 8  8.9 1 0. 5  2. 5 

86. 1  5.8 1·9 -

75.4 3.4 20.2 o.a 

86.1  

73·7 

88.1  

5.6  

6 .4 67. 3 

37. 6 49 

8,a • 

26.2 -

1 1 . 8 

2 . 7  23.9 

9 . 2  4.1 
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Se l e c  1ve r zing . 
Oo c K s fo o t/l" 1 te c l  ve r p s t u r  under l o w  s to c' · i ng rat e . 

( Nove.mb r 1 967 )  

Cl e u o hite c l o v  r p 
sho in 1 va si o n  o �  

( ove b e r  967 ) 

rate 
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Invasio n o f  weed gras s e s  such as � trivial!§ and � annua 

was reate r und er hi h s t o cking rate w i ch ac co unt s f o r  the 

hi gh e s t perc en tage of gras se s in the t o tal d ry mat t er avai lab le . 

e sub s tantial inc rease in o th e r  speci e s  recorded und er low 

s oc n rat e whi t c  clo iTer pa s ture s  �·ere mainly due +o the 

wh i ch in some padd o c k s  reached 50% 

o f  the to tal dry mat ter va1 la ble . 

4 )  g Cover 

{ Plate number 4 ) .  

Po int analys l s a s  u s ed in an a t t empt to measure the 

amo un t o f  bare gro und at the time of lowe s t  9 s ture avai labi l i ty . 

Th e r e sult s are sh own in t�ble 7 .  

Und e r  high sto cking r a t e  th e h i gh pro po rt i o n o f  bare 

gro und w as mo s t  evi d en t , t eing abo u t  tvi c e  th'S! a.rea r e c o rded 

und er lo 1 sto c 1 ng rat e . 

In gr-:-. s s o s a A e ylu s clover n a s ture s the var1-

a t i o n  in the pro portion of ba:r e  gr und �11 thin s to ck1n rate s  

wa s all . Ho 1 eve r ,  wh i t e  �l o ver a s ture s a t  b o th s to cking 

ra te s sho wed a sub s t an tially highe r  perc ent a e o f  b ar e  ground 

{ lat e s  number 5 and 6 )  eo p�red with the o ther pas ture s . 

) 

Ohange in live .. i t o f  " al s graz ing the di fferent 

pas ture at l o  d hig s t o c  n g  rate re s o wn  in figure 6 

and 7 . 

.A..tU al s r z n t th lo s t o c  in rat e  fo llo ed 



Pastures 

Ba/Ac 

Bc/Ac 

Be 

TABLE Z 

Estimation of Percentage of e;round cover 

determined by point analysis method 

Stocking 

Rate 

L 

H 

L 

H 

L 

H 

L 

H 

Bare 

Ground 

1 4  

32 

1 4 

27 

21 

38 

36 

60 

Grass 

60 

46 

65 

58 

75 

61 

1 2  

9 

Leg. 

26 

1 7  

1 9  

1 3  

1 

37 

20 

Clover 

Stolen 

1 

1 

1 1  

1 0  

Weeds 

0. 65 

1 

0. 5 

1 

4 

Dead 

Matter 

0 . 5  

4 
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Lo w  s to cking rat e  whi t e  clo ver pas ture . 

( ugus t  1 967 ) 
PL � 6 

Hi h sto c �1n rate rhi t e  clov r pa sture . 

( st 1 967 ) 
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a o st the same trend 1n live weight change s  on all pas ture • 

Through o u t  the who le experiment  sh e e p  grazing whi t e  c lo ver , 

s o red th e fas te st growth fo llo wed by rye grass/wh te clover, 

co cksfoo t/whi te  cl over and cock foo t . 

At high s tocki ng rat e  live r1e1ght chan. e s  w-ere mo r e  

variable . In thi s case l i ve ue igh t was relat e d  t o  s me ext ent 

to chang in pasture availabi li ty e specially in tho s e  animal s 

graz ing wh it e  clo ver , whi c l  l o s t  weigh t from July t o  the end o f  

Se p t ember . ( Plate s 7 and 8 ) . 

th ugh an 1rua l s  Q:razing co cksfoo t/whi te clover and 

co ck s fo o t pa s ture s lo s t  more �Toight than animal s on rye gra s s/ 

Fh i t e  clover i n  June and July , d i fferenc e s  i n  fi nal Jive \\Teight 

be t ne e n  th e s e  pas ture s \ ?.re small . 

Di fferen c e s  i n  l ive e i g 1 t , a s  1 nd i � � t ed by eliminating 

the d i fferenc e s  in bo dy wei gh t at th e previous we i gh i ng by 

analy s i s  o f  c o vari cnce ( Tabl e Bb ) sho�  d ,  tha t  ad � u s t ed l ive 

we 1g t o f  animal s gra7. ing at l o '1 s to cking rate  uas s igni fi cantly 

( p<0 . 0 1 ) e t t e r  than at  hi ·h s to cking ra t e  from Jun e to the end 

o f O c to e • om the end o f  0 tober to th e ond o f  the experi­

ment th Rd j u sted live we ight.s o !  she e p  graz1n t e high 

s to c  n rate re i n1 f1 cantly ( p<0 . 0 1 ) be t te r  than on the 

low stocking rat e . o wever ,  this  u per1 or1ty s no t f e s t ed 

in all cs tur s fro S ptember t the end o f  November as indi­

cated by t e re e c of a s i g  1 ficant in terac t i o n  be twe en 

P sture tro nt and s t o c  1ng rat e . • r ple : o n  pure 

co c .K:sfoot , sileep r z 1.ttg a high s to cking rate ere su perio r in 



1 

Anima l s  graz in c o cK s fo o t  as ture . 
Left ,  low s t o cld ng rat e ; ri ht , h igh s t o cking ra te . 

She e grazing 

( 11gust 1 967 ) 
l'.L TJ:; 8 

i t e  c l o ver high s t  c in r te . 

( ugus t  1967) 



TABLE 8a 

Analysis of variance of live weight 

Source Degr:oeea 25/5 8/6 6/7 7/8 7/9 5/1 0 2/1 1 27/1 1 
ot of 

't'ariation Freedom M. s .  K. s . M. s . M. s . M.s . M. S . M. s .  M • .S . 

Paature 3 . 78 20 .45 737.91 *"' 1 1 32 .22 ,.,.� 584.97 ;.!'" 1 59 .76 558. 66 � 1 688. 501 ** 

Blook 3 1 .93 1 59 · 74 ,- 39 .60 80 .03 23.1 6 95· 30 1 93.1 6 5.966 

Stocking Rate 1 86.88 469 . 86 :-:� 31 66. 68 �'-' 954-7- 51 '"''"' 1 3639 ·09 ,. .. 1 71 4.2 . 60 :-:1-' 1 561 4.00 ¥-� 1 1 738.70 !£¥-

Stocld.n! Rate 3 1 .08 21 . 89 20 .69 1 49 - 98 363. 50 ""'.:< 787. 56 �¥ 1 51 6 . 60  ¥-� 2037.43 ** 
x Pasture 
Residual 1 23 33.73 4.2 . 85 51 .88 68 .49 75.08 95.1 1 1 21 .94 1 54-. 22 

Total 1 33 



TABLE 8b 

ApalYsia ot Yarianoe of liveweight adjusted for liveweight at the previous weighing 

Source Degrees 8/6 6/7 7/8 7/9 5/1 0 2/1 1 27/1 1 
of of 

Yariation Preedom K. s . M. S . M . S . M. S . M. s . M. S . M.S . 

Pasture 3 27.05 655.08 1 39 .44 - 200.49• 297.03JIIl 327. 5()1B1 264. 56-

Block 3 1 75-78- n. 53a 1 06 . 66 1B1 1 1 7. 1 4-EII 1 85.46- 225.1 6Jdl 21 0.00• 

Stooldng Rate 1 1 86.1 6 1 369 .96 .. 1 229 . 60 - 485.40- 446 .  40!1!11 34.6 . 601111 280.70• 

Stocking Rate 3 1 9 .01 - 31 .1 7H!l 1 04.71 IDf 68.74-B 1 41 . 3QD 1 01 . 50 .. 51 . 56  
x Pasture 
Residual 1 23 1 1 .962 1 5.79 9 . 1 4  1 7. 22 25.25 24.76 27. 69 

Total 1 33 
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live weight t o  all low s to cking rate pas ture s in the September­

Octo ber period and superior to c o c ksfoot low s to cking rate until 

the end o f  the experiment . 

Co cksfo o t/whi t e  clover high s to cking rat e had be t t er 

live weight than the low s to cking rate in N ovember . 

Animals grazing white clover and p erennial rye gras s/ 

whi t e  clover at low sto cking rate had bet ter live weight during 

the whole experimen t a s  compared with the same pas ture s at high 

s to cking rate except in November. ( Table 9 b ) .  

It i s  interes ting to no t e  that the final live we ight 

of animals grazing pure cocksfo o t  under low s to cking rate had 

the same live weigh t o f  animal s on pure c o cksfo o t  at high sto ck-

ing rat e .  

6 )  i�ool growth 

Woo l  gro wth was as s e s s ed in terms of grea sy woo l  

weight 1 rom mid side patche s and weight per unit are a o ver t wo 

sampling period s .  The first , from th e 7th o f  July ( 1 967 ) t o  

t h e  7 th o f  September and the second from the 7th o f  September to  
2 

the 26th o f  �ovember. Wool growth per unit area ( gr/cm ) for 

bo th p eriods are sho wn in figure 8 a .  

To tal woo l  growth for bo th peri o d s  as  ass e ssed by the 

t o t al weight o f  wool removed from the patch and weight per unit 

area (adJusted for initial weigh t ) was greater on animals grazing 

white clover and grasse s/whit e  clover as  compared wi th pure 

co cksfoo t pasture. 



TABLE 9a 

Estimates of effect of £actors on unadJusted live weipht 

General !1ean 

Ba./Ac 

Bc/Ac 

Ac 

Be 

H igh Stoold.ng 
Rate 

Ba/Ac x 
Stocld.ng Rate 

Bc/Ac x 
Stocking Rnte 

Ac X 
S tocld.ng Rate 

Be x 
Stoold.ng Rate 

25/5 8/6 6/7 7/8 

. 1 0  . 70 2.1 2  3.65 

-.20 -1 .40 -2.91 -3.07 

-.04. ·34 5. 57 6. 10  

. 14 . 36 -4.78 -6. 68 

-.81 -1 .88 -4.88 -8.47 

. 1 7 -97 - 57 .28 

-.23 - ·55 - . 90 .06 

-.06 .38 -.41 -2.78 

. 1 2  -.80 -74 2.44 

7/9 

-1 . 1 1  

-1 0 . 13  

.82 

.92 

-4.72 

2.98 

5/1 0 2/1 1 27/1 1 

9<).05 1 02.32 1 1 0. 1 8 

- .70 -.96 -1 . 10  

.1 8 3.83 6. 55 

-2.41 -5· 50 -9. 85 

-1 1 .35 -1 0.84 -9. 39 

- .91 ... -2.1 6 -3. 53 

1 .1 0  1 .69 3.1 7 

-6.03 -7-94 -8.93 

5.87 8.41 9 . 29 

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

only. Low effect is ot the same magnitude but + or - ai gna  r.wersecl. 



TABLE 9R 

Estimates of effects of factors on adjusted live weight 

General Mean 

Ba/Ac 

B c/Ac 

Ac 

B e  

High Stocld.ng 
Rate 

Ba/Ac X 
Stocld.ng Rate 

Bc/Ac x 
Stocking Rate 

Ac X 
Stocking Rate 

Be X 
Stocking Rate 

8/6 6/7 

75.22 78. 64  

.61 

-.89 

. 38  
-.10 -4. 81 

-1 . 1 1 -3.1 5 

. 80  -.32 

- .40 -.41 

.44 -·75 

-.92 1 .48 

7/8 7/9 5/1 0 2/1 1  

n.81 88.24 1 01 . 1 8 

.41 -.  71 - .37 

.06 -.22 

.1 2 -2.66 

. 54-

-3.25 -2.33 -1 . 57 .65 

- .33 . 56  -1 .74 -1 .21 

1 .03 .87 .22 ·59 

-2.35 -2.1 6 -1 .47 -1 .84-

1 . 65 .73 2.99 2.46 

27/1 1 

1 08.26 

-.1 2 

2 .64 

1 . 65 

-1 .32 

1 .44 

-.84 

. 72 

Stocking rate and pasture x stocking rate are shown aa eftec'te of high stocld.ng 

only. Low effect ia t4 the aame magnitude but + or - signa J'tJ'I'eraed. 
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Animal s  grazing c o ck s fo o t  p a s t ure s w i th and wi thout 

clover had a lo we r wo o l  growth rat e during the fir s t  peri o d  under 

b o th s t o cki ng rat e s as compared wi th perennial rye gras s/whi te 

clover and whi t e  clover }l8. s ture s . ��ring tne second period 

b·)th co ck s fo o t p 1 g ture s "J.n der h i �h s t ·::> ckiE,s ra t e  :·re re SU !) e rl o r  

t o  rye gra.s s/whi t e  c l o ve r  and lofh i t e  c l over !)a s ture s . 

ffi1 eep a t  t h e  l o w  s to cking ra t e s grew si Gni fi c an tly mo re 

l¥.0 . 0 1 ) wo o l as co mpare d Ki th tl: ... o s e grazing 'i.t t ":. e  h lgh s t o �king 

rat e , in bo th peri o d s , as i s  s:1 o wn in the ana ly s i s  l' i' va.ris.nce 

and covarian ce in Tabl e s  1 0a � Gd 1 0b . Th l 8  e f1'ec t ...;a s  evid ent 

for al l p a o tures tre at.!D.ent s exc e :) t  fo r ?Ure co cks fo o t  pa ::: t�l.re in 

the se c o nd p eri o d , wh ere d i ffe renc e s  we re sm al l  as i s  sho wn in 

table o f  e ffe c t  o f  factors ( unad jus ted and ad j u s t e d ) on wo o l  

gru �.;th in  TaLles 1 1 a arLd 1 1 b .  

Di ffer e nc e s 1n �reasy fl e ac e  we i gh t  t e s ted by t h e  

ali aly s 1 s o f  e o  vari ance c o rrec ;; i 1 l  z :fo r Fei r; rt t _p e r  uu i t a r e �  at 

the b eginni ng o f  the experimen t are pre s en t�d in Tabl e  num ber 

1 2  and I.'igure 8b . Th e re s ul t s  nh o we d  th at the fl eece we ight o f  

animal s graz ing �.t l o w  sto cking r a t e  were sign i fi c antly s upe rior 

( p<.0 . 0 1 ) to th o s e a t  high s t o ck i ng .rate , al though d i ffe r e n c e s  

b e tween animal s grazi ng co ck si'oo t pa s ture a t.  l o w  and high sto cking 

ra�e " ere very small . 

Differen c e s  i n  fl e e c e  we igh t b e tl-Jeen pas ture ty pe 

were small at high s t � cking rate . At lo� s t o c ki ng ra te the 

fle ece weight o f  animals grazing per nnial rye gra s s/whi te clover 

co oksfoot/wh 1 t e  clo ver and whi t e  clover were con si s tently 



TABLE 1 0a  

AnalYsis of variance of 

Weight of wool per sample and Wei,j:lt per Unit area 

Wool wt. per sample Wool wt. per unit area 

Source Degr:oees 8/6 7/9 26/1 1 8/6 7/9 26/1 1 
of of 

variance Freedom M.s . M . s .  M. s .  x.s .  w..s . K.s .  

Pasture 3 37.45 308.47• 27.24 .0058 e02Zill- 0055.. 

Block 3 29. 37 1 03.96� 1 .41 .001 9 .0051 - .001 1 

Stocld.ng Rate 1 .02 1 056.40 .. 369.1 8- . 0004 .0751 - .01 66-

Pasture x 3 5·35 41 .49• 1 36.04.1. .001 4 .oo22. .0054.. 
Stoold.ng Rate 
Error 1 23 28.1 9 1 1 .41 1 3.32 .0024 .0007 .0008 

Total 1 33 

TABLE 1 0b  

Ana;lysis of cOTariance of weip;ht of wool per sample and weigb.t per unit area 

ad,1usted for weirot at the first sample 

Wool wt. per sample Wool wt. per unit area 

Source Degre&a 7/9 26/1 1 7/9 26/1 1 
of of 

variance Freeclom M.s .  K. s .  M.S. Y.s.  

Pasture 3 256.2Qar 1 70.491. .0101& .020� 

Block 3 98.SZ.. 1 31 .BQ. .005l. 0057 -

Stocking Rate 1 1 1 55.25. 789·4h .032Q. 0797 -
Pasture X 3 3lt.6§. 1 31 .<>&. ·OOZ...l. 0017 . 
stooking Rate 
Error 1 23 8.23 1 0.56 CXXJ7 0005 

Total. 1 33 



General Mean 

Ba/Ac 

Bc/Ac 

A� 

Be 

Stocld.ng rate 

Ba/Ac x 
Stocking Rate 
Bc/Ac x 
Stocking rate 
Ao x 
Stocking rate 
Be X 
Stocld.ng rate 

TABLE 1 1 a  

Estimate o f  effect of factors on unadjus ted wool growth 

Wool weight per sample 
( gr) 

1 st sample 2nd sample 3rd sample 
8/6 7/9 26/1 1 

24..229 1 2.794. 1 5.285 

. 939 2.1 53 . 555 

- .4.77 -1 .361 957 

. 838 2.91 5 -.883 

-1 .300 -3. 707 -.629 

-.01 2 -2 .81 9 -1 .666 

. 589 .988 .383 

-.1 90 -.661 .64.9 

-.278 -1 . 226 _,. 876 

- .1 21 . 899 1 .844 

Weight per unit area 

( gl'/cm) 

1 st sample 2nd sample 3rd sample 

8/6 7/9 26/1 1 

.261 .1 27 . 1 34-

.01 6 .01 7 .ooo 

.001 -.009 .01 7 

000 .027 -.01 4. 

-.01 7 -.035 -.003 

.002 -.024. -.01 1 

.002 006 .ooo 

-.003 - .011 .� 

- .007 -()01 -.01 7  

.oo8 .006 .01 3 

Stocld.ng rate and pasture x stocking rate are shown as effects of high stockin& 

rate only. Low effects are of the same magnitude but + or - signs reverse4. 



General Mean 

Ba/Ac 

Bc/Ac 

Ac 

Be 

Stocld.ng rate 

Ba/Ac ::x: 
Stocking rate 
Bc/Ac X 
Stocking rate 
Ac X 
Stocking rate 
Be ::x: 
Stocking rate 

TABLE 1 1 b  

Estimates of effect of factors on adjusted wool growth 

Wool weight per sample 
{ grJ 

7/9 26/1 1 

1 2.81 7 1 5.308 

1 .8,34. .257 

-1 .200 1 .1 08 

2.631 -1 .149 

-3.265 -.21 7  

-2.81 5 -1 .663 

.788 .1 96 

-.597 .708 

-1 .1 32 -2.787 

.941 1 .883 

7/9 

.1 27 

.01 3 

- .009 
.027 

-.031 

- .024 

.006 

-.01 0 

.ooo 

.004-

Weight per unit area 
{ gr/cm) 

26/1 1 

.1 34 

-.004. 
.01 7 

- .01 4 

.001 

-.01 2 

-.001 

.oo6 

- .01 6 

. 01 1 

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

lmly. Low effects are of the same magnitude but + or - signs reYersed. 



superior to pure c oc ksfoo t p as ture as i s  shown in Table 1 3  o f 

e stimate s effect s o f  fac to rs on fle ece weight . 

7 )  Wool length Growth iate 
Estimati on o f  monthly variation in wo o l  l ength growth 

:from measurement between d ye bands o f  animals grazing at high 

and low s to cking r at e  are sho wn in figures 9 and 1 0 .  

Wo ol length gro wth �ollows the cl as si c al seasonal 

curve o f  woo l  gro wth under bo th sto cking rate s . Th e minimum 

rat e o f  growth o c curred in July-Augus t  for all t re atm ents except 

tho se high s to c king rate animal s grazing white clover pas ture . 

For the se animal s the minimum was in Sep t ember-O c to b er . 

Wool l ength growth rate o n  animal s grazing at the lo w 

sto cking rat e was superior to tho s e  grazi� at high sto cking 

rate during the June-early November peri o d .  During Novembe r 

di fferen c e s  were minimi zed and in the c ase of the pure stand o f  

co cksfo o t pasture b etter growth was a t tained a t  h igh s to ckin& 

rat e .  

Low sto cking rate animal s grazing the whit e  clover 

pasture and the grass/clover pasture s showed better rate o f  

wool growth throughout the whole experiment a s  compared w1 th 

tho se animals on the pure co cksfoot stand . Under high sto cking 

rate this pattern o f  wo o l  growth o c curs only in June and end of 

Bovember . As the season progressed wo ol growth o f  animals 

grazing grasse s with and without clover b ecame supe rio r to 

white clover, the difference s  being greater in O cto ber. 



Tlilll.@ 1 2  

.Anal,ysis of covarianoe of fleece weimt adJusted 

::.;ource 
of 

variation 

L)G..:Jtures 

Dlo�:s 

8t oc!dng Rate 

L1:wtm·c x 
Stoc!:i.ng Rate 

Error 

Total 

for initial wei§ht per unit area 

De .:;re� 
of 

�'J:"aedom 

3 
3 

1 

3 
1 24  

1 ,34.  

Mean 

Squares 

9 .89 . .. 
7e03x 

1 20.33 " 

5.27 

2 .44 



TABLE 13 
Estimates o f  effect o f  �actors ::m adjusted fleece �·eight 

General �lean 

na/Ac 
Rc/Ac 
J1c 
Be 

S to eking rate 

I RA./ Ac X 
St'1c1dng rate 
Rc/Ac X 
S to cking rate 
Ac x 
Stockine rate 
Bc x  
Stocking rate 

. 339 
- .0 1 1 

. 21 °  
- . 546 

- . 838 

- . H 4  

- .  2f;F, 

. 6 1P 

Stockin.� rA t"' and pa�:> tu-re x � t J ck j  ng rate r-J.re shcn n as effe cts 

of high stocking .:mly. La\' effects a re o f  the same magnitude 

but + or - signs reversed . 
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An in t er e s ti ng aspe c t is that t h e  wo o l  l ength oro wth rate o f  

sheep grazi ng pe renni al rye gra s s/whi t e  clover pas ture at the 

low s t o cking rate was always superior t o  that of th e co cksfo o t  

and c lo ver and co cksfo o t  al o n e . Hov;ever ,  at the high stocking 

rate the cocksfo o t  p a s ture s  were sup e ri o r  from late Sa � t embe r t o  

m1d-Novembe r .  Thi s  s uperi o ri ty o f  co cksfo o t  b e c ame minimal 

by the end o f  Novemb e r .  

8 )  i\10ol Characteristics 

There was no si gni fi c ant d i ff e r e n c e  i n  quali ty 

numb e r ,  c h ara c t e r ,  soundne s s , mi d si d e  co l o ur and m i d s 1 d e  co t ting 

between pa s t ure s type s . Ho w e v e r ,  s t o cking ra t e  had a marked 

e ffe ct upo n all wa o l  ch ara c t e ri s ti c s  exc e� t fo r qual i ty num b e r ,  

as i s  shown i n  analy s i s o f  var i anc e i n  T a bl3 1 4 . Table o f  

e s t imat e o f  e f fe c t o f  f � c t o rs o n  wo o l  charact e ri st i c s  are pre­

se nt ed in T able 1 5 .  For charac t e r ,  soundne s s  and mid si d e  c o l o ur ,  

diff e r en c e s  re ach e d  a h i ghly s i gni fi cant level ( P<O . O l ) b u t  for 

mid side co t ting d i fferenc e s  we re le s s  signi fi c ant ( P<0 . 05 ) .  

�aara c t er , soundne s s  and c o t t ing we re be t t er o n  tho s e  

animal s gra z i ng at t h e  low s t o cking ra te , whil e  mid si d e  co lour 

wa s be t t er at the high s t ocking ra te . 

Sto cking rat e and pas ture s had s1gD1f1cant ( P<0 . 0 1 ) 

eft e ct s upon fleece colour. Discolourat1on of fl e ec e  was l e s s  

o n  animal s grazing a t  high s to c king ra t e . 

The are a o f  flee c e  howing oo t ting was wo rse on an1mala 



TAl.HJ!; 1.!t 

.linalyaiJI of vari� of •vool chETacteris ti� 

Midside Sample 
Source Degrees Quality Ch2..ra.cter- So;mdn r� s s  Colour 

of of 
'ienoe Freedom Number 

;'tf • .s . M . S . ?lf. s . fvt . s .  

Pasture 3 . 57 • 26 ; · .1 8 1 .40 

Block 3 4. J 2 •  i . 1 9 1 .76 1 . 73 

Stocking Rate 1 1 .2 5  :l . 71 • •  6 ) . 1 C·•• 8.23 * •  

Pasture x 3 4.Tt .  • 511- -/ .45 -:>..-;a 
Stocking rate 
Error 1 24  1 . 32 . 61 j . 20 . 9 5  

Total 1 34-

Cotting 

M . s .  

. 20 

3.23 * 

3. j3 *' 

. (;3 

• ��6 

Pleeoe 
Colour Cotted 

or ea 

Jl . S .  M. S • 

2 . 74 .91 

1 .\� .. 2 • .4 

2. j5 * - 35 

1 . 26 6 . 31 * 

. 75 1 .n 



TAnLE 15 

Estimates of e ffects of factors on �ol chara ctP.riRtics 

Midside Sample Fleece 
Quali ty Cotted 

Number Character Soundness Colour Co tting Colour Area 

l'..-eueral fi,E' ':ln 4.D . :?2 4 . 59 f, . 73 F- . 59 5 . 21 6 . 1 6 .  1 3  

Ba/Ac . 1 3 . 06 . 09 . 10 . 10 . 35 • 23 
Bc/Ac - .04 - . 02 -. 17  -. 25 .02 -. 17  - .00 
Ac .08 .08 .32  • 21  - .06 . 1 2 -. 1 1  
Be - . 1 7  . ... 

- . 24 -. 06 - 06 - . 30  -. 1 2 - .  ! £::. 

Stockinp.- rate .09 -. 26 -. 69 . 25  -. 1 6 . 1 4 - .05 

Ba/Ac x . 56 . 1 3 . 6 1 - . 1 1  . 1 0 . 71  . 63 
Stocking rnt� 
Bc/Ac X -. 23 -. 17 -.42 • 21 -. 1 7 . oo - . 4 2  
St0ddn,g- rate 
Ac x -. 17 -.00 . 1 2  - . 32 - . 05 - . 08 -. 1 2  
Sbckine r:1te 
Be x -. 1 6 .05 - . 3 1  . ?2 . 1 2 -. 1 9 -. 1 9 
S tocking rate 

Stocking rate and pastu::'9 x stocking rate are eho'tl!tl as effects of high stocking 

rate only. Low stocking effects are of the same magnitude but + or - signa 
reversed. 
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grazing white clover, co cl;:sfoo t/whi t e  clover and co cksfo o t  

pasture at high stocking rate . Thi s  effe ct o f  stocking rate 

i n  c o t ted area was no t sho\·m i n  pe�cenn1al rye grass/'h111te clover 

where higher scores were o b tained at the high sto cking rate . 
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V. �CU S S ION 

To t al and se a so nal pro duc t i o n  o f  dry ma t te r from the 

d i f ferent pa s ture s followed th e same trend fo r all p a s ture type s  

a t  both s t o c King rate s ,  wi th m i n i mum pro d.u c t 1 o n  1 n  Wint er and 

maximum produc ti o n  toward s the end o f  Spring . Und e r  l o w  s t o cl-c-

ing ra te gra s se s  wi th and wi th ou t  cl o ve r we re su 0 e r i o r  to pure 

whi te clover thro ughout the who l e e x p e ri men t . Th e s e re s u l t s  

are in agre ement wi th tho s e  o f  Se ars ( 1 9 53 ) and Bro ugham ( 1 955 ) .  

Si gni fi cant d i f f e ren c e s b e t w e e n  gra s s e s , wi th and 

wi thout clover o cc urred in July and No vem b e r . I n  July the pure 

c o c k sfo o t  pas ture was s u .; e rior to rye gra s s/wh i t e  clo v e r  and 

c o c :c s i'o o t/wh i te c lo ve r . Th i s  migh t be du.e t0 th e e ffe c t  o f  t h e  

ni tro gen a p � l ied t o  th e pure c o c k s fo o t  o a s ture in 1 ay an d t h e 

lo w ni t ro g en fixa ti o n  on t h e  mi x ed p a s ture s a t  t h i s  time o f  th e 

year ( Gi b  s o n  1 963 ) . .Rye gra s s/wh i t e c l o ver �H �re su n e r 1 0 r  to 

co c k s foo t p a s ture s i n  No ve�·tb er . Th i s  s u p erio r1 t.v d i s n l �yed by 

th e ry e gras s/whi t e  cl o ve r  p a s ture s ,  wh i c h  s t arted e arl y in th e 

season may b e  attributed to the dif feren c e s in til l e r number 

and growth of rye gras s ,  as com pared with co ck sfo o t ( ,U tchell 

1 956 ) .  Furthermore . as the s e a son progre s se d ,  and p a s t ure 

productio n  increase d , a marked pa t te rn o f  pat ch-graz i ng was 

no tic eable i n  all p a s ture s .  Thi s  charac teri s tic ·1·1a s  mo s t 

evident o n  th e cocksfo o t  pastur e s ,  where o nly 30% ( a ppro ximat ely ) 

o f  the plo t s  was graz ed . Vi sual as se s smen t o f  th e ungrazed 

pat che s ,  sho wed an accumul atio n  o f  sene s cent and d e ad mat erial 
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to a gre a t e r  e x t en t  in t h e  c o c k s fo o t  p a s tur e s  than in t h e  rye 

6ras s/wh i t e c l o v e r  pa s ture s . Thi s  a c c umul a t i on o f  sene s c e n t  

and d e ad ma t e ri al mi gh t have b e en re spo n s i ble fo r t he low gro w th 

o f  t h e  c o c k s i"o o t  p a s ture s ( Mi  t chell , 1 954 ; Hunt and Brougham ,  

1 9 67 )  t o ward s t h e  e n d  of t h e  experimen t .  

Th e nl tro g e n  ferti l i z e r a p _l)l i ed t o  the _k)Ure cocksfo o t  

pa sture i n  Au� u s t  i n  o rd e r  to ma in t ai n a pure s t n nd , app eared 

to mat ch the n i trogen co n t rl b u t 1 on from th e c lo ve r  o n  the 

eo cksfoot/whi te  clo v e r  p a s tu r e  :-md t h ereby re sul t ed in & simi lar 

pa t t ern o f  gro \J th u 1} tc th e b eginning o f  J'io vem b e r . Thereaf t er 

t l , e  ; J ro po r t i o n  o f  c l o ve r  i n  the c., c ir:: c f o c  t/"'hi t e  c l o ve r  J:l<.u� ture s 

t ended t o  d e c re A- se , d u.e rre s u.rnaLly to s e� l (� c t i  ve .:.:r:.tZ i ng and 

A ':>  n. rf:' !3ll l t t b. e  n i t roe;en c o n tri b u t i o n  

.:::-r,1 , . 1  t h e  l egurae pro ba.oly d e c l i n e d  B.c d l e ad , :: s  r 3 c o rd c d , t o  a 

lo we r  avc:t l l "l l) U i ty 'J .f'  pa � t '..l re t o ' .'��r'.i 'J t h e  eLJ. o �  th e �)cri o d  

e o  .n�)z.red ·.;1 t i l  tr":.e .. �ure e o  r. -c s  ! 'o o t s t 2.nd r e c e i  vine ?:J. i  t ro 13e n . Thi s 

po orer ;:;ro \,• t  .. 1 ra te o f  t h e  c o c k s f'o o t/wh i t e  c lo v e r  pa r-: ture and the 

ni gh er c;ro r; th ra t e  oJ ri Ure vlh i t e  c l o ve r p a s t ure s a t  t • : e end o f  

the trial pro bably exp l a i n s  th e non signi fi cant d i Jferen c e  re­

co rded b e t .-. ee n  tll e s e  t wo _tJa s tu re ty p e s . 

Und er high s to cxing rat e , d ry ma t t e r  p ro d u c t i o n  o f  the 

d i ff ere n t  p a s t ur e s  wa s much m o r e  vari able than und e r  l o w  s t o cking 

ra te . Th i s  o bv i o u s ly re fl e c t e d  the d i f f ering a b i l i ty o f  t h e se 

pa s t ures s p ec i e s  t o  wi th s tand the h i gh g raz ing pr e s sure . For 

example gras s e s  tri th and wi tho u t  clove r  were signifi can t ly 

superi o r  t o  whi t e  cl over during Winter ( June- Se pt ember ) exc ept 
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fo r rye gras s/wh,. te clover 1n 1\.u gust . Apparen t l y  wh it e  clover 

alone wa s  una b l e  to wi th s t and th e to t al enviro nm en t al impact 

and vi rtually '• co l l a psed " as a vi abl e pas ture . .U t h oup-h rye 

gra. ss/�,J.hi t e  c love r _o a r; ture sh0 wed a be t t e r  (:;ro wth fro m  J une 

O Tiiiard s .  c c c l{ s.foo t p a s ture s  a:rpe R.re d to be l e s s  d. e ;'re s sed 1n 

terms o .C d ry rnli t t e r  ava.U.a.b l e  up to th e end o f  1\u;.;u e t . This 

mRy b e  a t trt huted to the h i ?h rye rc e ntage o f  d e ad ma t t er pre s e n t  

i n  t h e  to tel dry ��t t er o n  the c o c k s fo o t  �a s tures ( Table 6 ) .  

?ro:::1 3<:: dAL1 b e r  to tr. e  end o f  the experlre en.t the rye grass/wh.1 te 

c lover t l.' C �! t 'rl �n t ,  u·r. d er  bo th s t ,.., c k i  ng ra t P. r,  t? h :'1  r,-1ed ��re a t er .r?ro-

d u c t i u n  th: ... :: t�e c o c k r, fo o t p a s ture s . On tne :J th e r  hand al though 

c �  c...;: sfo:.i t :n ;=: tu re s s t ·-:. rted to r�ro w e B.r'li er th�u� ti J  e ·l'.'b. 1 t e  o lover 

� :;. :; t ure , t h e : d1d n.:J t m si -rtta1. n tb el r sil ·, ;t:n'i::,r1 t;r o v e r  th e "':h i te 

c l o v er t:: t.h e same e x t e n t  n.s 1� the wi nt e r  Je r1 -_� d . Th i s  h 1 r;h e r  

e ro : · t� r,�_ t e  .-J .f ·..rh i t e  c love r ,  l .n  l a t e  S j rin •_,: � �d e :-1.rl.r ��u·;mer , 

c o mp � red � i t h  the ;ras e e s ,  1 s  �ro h ably due t o  t�e b e t t e r  tem oe ra­

tu.re G�l f1 d 1  tl. o n !'>  :,'.-) r  -;.:h i t o  c l o ver �roJ ��t•1 at t!'l i s  t1::w :::.�d h e t t e r  

:_\ t i l i s� t i  ) !l o f  l it.�h t e n e rf:,y ;-1l-J � r:  c 'Jn p -:-. r ed �·: i t '1  t "J e :) o orly-

!'Srazed s t P..nd o f  c o c :u ; fo o  t co n ta1 n1n.g e � c e s s l  ve d e ad and sene scent 

i.J. e rbnge . 

und er h18h s t o cking ra t e  the e f �e c t  o f  �rt1 f1 c 1 al  

�1 tro 3eil on th e c� cksfoo t t reatmen t was no t as evident as in 

l o w  s t o ck1n r at e ,  e s p e c i ally from O c to ber to t h e  e nd of the 

experiment , when compared ��th the growth of the cocksfoo t/wh i te 

clo ver pa s ture . 'rhle ight b e  due to the effect o f  the high 

grazing pre sur , which 1n cocksfoot/wblte clover d1m1ni hed the 
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competition fo r l i gh t b e tween c o ck s fo o t and c l over and h ence 

all o wed be t ter zro wth of the clover with h iJh er ni trogen fixat i o n .  

Th e e ffe ct o f  s t o cking r:=.�.t e o n  p:" s t ure pro d uc ti o n  �ras 

o b s e rved in bo th pas ture avai l ab i l i ty and pas ture gro ��h . The 

si gni fi c an t  differenc e i n  t o tal dry matter avai labl e in favo ur 

o f  l o w  s to cki n g ra t e  i s  s 1 m n l y  a r e fl e ct i � n o f  d i fferenc e s  in 

I>:  tt1 e c R s e  of ivllite 

clo ver , the nc r: R i t;ni f i c a n t  d i fference b e t 1 : e e11 s t o clci ng rat o 

d uri ng the Jc � t enb er O c to b er �eri o d  i s  consid ered tn b n  due to 

two :� o s si bl l i t i o s . Ei th er th e pro duc t i vi ty o f  : 1h i t e  clo ver, 

sho r t l y  2f t cr t h e  Win t e r  s tr e ss ,  w a s  h �rdly suf f i ci e n t  t o  me e t  

t h e  d e:u ;• nd G o ""  the anim al s e v e n  at t h e  l o � �  s t ,J ckint�  rate ( 6  

!'1heep/a;;rc ) o r  there wa s  2. t em. ·Jo ra:r-y ehe c . � t o  1vh 1 t e  clo v e r  

.�ro ·· · th c au sed b y  t h e  a�1 �) l i ca t i � n o f  \ve ed kill e.r i n  e arl_v Au(�u s t  

�ar t �. cal8.J.�ly � t  t h e  l o �v s t o  -,t: i n c:  r·1 t e , �··h e re c 1  :-J V Gr -,raf'l leafi er 

t h an in hl �h s : o cki n� ra t e . The effect o f  s t o cki ng r� t e  o n  

�a s t ure �ro �th was mo r e  no t i c eabl e  during S)rlng , whe re low 

sto eking rat e  p��i3 ture l13d better  t-c;ro ;.•th . ?.:!  1 s e f' fe c t  �·a s  mo st 

e·.,icle:::l t  on r.Ye gra s s/11.1 i '� e  c lo ver and pur e wh1 t e  c l .J ver �:1-s ture . 

The re wa s a ma rked var i a t i o n  in l ive �e1 �h t re s ponse 

to the d i fferent J1a s tur e s . Th 1 ., vari a t i o n  b e c ame �reater as 

tll e tri al pro gre s s ed . 

The analysis o f  vari an c e  sho wed that animal s grazing 

wh i t e clover pasture s reached a �rea ter l ive weight than animal s 

grazing the o ther pastures , fo llo wed by rye grass/white clover, 

co cksfoot/white  clover and co c k s fo o t .  Thi s superi o ri ty of 



whi t e  clover p a s ture s ove r �ra s s e s  plus c l o ver and pure grass 

llas b-e en d emo ns tr:.1ted b e fo re ( Ba.e ll ll· ,  1 963;  High.t and 

Sin cl air , 1 J6 5 ;  #1 l so n. , 1 966 ; Gal lagher ,ll l!l, . , 1 966 ) .  

7 t  

Tlw s e  r e s ul t s  tJ ·� re mo re e vi deat in anim:'l.l s -3ra z i ng at l o �>� sto ck­

i ng ra t e ,  �h e re 2�� ture avai l ab i li ty w�s no t a liroi t iog f a c t o r  

a t  any t i � e  0 f  th e e x p e rimental peri o d . 

2:J s si h l e  rnP-ch :lni srn s ··: : 1 1 c '1 ·n a v  b e  i nv� lved in t h e  

!l ir,h e r  l i ve we i .::;h t ;_; a i n  0 f  she e p  graz i ng d .1 m1 nan t Hh1 t e  c l o ver 

o r  �i xe1 � r � s s -wn 1 t a  c l o v e r  th an t�� s e  �razing pur e gra s s e s  

r,1 ere s �lbt;C � t e d  'b y  ,]:) Jl� s e t  al. ( 1 9 6 3 ) ,  .Thi l e :r ( 1 954 ) ,  Ulyat t , 

( 1 964 ) a n d  J o y c e  And N e �th ( 1 967 } . I t  h � s  b e e n  E' :l., . g 8 s t ed t h a t  

F1 e �1 l f!. - l er rhl. t ri t i ve val -:.1 e  c f  ·. h i t e  c l o v � r  1 �  •J o n t rn s t  to ,�!'a s s e s  

c )  a 1 d.  b e  e.x: . ,J  Fl i r. e d  t y  an e f f 3 c t  :: .1.1 vo lu!:; t g,r.v i n  t ::1:r.. e , a s  s o c i cJ  t ed 

-. - 1 t !l '.:! l1 _:.: , P;,; e s  1 n f e r;n e:J t a  t l  ) ll  r .3. t e , c s. r b a ;1yd r 3.  t e  co n t en t , and th e 

u t i l i s a t i 1 n  � f  n i t r o g e n  and vo l a t i l e  f e t ty ac i d s . Hi Jh.er i'ood  

t n t c'lr e s  ·: n , : ra s s  �'l u s c l � ver p a s : ure s t '.lan o n  .�ras s 0 n l y  pa s tures 

�t: a "'  fo und b y  G·ri rr.e s ( 1 966 )  and Gr1 Ji1 e S  e t  �1 . ( 1 966 ) re 5)o rt ed 

t rl �-tt t h i s ll i ,!:b P.r 1 n t 8  .. :C e , which Jro m o t <:> a  h i l�her l i v e  �r�e1 f,h t gain , 

�1as a s so c i c•.t e d �d tn  ll l t-:h e r  crud e ! 'ro t e i n  and lo �t e r  c e l J.ulo s e  

co n t e n t s . Und e r  h igh s t o cking ra t e , se a so nal c h ange s  1 n  live 

we 't sh t rTere ; re a t e r  due mai nly t o  l arge lo sc· e s  d uring rli:t:t er 

Hhe n  pas ture availA.b i l l  ty 'I>Ta S l O lV' .  Ho wever , l o s s e s  i n  live 

1-reicht ue:re no t aJ.- way s clo s e l y  rel a t ed vri th to tal J) a s tu.re 

avai labi li ty . 

A t e t t er rel a t i o n s hi p  o f  l i ve wei gh t  to gre en pas ture 

avai l able than to tctal pasture avai l abl e wa s found by Wi lloughby 



( 1 959 ) . Al tho u.2)1 the se re l a e i o nshi p s  ��� e r e  uo t d e t e rmi ned in 

tlJ.l s ex,tJ e riment l t i s  liKely- tha t the amo unt of green pas ture 

pr e se n t  \¥as th e cau s e  u f  tlle lo s s e s  in live w e l5h t by- animal s 

grazi n6 C() eK s..l·.;; o t lJ':>. s t u.r·e s  a s  c o illpc:..red .-. 1  th rJe �ra s s/w.l1i t e  

c l o  v·er d u:cillt?; July Au.gu s t p e .ri o d .  Co eLi: s 1' o o  t pa s t ure s during 

t�i s p e r i 1 d , h ad a gre � t e r  p e r c e ntage o f  d e ad m� t t e r  1n the 

to tal dry ma t t er a va i la b l e  :.l s C ') t'\ p ..ir a d  l·'i t.:.t rye Grc:. s s/vlli te  

cl o v e r  :J8 ':; t ure . 'I h i s e f fe c t  r: :l S  more no t i c e a b l e  i n  the pure 

c o c1:: R1 o o t •j;o. s tu re ·.·.·hi<� h c o n t a i n �' d  30,� o f  d e ad :.1 ·�. t t e r  i n  the 
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t o  tal d.r y  :Jt :::l t t e r  nv 8.i l B b l e , 1 r.  t � e  ea.rly ;:>?. r t  o f  th e �x p eriment . 

T 1 e  fe e t t h a t  a n L< ll �3 g raz 1 r1 .7 ·. 1b l t -:: c l o v e r  �) :t :::; ture s 

und e r  h i ��h s t r; c:: i r: .:.:;  r..., t e  d i d U :) t s t s>.rt. t (.1 �: :!i n � · c 1 t�1. t  UYtti l  

O c t o b e r , .··· e ::>. P t tt'l t t � e �� e  ::;.n i:ns>.. J ::;  sb : ·. ·ed l i ,�'J t e r fi r '.ll l i v e  

Ye i �h t . Ir'. th i s  c ::o s e  eh · ':': ':,; e s 1t1 l iv e  :'c i;;:;h t  .:..i:! L '  H e r e  mo re 

c l early r e l � t e d  tc p � s ture �v�i J �� i l i t y . 

ir,"J.:� June t ·_, Nove·T '!.: :J r  d l f f e r e l ' C 3 S  i n  l ive �;ei t· h t 

g2.i n b e t � c e n  s t c ck i nl� r2 t e  ·-�e re l r.  f�"\·o u r  :.:: :!:' s� e e p graz ing at 

lo �r s t o cl �i nc rc-1 t e  i t1  e l l t ':) � turc s cxc c -.: t .fo r ;-:ur e  c o c !c sfo o t . 

On c o c k. s fo o t  th e ( •.1.-;l.:! n t o cki n �  rEte �l .!:._ S  s u.  ·,• cri o r  J rem S e p t ember 

onward s . 

Du r i ng thi s peri o d  gre at differen ces i n  pa. s t ure availa-

bi l i t y o c cur . ( Plates 9 an d 1 0 ) .  I t  h a s been sugg e sted 

( Arnold , 1 964 ) th fl t  a s  th e amount o f  h erb age on o ffer d e creased , 

grfi. Zi ng time an d en ergy expended on gra zing pro bab l y  inc reased 

so th s.t a l th ough i nt Rke migh t b e  main t a i ned or increa sed , the 

maint enan c e  requi r em en t  o f  the animal s in crease d . The s e  
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Vi eH o l' t 1-o h igh s to c  -1. fl6 re:. e 1.:  ""' 1e t s . 
Le ft ,  wh 1 te c l  ve r ;  r1 �ht ,  c o c \sfo o t . 

e ft , l o l  

( Au.gu - t 1 967 ) 

CO CK 1 ' p � � U U . 
rate ; right , h i gh s to c  1ng rat e . 

( u ust 1 967 ) 



e ffe c ts might be more evi dent in Winter and may be the cause s 

o f  d ifference 1n live rreight . 

As the s eason progres s ed .,  an increase o f  sene s c ent 

13 

and dead material was no ti ceab l e  o n  the low sto cking rate paddo cks 

e spe cially in the co cksfo o t pas ture . Old and d ead mat erial 

has b e en ass o c i ated wi th a decline in nut ritive value ( ai t e ,  

John s ton and Arm strong ,  1 964 ; Heanay , Pigden, Prit chard , 1 966 ) 

and may limit voluntary intake ( Arno ld , 1 962 ) .  On the o ther 

hand under high sto cking rate the heavy grazing pre s sure over 

the pasture , maintained the pas t ure in green and leafy condition 

whi c h  has been a s so ciated wi th high nu tritive value ( Raymond , 

1 959 ; Reid ,  1 959 ) and increased voluntary intak e .  This might 

ac count fo r the supe rio rity in l ive weight gain o f  the animal s 

grazi ng cocksfo o t  from Se ptember o nward s which meant that final 

live weigh t s  were almo s t  the same as tho se at lo w s to cking rat e . 

The same trend o c curred in cocksfo o t/whi t e  clover pas ture s from 

the end o f  O c to ber and for rye gras s/white clover pastures by 

the end o f  November but to a l e s s e r  extent than in pure co cks­

foo t  pasture s .  

To tal greasy wo o l  growth ran ed i n  the same o rder a s  

final live weight under l o w  sto cking rate .  Und er high s t o cking 

rat e  difference s  in final live weight o f  animal s grazing grasse s 

and grass - clover pastures were small and the ranking of woo l  

gro t h  and live wei ht di ffered . Thi s ay be ex e c t ed in vi ew 

of the observations of Williams and Schin·ckel ( 1 962 ) th at live 

wei t and woo l  gro th do no t re spond at the same rate to change 

• 



74 

in the nutri tio nal s t atu s .  

Sheep graz i ng pure whi t e  c lover ,  rye gra s s/whi te c lover 

and cocksfo o t/whi t e  clover p a s tur e s  grew si nifi cant ly ( P  0 . 0 1 ) 

ore wo o l  than tho s e  animal s grazing pure co cksfo o t . The se 

d ifference s were no t evident a t  high s t o cking rat e . Similar 

re sults were al so found by Gallagh er � �· ( 1 966 ) when pas ture 

avai labili ty was n o t  a 1 1m1 ting fac t o r .  

Woo l  productio n wa s signifi c an tly reater ( P  0 . 0 1 ) at 

th low s to cking rat e .  The d ifferenc e s migh t b e  attri buted to 

difference s in pas t ure avai lab ility. 

evid ent in the whi t e  clover p a s ture . 

Thi s effe c t  was mo re 

Seaso nal vari ati on in woo l  growth as e a sured by 

reasy we igh t of the mid side s ampl e wer e  l e s s  o n  animal s grazing 

at l o w  s t o cking rat e . 

( 1 969 ) .  

Thi s  agree s  wi th re sul t s  o f  SUmner 

Seaso nal vari ati on in wo o l  gro wth on ani al s grazing 

at low s to cking rate vary be t\;een p a s ture type s . Variati o n 

in s e as o nal wo o l  gro wth may ari s e  from vari ation i n  the amount 

o f  foo d  eaten , the nutri tive value o f  the fo od and dige s tive 

and ab so rptive effi c i ency ( Schinck el , 1 960 ) .  c Farlane ( 1 965 ) 

found a re lation b e t ween s e a s o nal wo o l  gro h and available 

green fe ed . In th e present experiment , i t  i s  co nsid ered unl ikely 

that gre en pasture avai labili ty resulting in l imi t ed int ake was 

a factor in causing differenc e s  in the seasonal variati o n  1n 

wo o l  gro h b e twe e n  pas ture s at lo w s t o cking rat e .  How ever 

i t  i s  po s sible that di fferenc e s  in dige s ti b i l i ty b e tween pasture s 



might b pr eut . Thu s  co ck s fo o t pasture have be en fo und 

( ing s bury , 1 965 ) to h ave po o rer dige stibi l i ty than rye gr s s  
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e s p  cially d uring int er . Thi s  may acc o unt or a reduc tion in 

voluntary intake ( Blaxter !!! J!!. 1 96 1 ) o f animal s  grazing the se  

pasture s . Joyce and ewth ( 1 967 ) on the o th er h and fo und tha t  

sh eep f e d  wi th whi t e  c love r  at e 34% mo re crude pro t e i n  an d  �ro ss 

energy than sheep fed w1 th perennial rye gras s . Woo l  pro d·u.c t i o n  

w�s gre at r in ani a l  fed th whi t e  clo ver a compared wi th 

tho se fed wi th perennial rye gra ss . 

Di fferen c e s  in s e asonal Tool growth betwe en co ck sfoo t 

pa sture s , wi th and wi tho u t c l o ve r ,  may be a t tributed to the 

pre s ence of clover in the cocksfoo t/whi te clove r pasture . 

At the hig ' s t o cki ng rate se o.so nal fluc tuati on was 

grea t e r  \ihere sh eep were sub j e c t ed to extreme s o f  go o d  and 

po o r  nutri t i o n  i . e . fo r she e p  grazin; whi t e  clover pasture s .  

Although th e d i ffe renc e s in length growth me a sure d  by 

the dye- banding t e ch nique were imi lar to re sult s  d e t e rmined by 

we ight o f  wool , the ac cur cy of thi s t e chnique i s  limi ted . 

h e  dye did no t have the same e ffe ct in all types o f  

wo o l . In gen e ral th c o arser wo o l s d id no t s tain well whi ch 

d e  the very difficult to me asure .  Th differen ce s in fibre 

growth r wi t in the s t  pl , and differ en c e  in cr1 p betwe e n  

she p e ant that measur an t s  w re di f ficult t o  co 1 pare . FO r  

the se reaso n s  the re sult s were e t  s tati s t i cally ysed . 

Ho ever th finer o o l s ,  parti c ul arly when differen c e s  in 

quality numb r be t een ani al s are no t gre at t: is t e e  nique 
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ould be u s e ful e.s i s  shown in pla t e s  1 1  and 1 2 . 

Stocking rate wa the main effect on wool character-

1 ti c s .  The d ifference s in soundne s s  in favour o f  lo � to ck1ng 

rate fle e c e s  may be attributed to differenc es in nutri tio n i 

the int er period which reduced fi bre d iame ter ( Co o p , 1 953; 

no l d  e t �. , 1 964 ; Sumner, 1 969 ) . 

The high tock1ng rat e d i d  no t affec t mid si d e  co t t1ng 

to  th e  same ext n t  as i t  did t o ther charac t ers . Differences 

in c ores for the c o tted area between high and low sto cking 

rat e  flee ce s did no t reach signific ance .  Thi s  lack o f  signi­

fi cance can be attri buted to the better scores o bt ained on 

animal grazing ry e  grass/whi te clove r  at high s to cking ra t e . 

Thi s  would also explain the si gnifi cant pasture and s t o c  ing 

rate inter cti on .  

The b e t t er sc ore s  fo r co lour at the high sto cking 

rate are pro bably attributable to th e length of  th e a s ture s 

e t t i ng the fle ece s .  

The highly signifi cant de pre s i ng effe c t  o f  the high 

sto ckin rat e on c haracter i s  surpri sin since thi s i s  usaally 

considered to b e  a char c teristio larg ly d te rm1ned by "her -

di tary,. f c to r • 

The signific t bl ck ffe ct o n  quality n b r d efi e 

expl anation and i a  probably the re sult o f  an accid ent 1n 

r domis tion . 



1 1 

3 mo nth wo o l  gro wth . 
An im 1 ra zi ng c o ck s fo o t  high s to c �1 ng rate . 

( Sep t e  b er 1 967 ) 

p 

3 ont oo ro �h . 
1mal raz 1n 1 t e  clover high s to c  1ng rate . 

( Septemb er 1 967 ) 



- V  I .  SU-e' ;,.IAJ!'! 

In a randomi sed blo c�� exp e rimen t 1 1i t i1 four b l -) c k s ,  

rye Gr<lss/v;hi t e  clover , e o  ci.wfoot/\'lhi t e  clo ve r ,  e o  c ,..:sfu o t  and 

uhi t e  clu ver pa s t ure s 6raz ed a t  two s to c.t.:iH$ r:1 G e s  ( l o w - 6 

she e p/acre and high - 1 3 . 5  •3h e e p/acre ) J o r e  ...: .J ...l)rlred i n  'l# erllls 
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o i  } a s t ure avai l ai.>ll i ty ,  pas ture 01'0 ilth and. cr1zu1ge s in bo tani cal 

COIDlJ O  Si t i 011 . T h e  live ; . a i �ht gai n and 1,-::; o l  .)ro d uc tion o f  

f'a s t ure _ _.rnd :.. c ti 0 .!1 , TtiC � ;;u.l' C d  !_� s  _ :.;. �: t ;J.re avai l ab i li t y  

an d  gro 1, th , o f  �r::t s z  � s  · . . 1 t �  ·:;.nj · · 1  th J :J. t  c l o v o r  ·.-.• n s  s i .;ni fic antly 

( p < O . 05 ) 6r c 3. t e r  ti-.a.r. ,.J ure ·.;hi te c l o ver urd er t 'l e  l o 1.; s to clcing 

ra t e  exc e� t fo r co chsfoo t/ .�i te  c le ve r  ) a s ture at the end o f  

Sp ri ng . 

•·, e re si6!li ;·i c an t,  ( p<.) . 05 )  .::.t r· L -..; t:1 e · . .-�h t er .J G l'i J d  and o nly 

ry e t;ra s s/...,Ihi t e  clovei' \.Y2 S  S Uf e ri o r  t o  \ihi te c l o v e r  to 1� ard s the 

end of S_t>ring . 

Co c ,  ... sfo o t  pasture s pro duc cC:. oli�h tly rr.o re than rye 

gra s s/�;hl te elo v e r  d uring tha :iLl t er period and rye gra s s/i..;h1 t e  

c l o v e r  a s  sup e rior to the c o c �sfo o t  p � s ture dur i ng Sp ri ng und er 

bo th s to c �ing ra te s . 

To t al p a s ture pr uduc t i o n  wa2 signi fi c an t ly ( p<0 . 0 1 ) 

h i gher und er l o w s to cking ra t e  for all pa s ture s  exc ept for uhite 

clo ver pa s t ures over the Se p t ember- O c t o ber p eri o d . 

The gras s compo nent o f  the mixed p a s t ure s i nc re ased 

pro gre s si vely thro ugh the experimen tal pe ri o d . De ad matter 



ac cumula t i o n  was c o n s i d erable und e r  l o K  s t o cked c o c k s fo o t/ 

whi t e c l o v er and c o c ksfo o t  p a � ture s wh i l e  i t  reill ained a t  a 

lo wer l e vel fo r o ther p a sture typ e s irre s p e c tive o f  s t o c ki n3 

rat e . Inv�si o n  by we e d s wa s high e s t  i n  c l o v e r  p a s ture s 

e s p e c i al l y und er high 3 t o cking ra t e . 
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Live He i gh t  gai n and wo o l  prJ d tl ction  J f  animal s gr azing 

at the l o w  s t o c king ra t e  were gre a t e r  i n  th J s e 2n ima l s  grazi ng 

-whi t e  clo ver fo llo y;ed by rye gras s/wh i te c l o ve r ,  e o  c :r sfo o t/wh i t e  

clover an d c 0 c -:s :f Jo t . Un d er h i gh s t 1 c r i n 3  rat e ,  p a s ture e f fe c t s  

o n  animal pro d u c t i o n  we re n lo s e l y  rel a t ed t · l ) � s t �r e  availab i li ty . 

Live ,,-eiGht e;r-:n1th and 1-m o l  ;.H'0 d uc t 1 o n  '. ,·e re signi f i ­

c an t ly ( p <0 . 0 1 )  gre a t e r  i n  anim a l s gra z i ng R t  t� e l o 11 s t J cking 

rat e , fo r �1 1 p t s t ure t r e a t � ent e xc e p t  f o r  p ure c � c � s fo o t 

pa s t ure s  \ ,h e r e  d i fferen c e s  in final l i ve r,, ei._:h t  and to t ·1l l;;o o l  

p ro duc t i o n  were sma l l  . 

An i :nctl � gra z i n g  pur e c o c k s fo o t  p 'l s t ure s und er h i gh 

s t o c 'ci ng r "l.t e hA.d b e t t e r  l i v e  w·e i ght gai n s  fro r::J. e arly Spri ng 

to v ard s  th e end o f  t h e  ex periment , a s  c o ;:nparE!d �d t h  an imal s 

graz i ng c o c k� s .fo o t at l o v  s t o c £1 ng rat e . Sn e e :p  grazing co cksfo o t/ 

wh i t e  clover p as ture s und e r  h igh s to cking r ·:tt e s  h ad be t t er live 

wei zh t  gain from O ct o ber t �  th e end Jf t h e  exp erim en t . 

Seasonal variations 1 n  wo o l  gro l-rth were mo re marked 

on animal s grazing at  the high s t o c king rate . Sea sonal variations 

1n wo o l gro wth on animal s graz ing a t  low s t o cking rate , were 

�ess in the whi t e  clover and rye gras s/wh i t e  c l o ver p a s ture s 

as compared with co cksfoot/wh1te clove r and co ck s fo o t pasture • 



T h e  fle e c e s  fro m  she e p 3 ra z i ng at l o w  s t o cking r a t e  

sho w ed le 8 s t  t end ern e s s  and co t t i n g  than tho s e  from sh e e p  at 
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a h i gh s to c ki ng ratp . The c o l our h o w ever o n  the f l e e c e s  from 

she e p  a t  hi gh s t o ck i n g  ra t e  wa s be t t e r  than tho se from t h e  l o w  

s to c k in� rA t e . Th e e f fe c t  o f  p a s t ure t r e atm ent s o n  t h e s e  

chnrac t e ri s t1 c s  o f  t h e  f l e ece was negligi ble . 
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