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ABSTRACT 

A t r ial  wa s c on duc ted to inves t iga te the  effec t s  that 5 dif f eren t  

win t er gra z ing sys t ems had on some wool charac t er i s tic s o f  pregnan t 

N . Z .  Romney ewes . The gra z i ng sys t ems we r e : ( T 1 ) swedes on a da i l y  

break ; ( T2 )  three weeks hay , three weeks swedes on a weekl y b r eak; 

( T 3 )  swedes on a daily b reak providing 7 5% o f  the ra t ion , ha y daily 

prov id ing 2 5% o f  the  ra t ion; ( T4 )  pas t u r e  on a da ily rota t ional b reak; 

(T5 ) p a s ture under s e t -s tocking . The t r ea tmen t s  were app l i ed for  6 

weeks be tween mean days 7 4  and 1 1 6 o f  g e s t a t ion . 

Feed intake s  were higher on pa s ture t han on swede crop trea tment s .  

Mean period intakes were : 0 . 68 ,  0 . 5 9 , 0 . 8 4 ,  0 . 9 ,  1 . 68kg DM/ ewe/ day 

respec t ively for t he 5 tr ea tmen t s, T1 to T 5 .  

Pa s t ure a s  a winter d i e t  proved t o  be  superior to  any o f  the three 

fo rage crop ( swed e )  va r ia t ions o f  win t e r  grazing for cha rac te r i s t ic s  

associa t ed w i t h  wool growth ra t e .  D i f f erenc es were found b e tween 

ro ta t ional graz ing and s e t-s t ocking b u t  nei ther was better over aJl 

charac t ers a s s e s sed . 

Mean f ib r e  diame ter changes over t he 6 week treatmen t p e r iod were : 

T 1 , 3 2  to 2 7 . 3�m; T2, 3 1 . 2  to 24�m; T 3, 3 1 . 8  to 27 . 4�m; T4, 3 3  to 3l . 6�m; 

T5 , 3 1 . 7  to  3 3 . 2�m. Correspond ing w i t h  the s e  f ibre diame ter changes , 

t ens i l e  s t ren g t h  t e s t s  indicated tha t s tap les  from forage crop trea tmen t s  

were weaker t han tho se f rom pas t ure ( 5 .  7 9  v 9 . 2 2 kg /g/ cm ; p < 0 . 00 1 ) . 

Subj ec t iv e  soundness grades followed a simi lar pa t t ern . B reak usua l l y  

c o inc ided wi t h  the change from t h e  crop  back to pasture a t  the end o f  the 

t r ea tmen t  p e r iod . Hay wi th swedes t ended t o  increase t he t en s i l e  s t rength 

( 6 . 2 5  v 4 . 7 5 kg/ g/ cm) b y  comparison t osNedes a lone. 

Cl ean weight o f  woo l per un i t  a r ea wa s a t  least 300mg/ cm
2 

grea ter  

on pasture t han on  forage crops  over  the s ix weeks (p<0 . 00 1 ) . 



Woo l  produc t ion f rom ol der ewes (? 5 yea r s ) was mor e  s t rongly 

influenced by win t er graz ing t han that of young ewes . 

i i i  

Ewe s b e a r ing s i ng l e  lamb s produced mo re woo l  per un i t  area {p<O.OS), 

had grea t er f ibre d iame ter (p<O.OS), soundn ess  grade ( p<O.OS), t ip grade 

( p<O.OS) and charac t er grade ( p<O.lO) than those bearing twin lamb s .  

O ther charac ter i s t ic s  measured were : f ibre l eng t h ,  quality number , 

s taple l eng t h ,  cr imp f r equenc y ,  hand l e ,  lus t r e, c olour and co t t ing . 

Insu f f i c ient numbers o f  anima l s  involved in the lamb p roduc tion 

da ta meant l i t t l e  s ign i f icanc e could  be a t tac hed to the r e su l t s  obta ined . 
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l. 

INTRODUCTION 

One o f  the p r inc ipal  faults in New Zealand wool i s  tenderness  o r  

br eak ( Ro s s , 1 9 60) . In a survey o f  New Zea land woo l s, Hend er son 

U955) found that 4 0-50% o f  the f l eeces had a b r eak , the inc idence 

inc r ea s ing with qua l ity number . There were other faults such as cotting , 

yo l k  stra in, and d ingy woo l , wh ich were as soc iated with br eak . 

o f  the se faults are sec ondary to the formation o f  a br eak . 

Many 

In 1 9 6 7 ,  on the in stigation of the N ew Zea land Woo l  Boar d ,  the 

Southland Wool Qua l ity Improvement Committee ( S.I� . Q.I.C . )  was formed . 

In the 1 9 6 6/6 7  wool sea son, the New Zea land Woo l  Commission had to 

purchase 58% o f  the Southland cl ips. Thi s  pro portion wa s the highest 

for any a r ea o f  New Zealand and it wa s thought that tend erness was a 

factor ( S . W . Q . I . C . , 1 9 7 0 ) . The woo l  trad e at that stage , wa s showing 

l ittl e interest in unsound woo l s  as  against sound woo l s ,  and sound woo l s  

showed a premium o f  u p  t o  7c  per lb . The role  o f  the Committee uas to 

inv estigate reasons f o r  and po l ic ies to overcome this tendernes s .  

Some farms in New Zealand rely  heavily  on fod der crops for winter 

feed ing , whereas others rely solely on fresh and cons erved pa sture . 

Relatively l ittl e  is  known o f  the e f f ects o f  w inter graz ing systems on 

pregnant ewe wo ol production . However , it i s  well estab l i shed that the 

rate of woo l  growth i s  in fluenc ed by the plane o f  nutr ition ( S chinck el ,  

1 96 0 , 1 9 63) , although sea sonal (Hutch inson and Wodz icka , 1 9 6 1 ) and 

breed d i f f erences do o c cur ( Doney , 1 964 , 1 9 6 6 ) . 

On thi s  basis this  trial wa s s et up to inve stigate the result o f  

f ive winter grazing systems on woo l  production and woo l  character istic s  

o f  ewes over the mid pr egnanc y per io d . The two fodder crop grazing 

systems , e ither with o r  without hay ,  were s een as the two most common 



2. 

methods of fodder f eed ing in the f ield . The trea tment where hay was 

provided during the ini t ial  three week per io d  and then swedes for the 

rema ining t hree weeks were Qnvi saged to repres ent a s i tuat ion where the 

' 
fodd er c rops growth had been poor due to any o f  a var iety o f  reasons, 

hay b e in g  f ed on a sac r if ice paddock in the ho pe for mor e  swede growth 

over t im e . 

The two pas ture grazing trea tmen t s  opted for were cons idered t he 

ma in system s  being used in New Zeal and at present for this per iod . 

Feed budgeting as  proposed by Mi l l igan and Mc Connell ( 1 9 7 6 ) for pa s ture 

graz ing , was carried out under a l l  treatmen t s  to  a grea ter or lesser 

exten t ,  in  the desire t o  achieve s imilar ewe vo luntary f eed in takes . 
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3. 

REVI EW OF LITERATURE 

In studies o f  an imal production f rom any system o f  gra z ing 

mana gement it i s  d i f f icult to d e f ine the l imits to which a r eview 

of l iteratur e shoul d  extend to g ive adequate background info rmatio n . 

Principl es from b oth agronomic and an imal husbandaries are involved 

in thes e stud ies. The ma in f eatures o f  the trial thu s dec ide the 

rev i ew l imitations. 

W ithin th is tr ial it is  conceiveabl e  that of the many var iab l e s  

mea sured , any one by itsel f, could be c l a s s ed as highl y important and 

be in its el f the so l e  purpose for carrying out the trial. It wa s 

deci d ed that woo l  production from the graz ing systems was to be the ma in 

consid eration here . Thus , with in the rev i ew ,  sections involving f eed 

intake and lamb production are covered onl y  broa d l y ,  and not in the 

detail of Section B on woo l  production. 

A.  THE ESTIMATION AND CONTROL OF INTAKE OF GRAZING SHEEP. 

( 1 ) The Estimation of Intake in the Gra z ing Ruminant 

Desp ite resea r c h  efforts in the last 3 0  yea r� the techni ques o f  

gra z ing intake measurement that are ava ilab l e  stil l appear inadequate. 

This l imits the prec i s ion w ith which grazing stud ies can be interpr eted . 

Measurement tec hniques fall  into broad categor ies based on their  

eas e  of  a s sessment. Tho se not requi r ing laboratory analyses inc lud e 

pastur e sampling and animal weighing techn iques . Thos e  requiring 

laboratory analyses r evo lve around the estimation o f  faecal output and 

f eed digestibility. The former type are the main consideration her e .  

(i) Pasture Sampling 

All pasture s  a r e  dynamic , with vary ing rates o f  growth , maturation , 

senesc enc e ,  b reakdown , and consumption b y  various herbivores . Cons equently 



the 'd i f f er ence ' method whereby pasture intake is equa ted  w i th the 

d i f f erence between the yield of pasture b e fore and after  gra z ing i s  

no t prec i s e .  Thi s  techn ique,when app l i ed under a ' s t r ip ' grazing 

4 .  

regime,is r easonable  as  the d i f ference b e t ween the yield es t ima tes is 

large and pas tur e g rowth dur ing the period o f  graz ing i s  smal l  (Raymond 

1 9 6 9 ) . However, b ecause cons iderable growth usually o ccur s dur ing 

longer gra z ing periods this is no t a sa t is fac tory means of e s t ima t ing 

in take under a s e t  s tocking pol icy . Pro t e c t ion o f  areas f rom graz ing 

al lowed intake to be estima t ed from the d i f ferenc e be tween the herbage 

yiel d s  of caged and gra zed area s  sampled a t  the end of graz ing . 

Dif f e renc es in the rela t ive growth ra t e  o f  pro t e c t ed and gra z ing areas 

have been found ( Cowl ishaw, 1 9 5 1 )  and these can be majo r sources o f  error 

in e s t ima t ing ' in take ' . 

Problems o f  ma tching graz ing height with  cut t ing he ight and a l so t he 

uneveness o f  pasture  growth over an area t end to increase the impreci sion 

of t h is techniqu e .  

Bas ically this technique measures the d isappearance ra ther t han t he 

con s ump t ion o f  pas ture . Disappearanc e o f  pas ture may have several 

componen ts ( e . g .  t ramp l ing , dea th ,  dung p a tches, insec t s  and roden t s ) , 

which ' consume ' p a s ture over and above the an ima l (Frame, 1 9 7 6; Wade, 1 9 7 6 ) . 

Thus , even i f  yiel d measurement s are taken wit h care and prec i s ion, intake 

o f  the graz ing an imal under a cont inuous o r  set-s tocked pol icy will t end 

to b e  overes t ima t ed . 

Intake i s  norma l ly mea sured on a group ra t her than on an ind iv idua l  

bas i s  b y  this me t hod and even when t ight control o f  bo t h  animal and 

pas tu r e  is pos s i b l e  the coef f icien t  of var ia t ion of dry ma t te r  (D .M. )  

consump tion can eas ily exc eed 2 0% (MacLusky, 1 9 55; Corbett and Greenha l gh , 

1 96 0) . 
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( i i )  Animal Weighing 

This method o f  estimat ing intake has only recently been in vogue 

eve n  though Eri zian ( c i t ed by Allden , 1 96 9 ) , some 43 years ago sugges ted 

i t s  use . Thi s  t echnique ha s been used to measure intake over periods 

o f  a f ew hour s t o  allow the ra te o f  ea t ing (Al lden , 1 9 62 )  or d iges t ib i l i ty 

o f  the pasture (Allden , 1 9 6 9 )  to be  d e t e rmined . 

Three fac t o r s  dictate  the va lidity  o f  an imal weighings : human error , 

the prec is ion o f  t he mach ine ,  and how accurately apparent change in 

animal l ive weight represen t s  real change in the weight of  the carca s s . 

With  ruminant s ,  t he con t en t s  o f  the rumen and reticulum can be  a t  l ea s t  

1 0- 1 5% o f  the to t a l  body we ight , and t h e  con t en t s  of  the res t o f  the gut 

may add ano ther 2-3%  ( Hunga te  et  a l . , 1 9 5 9 ) . Fo r example , the s tomach 

con t en t s  of  a very full lamb off pa sture can we igh 3 . 6kg , or  about 1 3- 14 %  

of  t h e  animals  l ive we ight ( Kirton et  al . ,  1 968 ) , but o n  high roughage 

die t s ,  the percentage can be much grea ter . For exampl e ,  four hours af ter 

a meal of  hay and concen t ra t e ,  the con t en t  of  the whole al imen tary tract 

of  ewes was found to be 23% o f  live weigh t . A further four hours l a ter , 

gut con tent was s t ill 1 5% o f  live weight ( Boyne et  al . ,  1 9 56 ) . Tha t 

is , 8 . 7- 1 3 . 7  kg o f  the apparent l ive weight o f  these 58  kg sheep was 

food ma ter ial pas s ing through the body . Wool and foetal growth over 

a p e r iod may also change l ive weights ( \fheel er et al . , 1 9 7 1 ;  Kirton , 1 9 7 3 ; 

Hughes , 1 9 7 6 ) . 

At  any par t i c ular t ime , the amount o f  dige s ta and water in an animals  

gut  depends on  the quan t i ty and qual ity  o f  the  f e ed on  o ff er , on  the  amount 

of i t  eaten , on the t ime elapsed since the animal last f ed ,  and on the 

rat e  o f  use o f  food by-produc t s .  I t  a l so depends no t only o n  the 

app e t it e  of  the animal but on the extent to  which grazing management allows 

app e ti t e  to be sa t is f ied ( Hughes , 1 9 76 ) . 

Qual i ty o f  f e ed has an impor tant inf l uence on the weight o f  dige s ta . 
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Diges t ib il i ty o f  the rat ion has been shown to have a much larger effect  

on  the  amount of  rumen cont en t s  than e it her t ime elapsed s ince  f eeding , 

or p lane o f  nut r i t ion ( Emery et  al . ,  1 9 58 ) . Succulent , highl y  

dige s t ible  foo d s  were found i n  smaller quan t it y  and to have a short er 

r e t en t ion t ime in  the rumen than f ibrous food o f  low diges t ib i l i ty 

(McLean et  al . , 1 965 ; Forbes and Boaz, 1 965 ) . Thus , the s t omach 

cont ents  of animal s  on high-quality fodder should add l ess  to  l ive 

wei gh t  t han t ho s e  on poor-qua l i ty f e ed . 

( 1 9 5 7 )  confirms this . 

Ca t tl e  da ta o f  Balch and Line 

Within one paddock the d igest ibil i ty of forage ea ten can vary with  

the grazing pressure on the pasture (Hughes , 1 9 76 ) . For instanc e ,  i f  

amp l e  pas ture i s  ava ilabl e ,  an an imal wi ll  sele c t  a diet  higher in 

dige s t ibil i ty t han the average dige s t ib i l ity of green mat erial in the 

pas ture . 

Conversel y ,  i f  graz ing pressure on the herbage is high , as  in the 

case of rota t ional graz ing , the animal is forc ed to selec t a d ie t  

con t a ining some d ead plant t issue and generally o f  lower d iges t ib il i ty 

than the avera ge (Hamilton et  al . , 1 9 7 3 ) . I t  fol lows that over a 

per iod of t ime a t  high s tocking rat e , i f  feed supply declines and gra z ing 

pre ssure increa s e s , the average d iges t i b i l i ty of forage intake decrea se s . 

Thu s , each t ime animals are  weighed the quan t i t y  and qua l i t y  o f  pas t ure 

ava i l able needs to be compared between groups and with previo u s  

weighings to g iv e  mean ingful resul ts (Hughes , 1 9 7 6) . 

Day to day c hanges in gut f i l l  and l ive weigh t  may no t only be  due 

to external envi ronmental influences , l ike food supply , but  to  internal 

animal factors. Chance d i f f erences in daily behaviour of ind ividual 

anima l s  in intake or graz ing p eriod have resul ted in s tandard devia t ions 

o f  4 . 5  kg f rom r egressions of  l ive weigh t change in individual c a t t l e  

(Gre en et  al. , 1 95 2 ) . Sheep data are  lacking. 
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Hughes ( 1 97 6 )  f ee l s  t hat  by appro pria te  management day-to-day 

var ia t ion in l ive weight can be reduced  to about + 0 . 7 5% of l ive weight. 

( ii i )  Faecal Output :f-.echn ique 

Faecal ou tput measurement can be e ither by to tal co l l ec t ion o f  

faeces or b y  the use o f  external marker s . Animal behavioural changes 

o f t en introduce  bias into  the level s measured ( Hutchinson, 1 95 6 )  when 

to t a l  collec t ion is conducted .  The u s e  o f  Cr2o
5 

marker and g rab 

sampl ing o f  faeces  is the mo st common t echnique used . Diurnal 

fluc tuation s in faeces l evels be tween anima l s  and between days 

(Lambourne and Reardon , 1 9 6 3a) , be tween grazing and pen-feed ing condi t ions 

( Raymond and Minson , 1 9 5 5 ) , along with  pas ture qual ity ( Lambourne , 1 95 7 ) , 

cl imatic con d i t ions and wa ter consump t ion ( Hardison and Rei d , 1 9 5 3 )  may 

introduce b ias. 

o f  this bias . 

Slow d i ssolving Cr
2

o
5 

prepara t ions have reduced some 

( iv)  Feed Digestibi l i ty Analys i s  

An inverse  relationship between diges t ib i l i ty and level o f  intake has 

o f t en been d emonstra t ed a l though Brown ( 1 9 6 6 ) , in  his review o f  this 

sub j ec t ,  concl ud ed tha t  the extent of decl ine in d iges t ib i l i t y  with 

incr ea s ing l evel  o f  intake varied be tween diets , between exper imental 

s ta t ions , and b etween t r i a l s  within experimen tal s tat ions. Spec i es 

vari a t ion in d iges t ive e f f ic iency has been reviewed by Van Dyne ( 1 9 68 ) .  

Ca t tle  were found to digest  the f ibrous components o f  low-qual ity roughages 

bet t er than sheep , however , within spec ies varia t ion is  o f t en as h igh a s  

b e tween spec i e s  variat ion. 

Techn iques for d i ge s t ibility  are f a ecal-index,  in vivo and in v itro 

microdigest ion , indicator ratios . The faecal -index techn ique depends on 

the estab l i shment  in pen t r ial s , o f  r egression equations pred i c t ing the 

dig e s t ibil ity  of  a feed from faecal c omponen t s . D iges tibil i ty o f  herbage 

ea ten  by the grazing animal is  then e s ti ma t ed from the concentrat ion o f  



faecal components . 

Many regression equat ions b e tween intake and digest i b i li ty are 

avai l able  ( e . g .  Van Dyne , 1 968 ) incl ud ing t hose for d i fferent pasture 

typ e  and d i f f e rent seasons ( e . g .  Lambo urne and Reardon , 1 9 6 2 ) . Even 
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though d e ta i l ed informat ion may be ava ilable to allow the prediction 

errors for t he regression to be minima l , applicat ion errors ,  espec ially 

when selec t ive graz ing o ccurs, wil l a f fect  the val idity with which these 

regressions are used (Langlands , 1 9 6 7 ) . Minson and Raymond , ( 1 9 5 8 )  f eel  

that even when errors are minimal the faecal index technique i s  unl ikely 

to al low feed intake d i f f erences l e s s  than 1 0% to be s ignif icant . Soil  

inges tion during graz ing further increases the b ias of  this t echnique 

(Lambourne - c ited by S c o f f ield, 1 97 0 ) . 

The bas i s  of  the microdigestion t e chniques revolves around the 

establ i shment o f  a regre s s ion equa t ion between in vivo macrod iges t ib i l i ty 

es t ima tes o f  a feed and microdige s t ib i l i ty e s t ima tes o f  the same f eed . 

The regr ess ion is then used to pred i c t  in vivo d igestibil i ty o f  a f eed  

from a measur e  o f  i t s microdiges t ib i l i ty .  Interpreta t ion o f  in vivo 

microdiges t ion estima tes  is dif f icul t s ince their rela t ionship to an 

in v ivo macrod igest ion i s  seldom a s s e s sed (Van Dyne,  1 96 8 ) . Unt i l  

such relat ionships a r e  a s sessed , diges t ibility  e s t ima tes  obtained by 

this  method a r e  of  l imit ed use . 

The use  o f  regression equa t ions b etween in vitro and in v ivo 

d igestib il it y  g ive a more  prec ise  e s t ima te o f  in vivo d igest ib il i ty than 

doe s  any o ther general relationsh ip for the predic t ion of d igestibil i t y  

(Co rb e t t  e t  a l . ,  1 96 6 )  a l though und er e s t imat ion o f  in v ivo d igestib i l i ty 

may occur above 80% digest ibility  ( Arnold and Dudz insk i , 1 96 7 ) . If  

in  vivo data for  the regression equat ion were f rom condi t ions o ther than 

thos e  to whi c h  the d iges t ibility e s t imate is to  be app lied  ( i . e. pen 

fed c . r: grazing) then some error o f  a pp l ication will  exis t .  
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The rat io techn ique involves the use o f  a naturally occur r ing but  

indiges t ible  indicator and i t s ' conc entrat ion in the feed and faeces 

gives a measure of i t s ' diges t ib i l i ty . Several indications are ava ilable 

e . g .  f ibre , s i lica , chromogens , l ignins , indige s t ible cel lulo s e .  This 

technique necessitates  1 00%  recovery of indica tor .  Thus l ignin being 

no t complete ly indiges t ib l e  (McCullough, 1 95 9 )  was no t popular , unt i l  
�LAgge,.opteJ. 

Ulyat t  e t  a l . ,  ( 1 9 6 7 ) �ref inement s  in determining t he ' l ignin ' fract ion 
tha.t 

o f  t he herbage ,L allowed near full recoveries . 

The main advantage o f  the ra tio-techn ique would be the e l iminat ion 

o f  application errors , s ince diges t ib ility  woul d  be determined direct l y  

from the graz ing animal . However , the tedious nature and imprec is ion 

of l ign in ana lyses , provide drawbacks to this technique along with the 

fac t tha t  s o i l  contaminat ion ef f ec t s  have yet to be determined . 

The minimum coe f f i c i ent of  var i a t ion ( C . V . ) which is  likely to 

be achieved in es tima ting herbage in take in prac tise  can be calculated 

by combining t he C . V .  ' s  for the sepa ra te determ ina t ions of intake factor 

and faecal output ( S co f f ield , 1 9 70 ) . Where total col le c t ion is  used the 

C . V .  is l ikely to be + 4 -5% and the va lue may be increased to + 7 %  

wher e  Cr
2

o
3 

i s  us ed t o  e s t imate faecal output ( Gr imes , 1 9 6 6 ) . In 

pra c tice values may approach these (Grimes , 1 966; Corbe t t ,  1 9 69 )  but 

may rise above ± 20% ( Lambourne and Reardon , 1 9 63b ) 

( 2 )  Winter Feed ing and In take 

Rel a t ively f ew trials have been conduc ted on pregnant  ewes f ed 

dif ferent d i e t s  dur ing winter grazing sys tems . The maj ority have 

involved the use  of growing young s to c k .  

Est ima tes  o f  t h e  energy cos t  o f  pregnancy vary widely , but 

generally indicate an overall  increa s e  in dietary energy requirement s  

above maintenance o f  between 1 2  and 20% (Graham , 1 9 64; Rus sel et  al . ,  

1 967; Sykes and Field , 1 97 2; Lodge and Heaney , 1 9 7 3 ) , occurring almo s t  



1 0 .  

entirely during the l a s t  one-third o f  gestation (Hodyanov , 1 969 ; 

Rob inson et a l . , 1 9 7 1 ;  Rat tray e t  a l . ,  1 9 7 4 ) . Many experiments  have 

been conduc t ed to assess  the basic  maintenance f eed level requirement s .  

These have b e en found t o  b e  inf luenced b y  the metabo l ic s iz e ,  phys iological 

s tatus , and a c t ivity o f  t he ewe , a long with f e ed availab i l i t y  as determined 

by management . Blaxt er , Wainman , and Wil son ( 1 96 1 )  s ugge s t ed maintenance 

varied approximately with  metabo l i c  body size  (w
0
·

734
) .  However in 

grazing t r i a l s  wi th sheep, maintenance has frequen t ly been found to  have 

a l inear r e l a t ionship with bodywei gh t  (Young and Corbet t ,  1 9 7 2 ) . 

C�lorime tric experiments desi gned to  measure energy expenditure 

o f  the graz ing sheep in i t s  va rious ac tivities  have been conduc ted ( Graham, 

1 9 64 ; Blaxter , 1 964 ; Coop and Hill , 1 962 ; Lambourne and Reardon? 1 9 6 3b )  

and indica t e  increases  o f  33-37%  above indoor es timat e s . However i t  

is dif f icul t t o  s e e  how these indoor  exper iment s  can s imula t e  precisely  

a l l  t he vagaries o f  the outdoor environmen t in  a given s ea s on . 

There i s  a b ipha s ic rela tionship between dietary qual i t y  and 

voluntary intake in ruminants ( Fo rbes ,  1 9 7 7 ) , with a po s i t ive correl a t ion 

be tween t he content o f  availab le ene rgy and t he weight  of food eaten 

with poor and medium roughage f eed s , and a negat ive correla t ion with 

high-qua l i t y  roughage and cereal-based diets  ( Conrad , et  a l . , 1 9 64 ; 

Baumgardt ,  1 97 0 ) . Fo r the former s ituation , when phys ical l imitat ions 

of gut capa c i ty are thought to s e t  an upper l im i t  to food intake , this 

is  inf luenced  by the rate o f  disappearance of digesta and the comp e t i t ion 

for abdominal space  by abdominal f a t  ( Campl ing , 1 970) . When energy 

requirement s  are b elow the physical  l imit ,  food in take i s  related to 

nutrient demand , and c hanges in t h i s  demand ( e . g . , exposure to a cold 

environment )  will be fol lowed by compensatory changes in food intake . 

In this situa t ion intake is control l ed  metabol ically ( Forbes , 1 9 7 7 ) . 

Var ious e s t imat e s  o f  intake have been made  involving pas tures and 

crops e ither grazed in situ  or pen f ed to ewes over mid-pregnancy , the 
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time this s tudy i s  c oncerned with. However mo s t  involved hoggets  

with l ive weight gain b eing measured . 

Rat tray and Jagusch ( 1 97 7) es t ima t ed tha t the maintenance diet  o f  

a 50kg ewe dur ing mid-pregnancy o n  pas ture was achieved with an in take 

of about 0 . 9kg DM/ ewe /day by o f f ering between 2 . 0-2 . 3kg DM/ewe/ day . 

Ra t tray ( 1 97 7) found over this perio d  intakes o f  1 . 5  and 1 . 2kg DM/ ewe/day 

for early and lat e lambers respec t ively, wer e  achieved when o f fered 2 . 3  

and 1 . 9kg DM/ ewe/ day r e spec tively .  This r e sul ted in pas ture u t il isa t ion 

f igures of 6 5% and 6 3 %  respec t ively . 

In t empera te  condi tions , herbage intake appears to  approach the 

maximum only a t  levels o f  daily herbage al lowanc e (measur ed to ground 

level) equivalen t  to 4 t imes the amount eaten, and dec l ines rapidly when 

the allowanc e falls  below 40g organic ma t te r / kg live weight/day 

(Hodgson , 1 9 7 6) .  The relat ionsh ip be tween herbage intake and allowance 

appears to  resul t from the increa s ing d i f f icul ty o f  prehending herbage 

as the sward is gra zed c lose  to ground l evel ( Hodgson, 1 9 7 6) .  

Under s et-s tocking cond i t ions it  is very  l ikely that  the relat ion

ship between allowanc e  and intake is a func t ion of the ra te a t  which 

anima l s  gra ze  down t o  s ome l imit ing weight ( Hodgson e t  a l . , 1 9 7 1 )  or 

height ( Tayler , 1 966) of  stand ing crop , below which the prehension of  

herbage b ecomes progr e s s ivel y more d if f icul t . Exper imen t s  by 

Jamieson et al . , ( 1 9 74) and Jamieson ( 1 9 7 5) ind ica te tha t the weight o f  

individual mouthful s o f  herbage f a l l s  a s  anima l s  graze down through a 

sward under strip -grazing condi t ions. 

Al though set-stocked anima l s  will a t t emp t to compensa t e  for  

reductions in bite  s iz e  by spending more t ime grazing, t here appea r s  t o  

be very l it t l e  c hange i n  grazing t ime as herbage al lowance is  reduc ed  

under s t r ip-graz ing condi tions ( Jamieson , 1 9 7 5 ) . At high s tocking rates  

feed ava i labili ty per  s heep is  reduced and this  can resul t in incr ea s ed 
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graz ing time per sheep ( Scof f i el d ,  1 97 0 ) . 

In large scale t r ials in New Z ealand compar ing s e t  s to cking and 

ro tational or mob graz ing throughout the year , ewe l ive weights were 

only super ior under set s tocking on the Te Awa trial by Suckling , 

( 1 95 9) .  The rest  ind icated less  var iable  movement in l ive weigh t s  on 

the ro ta t ional graz ing pol ic y (Bo swel l  et a l . , 1 9 74 ;  Col l in , 1 9 6 6 ) . 

Thi s  was mor e  evident at the higher stocking ra tes (McMeekan and 

Wal she , 1 9 63 ; Wal ker , 1 968 ) . 

Few s tudies have analyzed swede crop intakes and t he resul tant ewe 

l ive weight fluc tua t ions . Thomson and Harbord ( 1 9 6 6 )  have suggested t ha t  

for 55kg pregnant ewe s graz ing swedes  in s itu DM intakes o f  0 . 9- 1 . 1 4kg 

were needed to meet r equ irement s .  Joyce ( 1 96 5 )  a t  Ruakura,in an indoor 

pilot  trial  with 1 0  pregnant ewes per group, f ed chopped swede bulbs 

ad l ib with  and withou t  hay . At DM in takes o f  0 . 4 1kg on swedes alone 

a l ive weight loss  over 4 0  days o f  1 . 55kg was observed . By  varying the 

amount of hay in add i t ion to swedes , either . 22 Skg or . 4 54kg , DM intakes 

of  0 . 68 and 0 . 9 1 kg resul ted in l iveweight incr ea ses of 1 . 36 and 7 . 3kg 

respec t ive l y . Hay f ed by itself  a t  l . OSkg DM/ day resu l t ed in a 5 . 2 3kg 

increase  in l ive weight . Wi th hoggets superior l ive weight gains on 

turnips were achieved by fee�ing restric ted amoun ts ( l OOg/h ead/ day) 

of  hay (Lewi s ,  1 9 60) . 

Drew ( 1 96 7 )  compared pasture with crops a s  the sol e  d i e t  over 

winter. The autumn-saved pasture was inf erior to swedes plus hay in 
� 

promo t ing winter gain in hogge t s  ( S3 g  v 1 2 2g / head/!ay) . However ,  this 

autumn-saved pas ture was 1 5-2 0cm long and , despite  its  7 2 %  d i ge s t ib i l i t y ,  

might n o t  be  considered the ideal autumn-saved pasture for  sheep . 

S tudies o f  this na ture involving pregnant ewe s  are lackin& For crop s ,  t he 

voluntary intake incr eases wi th d ig e s t ibility  unt i l  l evels o f  65-70% are 

reached ( Swedes average 9 0% d iges t ibility v pasture 7 5% )  



(Drew e t  al . ,  1 9 74 )  and int ak e  also increases a t  DM% incr ea s es . 

However , with  pasture this l a t ter r elat ion ship does no t hold . 
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The diges t ib il ity o f  roo t crops i s  well in exc ess  o f  mo st o ther 

feed s , and the vol a t ile  fa t ty acid mo lar proport ions in the rumen fluid 

of  sheep f ed roo t crops have been found to be s imilar to that achieved 

wi th concentra t e  f eeds (Drew et al . ,  1 9 74 ) . However , stock performance 

is o f t en not a s  good as exp ec t ed (Nicol , 1 9 78 ) . The suggestion that 

roo t  c rops are an unbalanc ed diet  in terms of  insuf f ic ient pro t ein is 

not conf irmed by  New Zealand work.  The complete  plan t (bulbs and tops)  

have a crude pro t e in level in the range o f  1 5-20% which is  adequat e  to 

sus t a in rates of growth higher than tha t observed (Drew ,  1 9 68 ) . 

Calcium to phosphorus ra t io in swede bulbs is  very low ( 0 . 5 : 1 ;  

Barry , 1 9 77 ,  c i t ed by Nico l , 1 9 78 ) compared to that no rmally  recommended 

for growth of 1 : 1  to 7 : 1 .  Henc e mineral imbalance i s  a pos s ib l e  

explana t ion to the response achieved from hay as a supplement to swedes 

(Drew , 1 9 6 7 ,  1 9 68 )  but no t to turn ips (Lewis ,  1 960)  where Ca : P  ra t io 

is 2 : 1 (Barry , 1 977 c i ted by Nicol , 1 978) . The l ikel ihood o f  an 

inbalance is negated in the f ield where in take of  roo t crops consists  

o f  approxima t el y  30%  l ea f : 60% bulb (Dr ew,  1 967)  as  l eaves o f  turnips 

and swedes have a Ca:P rat io of 1 0: 1 . For the who le swede plant this 

repre s ents  a ra t io of  4 : 1  and a P in take of 0 . 25%  DM, suf f ic ien t  to meet 

phos phorus requ irements  (Underwood ,  1 96 6; 1 9 77 ) . 

The maint enance requiremen ts o f  sheep graz ing roo t  crops have been 

found to be 3 0 -4 0% higher t han s imilar sheep graz ing pasture , and 90% 

higher t han p en f ed sheep ( Drew, 1 9 6 7 ,  1 968 ; Barry e t  al . , 1 9 7 1 ) . 

Nicol ( 19 78 )  proposed three po s s ible rea sons for these elevated 

maintenanc e requiremen t s : environmental expo sure , energy c o s t  o f  

harvest ing the s e  crops in s itu and the large water intake . Dur ing the 
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wint er f eeding o f  these c rops ambient tempera tures are usua l l y  low and 

o f t en accompanied by wind and rain . These may increase the maintenance 

requirements  a s  higher growth rates  per  animal on roo t and forage crops 

have been achieved during the summer ( Ewer and S inclair , 1 95 2; 

McDonald  et  a l . ,  1 97 7 ) . 

To obta in high DM intakes with low DM crops, r equir es large amount s  

o f  wet herbag e  t o  be consumed daily. Hogget data sugge s t s  this to be 

energetically very costly ( Drew, 1 9 68 ) . Also water requires energy to 

hea t it  to normal body t empera ture, thus ingest ion of large amounts  o f  

water a t  low t emperature increases  t he maintenance requiremen t s .  

Barry e t  al . ,  ( 1 97 1 )  est ima ted tha t  t he energy required to heat wa ter 

from 5 to 3 9°C could represent up to  1 5% o f  the daily d iges t ib l e  energy 

of young sheep on turnips or an incr ease  of 2 0% above ba sal maintenance  

requiremen t s . This increase wil l b e  dependent on the t emperature a t  

which the c rop  i s  consumed . Feeding o f  hay along with a swede  rat ion 

has been sugge sted to be beneficial  in that the hay ' s  high hea t product ion 

achieved during  d iges t ion offsets  the wa ter hea ting  requirement 

(Barry et  a l . , 1 97 1 ) . 

A delay in achieving live weight gain on swedes in young cattle 

due to  shor t t erm depression o f  DM intakes cau s ed po ssib ly by a period 

of  rumen adapt ion to large water vol ume consump tion ha s been r eported 

(Kay , 1 9 7 4 ) . No s imilar informa t ion is yet available f o r  sheep , 

al though Anni son e t  a l . ,  ( 1 95 7 )  found there were metabolic  changes when 

sheep were t ransferred to lush spring  gras s .  Conc eivably in sheep, 

because the vol ume t ha t  the rumen o ccupies will be reduced over the l a s t  

5 weeks o f  pregnancy , intake will b e  depressed (Fo rbes , 1 9 68) . 



B .  WOOL PRODUCTION 

( 1 )  The Control o f  Wool Growth during Win t er 
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Ear l y  German work  c i t ed by Wod z icka ( 1 9 60 )  established t ha t  woo l  

growth was not uniform throughou t the year . This work sugges ted tha t 

up to two -thirds o f  the yearly growth occurred in the 6 months a f t er 

spring shearing . Thus the irregular ity o f  woo l  growth was ini t ia l l y  

thought t o  be a shear ing e f f ect . 

An annual rhythm o f  wool production i s  exhibited to a varying ext en t ,  

in al l b reeds o f  sheep , with growth ra tes usua l l y  having a maximum in 

summer and a minimum in win ter . In Corrieda l e  ewes maximum summer growth 

rate  exceeds winter min imum by about 23% , whi l e  in Camden Park Merino s 

by about 4 4 %  (Ferguson e t  al . ,  1 94 9 ) . On the o ther hand , l i t t l e  

varia t ion in woo l growth ha s been found in Pepp in med ium-wool  Merino ' s  

and Tasmanian f ine-woo l l ed Mer ino ewes (Hutch inson and Wod z icka , 1 9 6 1; 

Will iams , 1 9 64 ) .  

In s tudies wi th New Zealand Romney ewes f ed well  throughout the year , 

summer woo l  growth was 2 -5 t imes greater than t hat in winter ( Coop , 1 953; 

Story and Ro ss , 1 960; Sumner and Wickham, 1 9 6 9 ) .  Woo l  growth from 

Romney ewes has been s t udied from 1 4  months to  7 years ( Ro s s , 1 9 65) . 

On average , 4 7% of  the annual produc t ion was grown in the 4 months f rom 

late  November unt il l a t e  March ,  29 . 5% March to  July , when mos t  ewes 

were pregnant , while only 23 . 5% was grown in the  late win ter/ spring period 

from July to November , when mos t  ewes lambed and were lact a t ing . 

Figure 1 shows the seasonal growth rates o f  Romney Breeding Ewes. 



Mont h  

November 
December 
January 
February 
March 
Apr i l  
May 
June 
July  
August 
S ep t ember 
Oc tober 

Fibre 
Diagram 

9%  
12  
1 2  
1 2  
1 1  
1 0  

9 
7 
4 
3 
4 
6 

( from S tory and Ros s ,  1 9 60)  

Length 
Growth 

(mm/ day) 

0 . 6 1  
0 . 6 6 
0 . 64 
0 . 63 
0 . 59 
0 . 59 
0 . 56  
0 . 49 
0 . 39 
0 . 4 1  
0 . 4 3  
0 . 4 8 

Average 
Diameter 
(microns )  

3 7 . 3  
4 0 . 5 
4 1 . 5  
4 1 . 9  
4 0 . 0  
3 8 . 7  
3 8 . 6  
3 5 . 3  
3 1 . 9  
28 . 5  
3 0 . 2 
34 . 1 

Corriedal e  ewes ( some rearing lambs and o ther s barren) , when f ed 
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on pas ture o f  constant c omposition , a t  rates which maintained e f fective 

ewe body weigh t s  constant , showed the seasonal woo l  growth rhythm ( Coop , 

1 9 5 3 ; Coop and Har t ,  1 9 5 3 ) . Both f ibre length and f ibre d iameter changes 

were associa t ed with the c hanges in wool growth ra tes . The maximum and 
I ft', -l (  l 

minimum f ibre diameters occurred some weeks al ter  than maximum and 

min imum f ibre l ength growth ra tes (Story and Ro s s  1960 , Sumner , 1 9 6 9 ) . 

Thi s  may ind icate  tha t  l ength and growth may be  under independent control 

mechanisms, or that there is  a delay in the d iamet er response . Dur ing 

win t er , f ibre  d iame t er may be reduced to such an extent that f ibre 

breakage occurs (Ross , 1 060) . Also some f o l l ic l es can s top producing 

woo l  in wint er and the f ib r es shed . However , ind ividual s  and breed s ,  

vary in the magnitude o f  this sea sonal response. Merinos appear to 

have l i t t le response whi l e  some o ther breeds have such a marked respons e  

t ha t a peak o f  shedd ing is  produc ed solely a s  a r esul t o f  this s easonal 

thinn ing. Mo s t  Romneys are  intermediate between these two extreme s , 

and need o ther predispo s in g  factors ( e. g. poor nutrit ion) before this 

unsoundness of the f ibre b ecomes r ecognisab l e . 
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Three main factors a r e  involved in the annual rhythm o f  woo l  growth : 

( a )  The inherent phys iological rhythm varying in phas e  with 

c l ima t ic s eason ( Hutchinson and Wod z ic ka , 1 9 6 1 ; Hutchinson , 

1 9 6 5 ) . 

( b )  Var i a tion in nut r i t ion (Schinckel , 1 9 6 3 ; Don ey and Ead ie  

1 9 67 ) . 

( c )  E f f e c t s  o f  pregnancy and lactation (Bell  et  al . ,  1 9 36 ; Coop 

1 95 3 ) . 

( a )  The inheren t  rhythm 

Environmental tempera ture is c lo sely correl a t ed with wool  growth 

(Ferguson et a l . , 1 94 9 ;  Coop and Har t ,  1 9 5 3 ) . Ferguson et  al . ,  ( 1 94 9 )  

suggested inc r eased wool growth was a resu l t  o f  increased blood f low to 

the skin ; va sol ida tion b e ing  par t o f  the normal heat d isposa l mechanism 

in the sheep , henc e a grea t er supply o f  woo l growth promo t ing nutrien t s  

being made  ava i lable .  l\lhen un ila teral thora c ic sympa thec tomy was carried 

out  to prevent vasoconstric t ion, a t emporary inc r ease in wool growth on 

tha t  side occurr ed , for a period of  1 0  weeks , af ter  wh ich the d if f erence 

d i sappeared ( Ferguscn , 1 94 9 ) . La ter Cockrem ( 1 9 5 9 )  reported a s imilar 

s i tuat ion fol l owing chemic a l  induc t ion o f  va socons tric t ion in mice . 

Coop ( 1 9 5 3 )  ma in tained a group o f  sheep for f our winter mon ths in a 

room 1 3°F above the ou ts ide  temperature , but wool  growth was not increased . 

Reversal o f  normal amb ient t empera ture cycles also fail ed to el ic i t  a 

woo l  growth response (Morr i s , 1 96 1 ;  Bennett  e t  al . , 1 9 62 ) . 

I t  has b e en sugges t ed t ha t  ambi en t  tempera ture may exert  a local 

ef f ec t  on woo l  growth ( B enn e t t  et  al . ,  1 962 ) . Doney and Gri f fiths ( 1 9 6 7 )  

supported this theory when t hey expos ed sheep , s id e  o n ,  t o  an a r t i f ic ia l l y  

produced wind . The ' chil l ed ' side o f  the anima l  showed a depressed woo l  

growth in terms o f  f ibre l ength . 

The exposure o f  anima l s  to e i ther very h igh o r  very low tempera t ur e s  
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caused physiological s tr e s s , resulting in d epressed woo l  growth 

(Nagarcenkar and Bha ttacharya , 1 964 ; S l ee and Ryder , 1 96 7 ; Thwaites , 

1 968 ; Downes and Hutchinson , 1 9 6 9 ) . 

Earl y  expe r iment s  found win t er growth inc r ea s ed in Cor r i edale ewe s , 

when they were subj ec t  to  constan t  sho r t  day l ength ( i . e .  8 hours 

l ight v 1 6  hou r s  darkness or 4 hours l ight v 8 hours darkn es s ) , (Coop 

and Har t 1 9 5 3 ) . Summer growth was no t altered but the amp l itude o f  the 

rhythm d ec r ea sed . Thi s  sugges ted that pho toperiodic i t y  had some 

inf luenc e over the anima l s  rhythm . On t he a ssump tion tha t  the eye was 

the light recep tor organ , Hart  ( 19 5 5 )  hooded animals  for a period o f  two 

years .  Though the anima l s  were expos ed t o  a normal s ea sonal tempera ture 

cyc le  the wool growth rhythm slowly d i sappeared . However , anima l s  

subj ec ted t o  constant daylength as  con t inuous l ight did n o t  c hange the 

rhythm , and a considerab le ampl i tude of growth remained b e tween seasons 

(Har t ,  1 96 1 ) . 

The d i s c repency in these result s  has been sugges t ed by Hart et  al . ,  

( 1 963 )  to be  due to e i t her d i f f er ing t empera ture x light in terac t ions in 

the var ious environment s  or to the intens ity  of the art i f ic ia l  ligh t  to 

which the animals were expo sed . Earl ier in Rhodesia , Symington ( 1 9 5 9 )  

found tha t wi th Pers ian Blackhead sheep , kept in pens roo f ed with 

translucent p l a s t ic to reduce the in t ensity of  l ight ,  the rhythm o f  shedding 

was d i srupt ed. Al so the f leeces were heavier and denser t han  tho s e  o f  

anima l s  maint a ined under na tural l ight int en s i ty i n  trop ical daylengt h .  

Slee ( 1 9 6 5 )  f ound shedding inh ib it ed in primi t ive sheep b r e e d s  under 

d i f fuse l ight . 

Woo l  growth rhythms were reversed  under accen tuated r eversed natural 

l ight pat t erns (Morri s , 1 96 1 ;  Har t  et al . ,  1 96 3 ;  Benn e t t  et al. , 1 96 9 ) . 

Reversed s ea sonal daylengt h  reversed s easonal Romney ewe woo l  growth rhythms 

(Morr i s , 1 9 6 1 )  but the process was gradual and i t  took 2 years for a 
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complete  change to a win t er maximum . O ther workers , u s ing the 

Corrieda l e ,  Southdown , and Peppin Merino breeds , found the change was 

almo s t  immedia t e ,  though in their case the annual rhythm was bimodal . 

Peaks in June/July and Oc t ober /November were observed . The peaks 

o f  wool growth c o inc ided with the experimental peak o f  daylength and 

the na tural one in Corr iedales (Hart e t  al . , 1 9 63 ) . The o ther 2 breeds , 

had p eaks co inc id ing with the experimental light maximum and before the 

normal peak ( Benne t t  et  al . ,  1 969 ) . The d i f f erence between Morris 

and the o tter r e s earchers may represen t  a breed d i f ferenc e .  Woo l  

growth rhythms i n  Mer ino rams , under a c c entua ted rever sed ligh t  pa t t erns 

0 
fol�wed feed intake trend s c losely (Williams , 1 9 64 ) .  By reduc ing the 

daylength cycle f rom 1 year to 7 mon ths the wool growth rhythm wa s 

acc el era ted , however i t  showed a con s tant la g o f  2-3  mon ths behind t he 

light rhythm ( Hu t chinson , 1 96 5 ) .  

I t  would b e  expec ted tha t the d i f f erenc e between the ra te  o f  wool 

product ion in summer and winter would increase with increas ing latitude 

on the bas i s  of t hese f ind ings . The results o f  Fergusson e t  a l . ,  ( 1 94 9 )  

and Coop ( 1 9 5 3 )  support th is . The former a t  la t i tude 34°S fed 

Corr iedale  ewes at a cons tant level to g ive minimum winter produc t ion 

tha t was 76% of summer maximum produc t ion, wher eas the lat ter a t  lat i tude 

44°S found wint er produc t ion only 30-4 0% of  summer produc t ion . I f  

seasonal tempera ture change also plays a part in determining the  r a t e  of  

woo l  growth , t hen i t  could be expec ted  tha t  larger seasonal var ia t ions 

could occur in those reg ions wit h  large summer /winger tempera ture range s . 

The rhythm o f  wool growth i s  proba bly a mod i f ica t ion o f  an archiac 

pa t t ern of shedding , regrowt h ,  and quiescence ( Hu tchinson , 1 96 5; Ryder 

and S tephenson , 1 96 8 ) . 

Wild sheep shed their coat comple t ely every Spring , and domest ic 

sheep show a wide var iat ion in the ir t endency to shed . The p r imit ive 

Soay ( Ryder and Lincoln , 1 9 7 6 )  and Shetland sheep ( Ryder , 1 9 7 1 )  have a 
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comp l e t e  spring moul t whil s t  almost  continuous growth occurs i n  the 

highly evolved Mer ino breed . The shedd ing phas e  has been sugge s t ed to 

s t i l l  occur on the l egs (Bennett  et al. , 1 96 2 )  and fac e  (Jeff eries , 1 96 4 )  

o f  these sheep . Wool is  t rad i t iona l l y  obtained from the Shetland sheep 

by p lucking when the f l eece begins to shed . 

The tendency to shed also var ies between ind ividual sheep wi thin 

a br eed , and thi s  is determined genet icall y .  Slee ( 1 9 5 9 )  dis t inguished 

the two genetic c omponents as the abi l i t y  to shed and the extent o f  

denudation of  the body. In Wiltshire Horn x S c o t t ish Blackface sheep 

he found two peaks of shedd ing in primary fo llicle s , one in S p r ing and 

a smaller one in autumn with no shedd ing in the summer period . The 

secondary fol l ic l es show a s t eady propo r t ion o f  shedding throughout  the 

win t er ,  with a peak in the spr ing . Kemp follicle shedding in L imous ine 

sheep occurred ma inly in the winter and to a les ser extent  in t he la t e  

spr ing/early summer period ( Rougeot , 1 9 6 1 ) . The close assoc ia t ion wi th 

the yearly l ight cy 2le implica ted daylength in the control . 

The ma in c yc l e  o f  shedding in Wil t shire sheep , in which ac t ivity  

s tar t s  about the  spr ing equinox and inac t ivity about the  autumn equinox , 

also  implicated changes in daylength in the con t rol o f  shedding ( Ryder , 

1 9 69 ) . The autumn equinox when darkness  begins to exc eed light s eems 

to be the t ime a t  which fo l l icles  begin to become inactive ( Rougeo t ,  

1 9 6 1 ;  Ryder , 1 9 62 ) . The constant propo r t ion o f  f ibres with brush end s 

dur ing the win ter suppo r t s  the sugges t ion by Burns ( 19 5 3 )  tha t the brush 

ends form in the  s econdary foll icles in the autumn , but tha t the  f ibres 

do no t fall out unt i l  spring . On the o t her hand , the peaks o f  s hedd ing 

by the primaries  s howed t ha t  the brush ends had no t long been formed , 

thus indicating the different shedding behaviour o f  the two types o f  

follicles , Thi s  could accoun t for some o f  the breed d i f f erences where 

the rat io of s econdaries to primaries d i f f er .  In wel l  f ed S u f folk 
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sheep over 30% and up to 6 0 %  of  the primaries and s econdaries 

respectively , shed ( Burns , 1 9 54)  whereas in the Shropshire f igure s  were 

7 5 %  and 84% respec t ively f o r  the spring period . No marked influence 

o f  s ea son on the inc idenc e of  shed follicles was f ound in Merino and 

Southdown x Mer ino sheep (Lyne , 1 9 6 1 ) . Poor nutr i tion appears to  a f f e c t  

secondary shedding more  t han  primary shedding (Hutchinson , 1 9 6 5 ) .  

In the reversa l experiments discus sed , the rhythm o f  shedding was 

mor e  easily reversed than tha t o f  wool growth . Differing pat t erns o f  

response for shedd ing and woo l  growth t o  daylength alterat ions sugges t  

tha t these two rhythms may b e  separa te  (Hutchinson , 1 9 6 5 ) .  Man by 

breeding , has apparently changed the cycl e o f  only that part o f  the coa t 

tha t  is valuable to him , whereas the rest  con t inues the original cycle . 

( b )  Nutr it ion 

The nut r i t ional e f f ec t s  on wool product ion are many and complex . 

For the purpo se o f  this s tudy onl y win ter gra z ing nut r i t ion will be 

considered as  a modi f ier of wool growth and wool charac ter i s t ic s . 

I t  has already been indica ted tha t sheep produce less wool during 

periods of  poor f eed . Sheep main tained on a low plane o f  nu trit ion 

throughou t the year , wh ils t s t ill showing the inherent wool growth 

rhy t hm,  will p roduce less  woo l  at a l l  t imes of the year than sheep f ed 

ad libitum . 

In gra z ing sheep , the rhythm appears to b e  greatly influenced by 

the amount and quality o f  f eed available (Gallagher et al . , 1 9 66) . I t  

i s  w ell known t ha t  pas ture growth ra tes vary cons iderably throughout 

the year as does the quali t y  of  herbage available to the graz ing animal . 

Mean  f ibre d iame ter o f  wool from sheep gra z ing nat ive pastures in 

New South Wale s , may drop f rom 22�  in summer to 1 6� in wint er, whereas on 

imp roved pas ture  the drop wa s only from 23�  to 2 1� (Johns tone 1 9 5 5 ) . 

Roe e t  al . ,  ( 1 9 5 9 )  observed low wool growth levels in August  and 
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and peaks in January/February periods with a gen eral decl ine therea f t er .  

A rela t ionship b e tween woo l  growth and ava il ab l e  green forage was 

found , sugges ting that woo l  growth may be  more  related to green forage 

available rather than to tal forage avai lable ( Ro e  et al . ,  1 9 59; 

Willoughby , 1 9 5 9 ; Rei s  and Will iams , 1 965 ; McFarlane , 1 9 6 5 ) . 

This reflec t s  the very marked preference o f  sheep for green rather t han 

dead ma terial under Aus tral ian pasture  condi t ions (Arnol d , 1 964 ) . 

McManus et  a l . ,  ( 1 964 ) observed tha t t h is change was associated  with the 

diges tibili t y  o f  the pasture  and a r educ tion in wool growth in summer 

was associated  with a l ow d iges t ib l e  organic ma t ter intake . Hence i t  

h a s  been sugges ted tha t  by j ud ic ious choice o f  forages considerabl e scope 

for manipula t in g  wool growth in Aus tral ia may result (Langlands and 

Dona l d ,  1 9 7 7 ) . 

Dif f erences  between breeds in woo l  growth r esponse to annual 

nutr it ional c y c l es have been reported a s  early as 1 92 6  by Joseph . 

Doney ( 1 966 )  s t udied Chevio t and Mer ino x Chevio t cross  sheep , compared 

a t  s imilar feed levels with three var i a t ions : e ither fed so as  to 

s imulate the natural intake cyc l e ,  or  reversed intake cyc l e ,  o r  as  a 

cons tan t daily r a t ion . Seasonal d i f ferences in wool growth in the 

Merino group were largely due to var ia t ion in in take wherea s the winter  

woo l  produc t ion o f  the Chev iots  was n o t  s igni f icantly affec t ed by  intake . 

However , with the  Chevio t  sheep , in Doney ' s  s tudy , intake and wool 

growth were only  related during the s ummer period , so that when t he 

nutri tional cycl e  was reversed the cycle  of  woo l  growth was el iminat ed . 

This lack o f  r esponse in woo l  growth to increased nutr i tional l evels in 

wint er has b een noted in o ther breeds ( Sco t tish Blackface - Doney , 1 9 64 ) , 

and to a l imit e d  exten t  in the New Zealand Romney (Scoff i el d ,  1 97 0 ) . 

New Zealand pas tures have a marked winter d epression in growth . 

B ecause o f  the  heavy reliance on pas t ur e  a s  the source o f  fodde r ,  t he 
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sheep are  normally fed l e s s  adequat ely in win t er and early spring then 

dur ing the r e s t  o f  the yea r . The lower l evel o f  nutr i t ion r esul t s  in 

a d epressed woo l  growth r a t e  (Wickham , 1 96 8 )  which can r esult in 

increased t enderness ( Ro s s , 1 96 5 ) . However , s ev ere undernut r i t ion 

dur ing win t er may not r e sult in marked unsoundn e s s  if sheep are  

accustomed gradually to  the l ower level o f  feed ing (Wickham, 1 968 ) . 

I t  is  pos s ible tha t sudden changes in nut r i t ion may be more impor tan t in 

causing break ( Brown , 1 9 7 1 ) . 

Slower June/September pa sture pro duc t ion in New Zealand means a 

r e s t r i c t ion in the d iet  o f  the animal a t  this  t ime . This e f f ec t  i s  

a c c entua t ed by high s t o c k ing rates ( Sumner and Wickham , 1 96 9 ) . They 

s howed the higher stocking rates tended to  r esul t  in a mor e  marked 

sea sonal rhythm of wool growth and f ibre d iameter , with t he trough o f  

t h e  rhythm o ccurring la t e  in the year ( September ) and the spring rise  

be ing delayed by approx ima tely 6 weeks at  the  h igher s tocking rat e s . 

However , inc reased s tocking rates are  not  necessarily a s so c ia t ed with 

unsound woo l . In Ma ssey tr ials , s heep were qu i t e  capable o f  prcduc ing 

sound wool ( i . e . having less reduced f ibre d iamet en on extremely sho r t  

pa s ture (Wickham , 1 96 8 ) . Also wi th Mer ino and Corriedale sheep 

increases in stocking r a t e  were not a s socia ted wi th inc r ea s ed break or 

tenderness (McManus et al . ,  1 9 64 ) . Henc e ,  i t  i s  at these higher 

s tocking ra tes  tha t managemen t techniques are of increa s ing impor tance 

in determin ing if  a break occur s .  

( c )  Pregnancy and Lac t a t ion 

In New Zealand , ewes are usually in the l a t e  stages of pregnancy 

when the inherent rhythm o f  wool growth is at i t s  lowes t  and f eed suppl i es 

a t  the ir shortest . Pregnancy can lead to a fur t her d epress ion o f  the 

winter trough o f  wool growth by up to 50% , when c ompared to a non

pregnant ewe ( S tory  and Ross , 1 960 ; Alexander , 1962 ; Corbe t t , 
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1 9 66 ;  Lodge and Heaney , 1 97 3 ;  Corb e t t  and F urnival , 1 9 7 7 ) . Increased 

nutrit ional demands at this t ime , are expect ed t o  influence wool 

p roduc t ion (Wallac e ,  1 94 8 ) . Wool growth rate depres s ions have been s een 

to occur as early as 28 days post -conception ( H enderson , e t  al . , 1 97 0 ) . 

Over twelve months , pregnancy and lac tat ion can r educe wool produc t ion by 

5 . 5% (Mullaney et  al . , 1 9 6 9 ;  Corbe t t  and Furniva l ,  1 9 7 7 ) .  

The lower the level o f  nut r i tion during pregnancy t he earlier t he 

e f f ec t s on weight o f  clean wool , f ibre length , and fibre d iame ter are  

expressed ( Slen and Whi t ing , 1 955) . Food demand is  grea t er in July to 

S eptember b ecause o f  pr egnancy and lac tation . They have t he effec t o f  

shift ing t he per iod o f  minimum growth from June/ July into July/Augus t /  

S eptember , and maximum f rom December into the po s t-weaning period o f  

January/February . S inc e this pregnancy effec t almos t  coinc ides with the 

naturally occurring period of  min imum growth in mid-win t er , the summer

winter ra t io of wool  growth widens to about 4 : 1  o r  even higher in ewes 

( c . f .  3 : 1 in barren sheep ) (Coop and Hart , 1 9 5 3 ) . 

Where f eed intake o f  pregnant ewes was inc reased progress ively so 

a s  to maint a in ma ternal t issue live weight , wool growth declined through

o u t  pr egnancy c . f .  non-pr egnant ewes at constant  body weigh t  ( Ferguson 

and Reid ; c i ted by Ferguson et  al . , 1 965 ) . S imilar resul t s  were found 

by Coop ( 1 9 53 )  with d i f f ering levels o f  feeding during the dry , 

pregnant , and lac ta t ing p eriod s . Thus the e f f e c t s  on wool produc t ion 

during pregnancy may not be comple tely due to a decreased nutr ient supply 

to the wool follicle bu t may be  part ially caused by an altered hormonal 

b alance ,  Papadopoulos and Robinson ( 1 9 5 7 ) . 

Field s tudies have shown tha t ewes with a s ingle lamb generally produce 

1 0-20% les s  fleece wool t han tho s e  t ha t  do not become pregnan t .  The 

bearing o f  twin-lambs reduces annual wool produc t ion by a further 5- 1 0% 

( Ross , 1 9 6 5 ; Turner and Young , 1 969 ; Bigham e t  al . , 1 9 78 ) . 
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Lact a tion appears t o  have a great er influence on wool growth rates  

t han pregnancy (Corbet t ,  1 964 , 1 9 66 ; Henderson et a� . ,  1 97 0 ) . 

The effect  o f  lac t a t ion on wool d imini shes as  t ime from lambing increases  

(Corbet t  and  Furnival , 1 97 6 ) , and evid ence from observat ions  on ewes 

rearing twin lambs and t ho se rear ing s ingles , s uggests  an inverse 

rel a t ionsh i p  b e tween milk yield and wool produc t ion ( S t evens and Wright , 

1 9 5 2 ; S eebeck and Tribe , 1 963 ; Ray a nd S idwelJ , 1964 ) . 

( d )  Hormonal Mediat ion o f  Wool Growth 

Rela t ively lit tle i s  known of the hormonal e f fec ts  on wool growth and 

wool charac t e r i s t ics . I t  has been suggested t ha t  pituitary hormones 

may have a role in regula t ing the seasonal wool growth rhythm (Har t ,  1 95 5 ) . 

However , because o f  the d i f f icul t i e s  o f  separa t ing various p i tuitary 

frac t ions and the complex in t erac t ions with o ther endocr ine gland s , 

knowledge o f  t he role o f  the pitui tary hormones in wool growth  is  sketchy . 

Increa s e  in adreno -cor tical ac t ivity has been sugges ted as  a fac tor 

in the season al var iat ion in wool growth (Lindner and Ferguson,  1 956 ) . 

Cor tisone administration to normal s heep depresses wool grow t h ,  and 

on resump t io n  a f t er a period of depression , a br eak o f t en appears in the 

fleece (Lindner and Fe rguson , 1 9 56 ) . Increased levels o f  glucocor t icoids 

in plasma of phys ically s tres sed sheep (Panaret to and Ferguson ,  1 9 69 ) , 

caused depressed woo l  growth ( L indn e r , 1 9 59 , 1 964 ; Reid , 1 9 6 2 ) . 

Ferguson e t  al . , ( 1 9 6 5 )  however , f o und tha t  s easonal periodi c ity  o f  wool 

growth remained in adrenalec tomized animals , ma intained on cons tant corti sone 

dosage and t herefore the rhythm is not media t ed by changes in cortisol 

secretion . 

The annual rhy t hm o f  wool growth could be due to an increa s e  in 

thyro trophic ac t ivity  of the p i t u i t ary (Hart , 1 955) . A 60% reduc t ion in 

wool growt h  and reduced feed intake in thyroidec tomi s ed sheep has been 

reported ( Ferguson , 1 9 5 1 ) . Thyroxine admini s t ration s timulat ed wool 
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length grow t h  o f  f ibres without  a ff e ct ing diamet er (Rougeo t ,  1 96 5 ) . 

I t  has bE:en sugges t ed that wool growth inc reas e s  af ter thyroxine treatment 

to normal sheep , might be due to increased appe t i t e ,  and a l so to decrease 

in s torage of pro t e in in body t i s su e  ( Ferguson , 1 958 ; Lambourne ,  1 9 64 ) . 

The inc r ea s ed intake is  proport iona tely grea ter than increased wool 

produc t io n  thus res�l t ing in a lower e f f ic iency of  wool produc t ion 

(Lambourn e , 1 964 ; Ferguson et a l . ,  1 9 6 5 ) . 

In  a review of  the e f f e c t s  o f  hormones in wool growth,  Ferguson 

et al . ,  ( 1 9 6 5 )  showed that in shE ep , hypophysec tomy had a more profound 

effect than thyro idec tomy . Woo l  growth wa s partially res tored by 

thyroxine a dministra t ion in hypophysec tomised sheep independent of  dos e  

ra t e ,  but t h e  rhythm of  wool growth rema ined , even when sheep were 

maintained at cons tant feed intake , tempera ture and cort i s one do sage . They 

concluded t ha t  the p i tuitary gland exerts s t imula tory and inhibi tory 

influence s  through t he sec ret ion o f  thyrotrophic and adrenocort ical ho rmones 

respec t ively . Howeve r ,  neither thyro id nor adrenocor t ical  a c t ivity have 

been def i n it ely impl ica ted in th e na tural varia tion of woo l  growth .  

Reduced f ibre diameters associated with the winter  period and 

pregnancy and lac tat ion can lead to a decrea se in the t en s ile  s t rength of  

the f ibre over this  per iod ( Ross ,  1 96 5 ) . Ro ss  ( 1 96 1 )  sugges ted tha t a 

' lambing break ' may occur a t  this t ime . The mass ive release of  coerisol ( 
by the l amb, prior t o  par tur i t ion (Aus tin and Shor t ,  1 9 7 2 )  may be t he 

cause o f  t h is effec t i f  it  occurs . Release o f  oxyto c in a nd prolac t in also 

occurs abo u t  this t ime , but inj ec t ion o f  5mg/day of  sheep prolac t in into 

hypophy s e c tomised sheep ma intained on cort i sone and thyro� ine , fa i l ed to 

have any e f fect  on woo l  growth 

( 2 )  The E f fects  o f  Winter Graz ing Sys t ems on Wool Growth and 

Charac ter i s t ic s  

L i t t l e  data are  available on the e f f ec t s  o f  winter f eeding o f  
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pregnant ewes in t he f i eld . 

(a )  Winter Nut r i t ion 

Nut r i t i onal res t r i c t ion during early and mid-pregnancy influences 

fleece weight  and fleece tendernes s  (Hodge , 1 966 ; Coop , 1 96 8 ) . 

Cro ssbred and  Romney ewes restricted  for e i ther 90 or 1 0 8  d ays of  

ges tation c ompared to ewes a t  maint enance for that period , had 0 . 4  kg 

and 0 . 7 2 kg les s wool respec t ively , along with an increase of 18%  and 

4 3 . 7 %  respec t ively , of number o f  t ender fleec es. Coop ( 1 9 68 )  in gra z ing 

trials with  Romney ewes applied a nutr i t ional restric t ion for one month 

during ei ther the  third , four t h ,  or  f i f th mon ths of pregnanc y .  Res tric t ion 

during any c f  the periods resulted in a 2 0-30% reduced wool growth  r a t e . 

Winter feed ing t r ia l s  a t  Invermay and in Southland indica t e  tha t ewes 

fed at a low plane dur ing win t er had a higher proport ion of poor s t yle 

wools , reduc ed s taple leng th , reduced to tal wool weight ( 0 . 4 1  kg reduc t ion 

in one case)  and lower tensile strength due to a reduc ed f ibre diameter . 

However , the se d i f f erenc es were only represented by a 2 . 0  c ents/kg 

reduc t ion in price (Mon t eath ,  1 9 7 1 ) . 

For some t ime i t  has been real i s ed tha t  sheep gra z ing d i f f erent 

pasture spec ies have d if fering wool production. Sheep graz ing clover or 

clover-dominant pastures produce mor e  wool ( Bubla th , 1 9 69 ) . There i s  

evidence o f  the greater wool produc t ion of  sheep fed clover in pens compared 

to tho s e  f ed grass at s imilar energy levels o f  in take ( Ra t tray and Joyc e ,  

1 969) . I t  has been s uggested that the higher nutritive value of  whi t e  

clover , in c ontra s t  to grasses , c a n  be expla ined by the e f f e c t  o f  

voluntary in take a s soc ia ted with a c hange i n  the ferment at ion ra t e ,  

carbohydra t e  conten t ,  and the ut iliz a t ion o f  n i t rogen and vola t ile f a t ty 

acids ( Corbet t  e t  al. , 1 9 66 ;  Butler et  al . , 1 9 68 ;  Ulyat t ,  1 969 ; 

MacRae and Ulya t t , 1 9 7 4 ; Ulya t t  e t  al. , 1 9 7 7 ) . 
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The maj or character i s t ic influenced by pas ture type i s  s taple 

length (Pa t il et al . , 1 96 9 ; Bubla th , 1 969 ; Sco f f i eld , 1 9 70 ) . S tocking 

rat e  and s ea sonal changes in nutrit ive value can c hange the effect  o f  

var ious spec ies (Bubla th , 1 969) . At  low s tocking ra tes , wool length 

growth rate of sheep gra z ing perennial ryegrass/wh i te clover pas ture 

was always superior to tha t  of  c ocksfoot /clover and cocksfoot  alone . 

At  high s tocking ra tes cocksfoo t pas tures were sup erior f rom lat e  

September t o  mid-November . The superiority being minimal a t  the end 

o f  November when the nut r i t ive value is lower than ryegra s s  ( Ca s t l e  

e t  al . ,  1 9 62 ) . Pas ture types per se had no s igni f ican t e f f ec t  on quali t y  

number , cha rac t er ,  soundne s s , mid-side colou r ,  a n d  mid-side c o t t ing 

( Bubla th , 1 9 69 ) . 

Merino and Brit ish s t rong-woolled sheep graz ing copper-d e f ic ient areas 

of Aus tralia demons trate reduced fleece weight s ,  loss of c r imp clar i ty and 

inc reased s taple lust re ( B enne t t  and Beck , 1 94 2 ; Marstc n ,  1 94 6 ;  Mar s ton 

and Lee , 1 9 56 ) . Reduc ed tens ile s t rength in thE wool from copper-

d e f icient  s heep ha s also been repo r t ed by Palmer ( 1 94 7 )  and Burley , ( 1 9 60) . 

Pat il e t  al . , ( 1 9 6 9 )  suggested that the poorer c r imp o f  the grass-f ed 

sheep was due to poor u t il i za t ion o f  the copper in  thi s  d i e t  and copper 

d e f ic ienc y ,  even though the copper levels of the gras s and clover d i e t s  

were s imila r . They found that giving copper supplement s  to the gras s - f ed 

sheep improved the crimp . 

Var ious fodders have dif fering levels o f  copper concentra t ions 

( Adams , et a 1 .  , 19 5 6 )  . Wool copper , unlike l iver copper , has been 

reported to increase when the ewe i s  grazing p a s t ures high in mol ybden wn 

and sulpha t e  ( Healy , Ba te  and Ludwig ,  1 964 ; Rish , 1 9 7 0 ) . I t  was 

suggested by these autho r s  tha t wool may represen t a s econdary 

excretory p a t hway for copper . However , Cunningham and Hogan ( 1 9 58 )  

demonstrated a reduc t ion i n  hair and wool copper when inc r ea s ing d ie tary 
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molybden um levels  were fed , this reduc t io n  being preven ted by add i t ional 

die tary copper .  

Pro tein levels in  feed have been f ound to  influence woo l  growth,  

f ib r e  d iameter and f ibre length ( Slen , 1 9 6 9 ) . Pro tect ion o f  pro t e in 

agains t  ruminal digestion has lead to increased woo l  growth responses 

(Hogan and Weston , 1 967 ; Barry,  1 96 9 )  Casein , in pro tec ted form , fed 

during late pregnancy/early lactation , and given on a med ium plane of 

nutr i t ion , had a marked e f f e c t  on wool . The decl ine in rate o f  growth 

and d iameter , normally associated with l a t e  pregnancy and early lactat ion 

was prevented ( Barry ,  1 9 69 ; Henderson et  al . ,  1 9 7 0 ) . 

responses to pro tec ted prot ein have been variable .  

However , 

Early work by Marston ( 1 9 35 )  suggested tha t the sulphur-contain ing 

amino acid cont ent of pro te in may be impor tant for woo l growth s ince woo l  

pro te i n  had high levels o f  cys tine .  Var ious experiments  s ince then have 

been c onduc ted f eeding the sulphur-con taining amino acids cyst ( e ) ine and 

methionine by var ious rout e s .  Substan t ial increa ses i n  woo l  growth 

rate  have been recorded ( Re i s  and Schinckel , 1 9 6 3 ;  Rei s ,  1 96 7 ; Graceva , 

1 96 9 ) . The win ter wool growth depression has been reduced when L-cy s teine  

was inf� s e � int ravenously ( Dryden e t  al . ,  1 9 6 9 ) . Me thionine was 

d f ec t ive , as i t  can be metabo lised to cys t(e)ine ( Downes et  a l . , 1 9 7 0 ) .  

Dove and Robards ( 1 97 4 )  suggested that wool produc t ion responses to 

abomas a l  supplement s of sulphur contain ing amino acids  or casein would 

be greater if the animal i s  consuming a high qua l i ty diet . This 

indica ted a pro t e in x energy l evel intera c t ion . Black et  al . , ( 1 9 7 3 )  

sugges t ed there is  a n  optimum ra t io o f  pro tein t o  energy absorp tion 

required for maximum woo l  growth . I f  pro tein i s  l imiting , an increa s e  

in pro tein absorption s t imul ates  wool growth , but an increa s e  i n  energy 

absor pt ion reduces  i t .  Conversely, i f  pro tein i s  in excess , and 

increase in p ro te in absorpt ion reduces wool growth but it is s t imula ted by 
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an increase in energy absorp t i on .  When diets  are fed per o s  rumen 

ferment a t ion t ends  to prevent varia t ion in pro t e in : energy being 

an important source  of  variat ion in woo l  growth ra te ( Hogan and 

Wes ton , 1 9 6 7) . However , the response to abomasal pro t e in supplement s  

(Reis and Schinckel, 1 9 6 1 ; 1 96 4 ) sugge s t s  t ha t  the nut r i en ts absorbed are  

somewha t deficien t  in amino ac ids for  opt imum wool growth . Feed ing 

higher energy d i e t s  per os  resu l t s  in the synthes i s  o f  more  microbial 

pro t e in . 

(b)  W inter Gra z ing Systems 

Winter nu trit ion is dependent on the graz ing sys t em adop ted . 

Winter gra z ing tr ial s with hoggets have indicated higher f leece weights 

when gra z ing autumn saved pas ture than when graz ing swedes wi th and 

witho u t  hay (MAF , 1 968 ;  Cooney , 1 9 76 ;  pers comm) . L i t tle  e f f e c t  was 

found on colour and handl e  (MAF , 1 9 68 ) . Few resul ts are avai lable on 

the e f f ec t s  tha t winter forage crop s or tha t d i f fering graz ing sys tems 

have on wool produc t ion of pregnant ewes . 

S everal d isorders have been found to o ccur when sheep were turned 

out onto lush spr ing pas ture from hay or dry concentrate  diets  

(Anni son et al . , 1 9 59 ) . The primary causes for these disorders fell  

into two cla sses : ( i )  a failur e  of  the  microbial popula t ion to ada p t  

i t s e l f  t o  the sudden inf lux o f  readily f e rmentable subs tra t e  i n  the 

pas ture , and ( ii )  the inges t ion of  substances in the p asture which 

have a dverse e f f e c t s  on the metabol i sm of the animal . Lush spring 

�asture is  rich in soluble carbohydrates which are rapidly a t t acked 

by rumen microorganisms , wi t h  t he produ c t ion of exce s s ive amount s  o f  

lact ic a c id and resul tant t empo rary acido s i s .  However , adaptat ion by 

the microbial popula t ion to t h e  new diet  took only 6 days . 

Gradual introduc tion to a new f eed type was found to minimise the 

degre e  of tenderness o f  the wool ( Brown , 1 9 7 1 ) . Grea ter  tendernes s  was 
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evident a t  the l ower feeding l evels .  Sudd en release o f  sheep 

onto green feed caused a s igni ficant increase in t endernes s . Rumen 

microbial popu l a t io n  adap ta t ion or a lack o f  adap tation by the animals '  

enzymes to the n ew d iet  are suggest ed a s  the causes ( Brown , 1 9 7 1 ) . 

The d igest ive up s e t  may a f f ec t  nutr ient intake , or hormone balance .  

The s tress involved may l ead to temporary adrenal cor t ex hyperac t iv i ty 

which  i s  suggested  to be a common phys iological mechani sm underlying 

the o ccurrence o f  f l eece tenderness (Lindner and Ferguson , 1 95 6 ) . 

I t  has been suggested  by S tory and Ro s s  ( 1 960)  tha t shearing around 

the t ime of lowe s t  wool growth may minimise  the effects  the increas ed 

tenderness has on the manufac turing capabil i t ies o f  the woo l .  

No cons is ten t  d i f ferenc es in weight o r  length of f l eece over 

1 2  months have been asc ribed to da te  of shearing , al though a large 

d i f f e rence in style  grade in favour o f  pre-lamb shorn woo l was found 

( S tory and Ro ss , 1 9 5 9 ;  S tory , 1 95 9 ) . 

A h igh level o f  anima l produc tion i s  generally the ul t ima t e  o f  any 

gra z ing management system.  Any sys t em tha t increases pas ture qua l i ty ,  

yiel d , or sprea d ,  will  have a resul tant inf luence on animal produc t ion , 

espec ially as we approach the ' op t imum ' stocking ra t e .  A t  relat ively high 

s tocking rates i t  has been suggested that increases in animal produc tion 

can only be obtained by the use  of rotat ional graz ing (McMee kan and Wal she , 

1 9 6 3 ;  Walker ,  1 9 68 ; Robinson and S impso n ,  1 9 7 5 ) . However , the 

evidence support ing this suggest ion is  sketchy and no management sys tem 

can b e  expected to maintain i t s  benefic ial effect  a t  excess ively high 

s to ck ing rates (Young and Newton , 1 9 7 3 ) . B ishop and B irrell ( 1 9 7 5 )  

and B irrell e t  a l . , ( 1 97 8 )  conf i rmed that increas ing stocking rates  had 

the e ff ec t  of reduc ing the herbage on o f fer . At  their high s to cking 

rates  of 1 5-20 sheep/ha , bo th the deferred and rotational gra zing systems 

provided a bet ter nutritional plane over autumn and winter than a s e t -stocking 
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sys tem ,  w i th r esul tan t  hi gher woo l  growth rates . 

There i s  a decrease in per ewe wool produc t ion  with increasing 

s tocking ra t e s  (Bishop and Birrel l , 1 9 7 5 ;  Whi t e ,  197 5 ) , however , total  

per  ha  production rises . Character , soundnes s ,  c o t t ing and s taple l ength 

were better on those  anima l s  graz ing at low stocking rates (Bubla th , 1 9 69 ; 

Sumner and \Hckham 1 96 9 ) . Sumner and Wickham , 1 9 69) found tha t  high 

s t ocked animal s  had wool w i th coarser qual i ty numbers even though f ibre 

d iameter was reduced . 

This anomaly can be explained in tha t  in the subj ec t ive a ssessment 

o f  qual ity  number , lustre  received more a t t ent ion than c r imps per inch ,  

and lustre  increased w i t h  s tocking rate (Sumner and Wickham , 1 969) . 

Low sto cking ra tes  can resul t in long pastures tha t  transfer wa ter  

to fleeces , w i th the  inc rea sed fleece humid i t y  l ea d ing to d i scoloura t ion 

( Bubla th , 1 969 ) . Very h i gh s tocking ra tes can increase  d i scoloura t ion 

( S umner , 1 96 9 ; Sco f f i el d , 1 9 7 0 ) , p erhaps as a result of dirt  contamina t ion , 

o r  s lower drying of  the more-c o t t ed f l eeces . 

There i s  l ittle  exp e r imen tal data to indica te  the e f f e c t s  of  the 

various sys t ems of gra zing managemen t on wool growth and charac ters t ic s . 

Lambourne ( 1 9 5 6 )  found t ha t  ro ta t ional graz ing management o f  ewes and 

lambs did no t no ticeabl y  a f fec t woo l  produc t ion , a t  s tocking rates below 

8 ewes /acre , a l though fewer cot ted f leeces were found . However , above 

8 ewes/acr e ,  f l eece weigh t s  were superior to thos e  on a set-s tocked 

policy .  Col l in� ( 1 9 6 6 )  resul t s  suggest tha t woo l  produc t ion per acre 

may be s lightly bet ter , wi th fewer cot ted f leeces under a mob-stocking 

compared with  a set-stocking sys tem .  

exhibited break . 

However , more mob-stocked f leeces 

The various permu t a t ions of ro t a t ional graz ing may l ead to differing 

woo l  produc t ion resul t s . S tock movement from ' cl eaned-out ' pas ture to 

a f lush coul d l ead to t ender wool s ,  as  described earl i e r .  However , by 
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daily s h if t ing , a mor e  even s upply o f  pas ture througho u t  the w in t er could 

be provided , and this  might be expected to m in imise t enderness .  

C .  LAMB PRODUCTION 

( 1 )  Nut r it ion 

Mos t  stud ies involving ewe nutr i t ion during pregnancy have been 

limited t o  either one o f  two periods : immed iately pos t -mat ing ( early 

pregnanc y ) , or l a t e  pregnancy, during t he period o f  maximum foetal growth . 

Few have recorded t he effects  o f  nutrition dur ing mid-pregnanc y  on resul tant 

lamb product ion . As lamb produc t ion is  a minor con s idera t ion o f  this 

thesis a brief review only o f  work involving ewe nutrit ion on pas ture and 

swedes or turnip c rops is given . 

( a ) Nutrit ion during pregnancy 

Early reports  established t ha t  lamb birth weight was assoc ia t ed wi th 

d i f ferenc es in nut r i t ion of the ewe during pregnancy ( Und erwood and Sh ier , 

1 94 2 ;  Underwood, Shier , Cariss,  1 94 3 ; Walla c e ,  1 948 ; Thomson and Thomson , 

1949 ; Barnicoat e t  al . ,  1 949 ; Coop , 1 9 5 0 ;  Thompson , 1 9 50 ;  Guyer and 

Dyer , 1 9 54 ; Papadopoulo s and Robinson , 1 9 5 7 ; Schinckel and Shor t , 1 9 6 1 ) . 

With f ew excep t ion s , increased levels o f  nut r i t ion are a s socia t ed with 

increa s ed birth weights and t he e f fec t  is  usually mor e  marked in twins than 

s ingl e s . Wallac e ( 1 94 8 )  was one of  the f irs t to show t ha t  birth weight o f  

twins was a ff ec ted by the plane o f  nut r i t ion a f ter 9 1  days of  gesta t ion 

but prior to this t ime nutrit ive level had no ef fec t .  This conforms to 

the bas ic pat tern o f  foetal developmen t in the ewe . Dav i es ( 1 9 5 2 )  describes 

pregnancy in 3 phase s : Phase 1 up to day 22 i s  the period of the ovum , 

the pre-a t tachmen t o f  pre-implanta tion pha s e  las t ing unt i l  about  day 1 4 - 1 5 ,  by 

which t ime con siderable growth o f  the embryonic membrances  have occurred . 

The secon d phase , las t ing unt i l  about day 4 0-50  in sheep , i s  the per iod 

o f  t he embryo , during which d i ff e rent ia t ion of  the embryonic part s  

and the placenta i s  concluded . 
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The remainder of  pregnancy , t he period o f  the foetus, i s  primarily a 

period o f  growth . I t  has been f o und that approximately 7 0% o f  to tal 

foetal growth takes place during the f inal s ix weeks of  pregnancy 

(Russel e t  al . , 1 9 7 3 ) . 

McClymont and Lambourne ( 1 95 8 )  underfed ewes for the f irst four months 

of pregnancy and then f ully fed t hem for t he remaining four weeks , but 

could no t erase the previous underf eeding e f f e c t  on birth weigh t . 

Everi t t  ( 1 9 6 4 )  also underfed ewes f rom mat ing and found that by day 90 

foetal weight was s ignif icantly depressed . This depres s ion was only 

partly compensated for by adequa te f eeding from day 90 to l ambing 

(Everi t t , 1 966) . 

Cur l l  e t  al . , ( 1 9 7 5 ) indicated from their ex� eriment with Border 

Leice ster x Merino ewes that good nutrit ion for the ewe dur ing the 1 0  

weeks o f  mid-pregnancy had an impor tant effect  on birth weight and growth 

rate o f  lambs , at leas t  in regions which have a short pasture growing 

season . This may conflict with the conclus ion of  Coop and Clark ( 1 9 6 9 )  

that res t r ic t ing food in take t o  half ma intenance level over the same 

p erio d ,  in o rder to conserve pa s ture for la te pregnancy ,  i s  sound prac t ice . 

They had f o und no treatment e f f ec ts on the numbe rs of  l ambs born . Ra t tray 

and Jagusch ( 1 9 7 7 )  also found tha t with ewes averaging S Okg there was no 

sign i ficant carryover e f fects , when fed at be tween sub-maintenan c e  to 1 . 4 

t imes maintenance levels over mid-pregnancy ,  in lambing , lamb birth weights 

or  ewe milk produc t ion . Lodge and Heaney ( 19 7 5 ) found a lamb birth 

weight d i f f erence between ewes fed a maint enance ration throughout 

pregnancy and those  f ed at  1 5% below maintenance po st  mat ing  and this 

increasing exponen ti ally to 57% above maintenance by par turi t ion . The 

latter feeding regime had the heavier birth weight s .  

The relationships between nut r i tion i n  the second hal f  o f  pregnancy 

and poten t ia l  milk produc t ion is  well established ( Thomson and Aitken , 1 9 5 9 ) , 
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but  there i s  l i t t l e  informa t ion rela t ing spec i fically to nutrition 

during mid-pregnancy . Al tho ugh McClymont  and Lambourne ( 1 95 8 )  found 

a pos i t ive  rela t ionship between t he plane of nut r i t ion of the ewe , 

during early to mid-pregnancy ,  and the b i r th weight and growth rat e  o f  

the lamb , Hodge ( 1 9 6 6 )  and Mon teath ( 1 9 7 1 )  d i d  not . However ,  Mont ea th ' s  

d i f feren t ial l ive weight  ga ins over the l a s t  s ix weeks o f  gestat ion may 

have obscured some o f  the trea tmen t eff ec t s  appl ied mid-pregnancy . The 

l ive weight levels u s ed by Hodge ( 1 966)  in mid-pregnancy were apprec iably 

higher t han Curl l  e t  al . ,  ( 1 9 7 5 ) and aga in compensa tory l ive weight c hanges 

were a l lowed in the l a s t  6 weeks of  pregnanc y .  

Hodge ( 19 6 6 ) ,  in impos ing t rea tmen t s  that resulted in a 1 7 % l o s s  in 

l ive weight to 1 08 days of gesta t ion on 3 year o l d  Border Leicester  x Merino 

ewes , f ound no adver s e  effect  on the number or b irth weight of the l ambs 

born . In add it ion , the weaning weight a t  1 2  weeks of  age , was not 

affected  by these t reatment s .  Treacher ( 1 9 7 1 )  found s imilar resu l ts on 

birth weights with d i f ferent ial f eeding over the period 1 4  weeks pos t-

ma ting.  Here also no trea tment effect was found on milk yield o r  l ive 

weight change in l a c t a t ion , however , the fa t conten t  of milk wa s 

increa s ed from ewes on the high plane diet  ( 3 0g DM/kg ewe l ive wei gh t )  

in pregnancy . A mod erately low plane o f  nutri tion dur ing pregnancy 

followed by l iberal f eeding post-partum does no t appear to l imi t milk 

produc t ion ( Coop , 1 �5 0 ;  

1 9 7 1 ) . 

Barnicoat et  al . ,  1 9 5 7 ; Pear t ,  1 9 7 0 ; Monteath , 

( b )  Age of  Ewe 

Few studies  have been carried out to a s sess the a f f ec t  o f  

nutritional s tress  o n  pregnant ewes o f  var io us ages . B ennet t  e t  a l . , 

( 1 964) in a s tudy involving undernutri t ion for  the first  9 0  days o f  

pregnancy , sugges t ed that 2-year -old ma iden ewes suffered higher pre-

natal  l o s s  than ma ture ewes . However ,  McKenzie and Edey ( 1 9 7 5 )  found 
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mor t a l i ty induced by sho r t  t erm undernutrition . 
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Rus sel and Foot  ( 1 97 2 )  in a Sco t t i sh H i l l  country s tudy suggested 

tha t the considerabl e los s  of weight commonly occurring in primiparous 

h i l l  ewes during the early  s tages of pregnancy , may adversely a f f ec t  

l amb birth wei ght . They s ugges ted tha t feeding a t  normal level s during 

la te pregnancy is  unl ikely to overcome this e f f ec t .  

( 2 )  Winter Grazing Sys t ems 

(a) Pasture Graz ing 

A high l evel of  animal produc t ion is  generally  the u l t imat e  o f  any 

g iven gra z ing management s y stem .  I t  cons is t s  o f  combining good pas ture 

husbandry with f eed allocation to animals at the d esirable levels for that 

t ime . 

Rotational graz ing has been sugges ted to provide increased animal 

p roduct ion by p rovid ing ext r a  fodder ava ilable  a t  t imes when fodder amount 

f requently l im i t s  animal produc t ion (Morley , 1 9 6 8 ) . In mos t  cool 

t emperate , environments  pas ture growth rate and hence fodder availab il i t y , 

i s  a maj o r  l imitation from late  autumn until  ear l y  spr ing . Therefore 

ro t a t ional graz ing at  this t ime is  l ikely to be advantageous .  

I t  would seem tha t advantages f rom ro tat ional graz ing are  mor e  

l ikely t o  be obtained at  high stocking rates ( Lambourne , 1 956; McMee kan 

and Walshe , 1 96 3; Col l in , 1966 ; Walker , 1 968 ; Smith , 1 9 7 0; Rob inson and 

S impson , 1 9 7 5 ) . At lower s tocking rates  the d i f f e rence s  in animal 

performance are  smal l and l iveweight gains may even be super ior under  

s e t  s tocking ( Gey tenbeck , 1 963; Lewis ,  1 9 7 3 ) . However ,  in Boswell 

et  a l ' s . , ( 1 9 7 4 )  experiment compar ing set  stocking and ro tational graz ing , 

the s tocking r a t e s  o f  2 0 / 3 0 / 4 0  ewes/ha were h igher than for Lambourne 

( 1 95 6 )  o f  9 . 8/ 14 . 8/ 1 9 . 7 ewe s /ha , but r esul ted in no advantage in 
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ro tational graz ing or increased l amb prod uc t ion . 

Gain per l amb was superior on the continuous grazing system to that 

on the ro t a t ional grazing sys t em ,  but becaus e  of  the higher s tocking 

rates on the lat t er , gain/ha was lower . However , no management system can 

be expec ted  to main t a in i t s  ben e f icial e ff e c t  at  excess ively high 

s tocking rates (Young and Newton , 1 9 7 3 ) . 

Two large scale trials o f  prac tical importance comparing set  

s tocking and ro tational gra z ing have been carried out in New Zealand . 

However , the resul t s  were con flic t ing .  Suckling ( 1 9 5 9 )  a t  Te Awa 

found a 6 %  lambing percentage , and 24. 88g gain/ day in lamb live weight 

advan tage in set s to cking . Collin ( 1 96 6 )  a t  Waerenga-o-kur i ,  on the 

o ther hand , found a t  1 2 . 3 ewes / ha no marked d if ferE nce between the two 

graz ing sys tems in animal produc t ion , except that set-stocked lambs were 

appreciably heavier at weaning . But a t  1 6 - 1 8. 5 ewes/ha rotat ional 

graz ing was associa ted with a 1 5% gain in lambing . These  results  show 

that neither system is clearly superior and much depends on the exper tise  

put into  the graz ing managemen t used . 

Davies  ( 1 9 6 8 )  in studying two mod i f ica tions o f  a cont inuous graz ing 

system concluded that undernut r i t ion during pregnancy to ensure adequate 

feed allowance for lac ta tion lead to a highe r inc idence of pregnancy 

toxaemia , reduced lamb birth we ights , and increased neona tal mortali t y .  

However , by restric t ing feed allowance during early pregnancy allowing 

adequat e  requirement s  from day 1 00 of pregnancy on , thes e  ef fects  were 

minimi z ed . This m e t hod of  f eedi ng a t  a high stocking rat e  o f  2 6  ewes/ 

ha l ead to less  pregnancy toxaemia than a system of cont inuous gra z ing 

throughou t  pregnancy . 

(b )  Forage Crop Graz ing 

In v i ew o f  the length o f  t ime forage crops have been used in 

New Zealand agricul ture and the rela tively important p l a c e  t hey play in 
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feeding s tock ( approximately 2 5 0 , 000 ha grown per annum - Nicol , 1 97 8 ) , 

surpri singly l i t t l e  informat ion has been pub l ished on the  performance 

of  s t ock  f ed on roo t  or green f eed  crop s .  The few studi e s  looking a t  

these c ro p  e f f e c ts on performance  have in the main been confined t o  dry 

or growing young s tock (B�rry e t  a l . ,  1 97 1 ;  Drew, 1 96 7 , 1 9 68; Drew et al . ,  

1 9 74 ) . Few s tud ies  have involved the use o f  pregnant ewes ( S co t t  and 

Barry , 1 9 7 2 ) . 

L iveweigh t  gains in ewes during mid-pregnancy on f or age crops have 

been reco rded . For swedes a gain o f  198g/day with 90% u t i l i zation was 

found by S c o t t  and Barry ( 1 9 7 2 ) . These l iveweight gain f igures were 

higher than that which could be obtained wi th Turnips , Kale , Mangel s ,  

and Fodder Beet , a s  also wa s the percent u t il iza l ion o f  t he crop . From 

this l imi t ed informat ion swedes appeared the better forage for w in t er 

feeding o f  pregnant  ewes . 
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A .  MATERIALS 

EXPERIMENTAL PROCEDURES 

( 1 )  Experimental S i te 

39 . 

The experiment was set  up on the Number 1 S heep Farm a t  Mas s ey 

Un iver s i ty . 

Nor t h .  

This farm i s  s itua ted 4 miles s o u t h  of  Palmers ton 

The area was wel l  drained by t iles and mol e  drains. Al though 

reasonably shel tered from the co ld easterly wind s  o f f  the Tararua 

Ranges , the s i te wa s f a ir l y  exposed to mo s t  o t her winds . 

Temperature and rainfall records taken a t  the Massey University  

wea ther s t a t ion , 1 mile away to  the  north-eas t  of  the experimental 

s i t e  are g iven firstly  for the year on a monthly bas is , and secondly 

on a daily bas i s  over the experimen tal trea tment  period . See 

App endix I ( a , b ,  c , ) . 

( 2 )  Layout of  Exper imen t 

The regimes were impo sed from 1 3 / 6 / 7 7  to 2 5/ 7 / 7 7  and this 

corresponded to days 7 4  t o  1 1 6 (approxima t e ly)  o f  the gestat ion period 

for the ewe s . The regimes were : 

Tre a tment 1 :  all  sheep received 1 00% of  their d iet from swedes on 

a dai l y  break ( T 1 )  

Treatment 2 :  for the f ir st three weeks , 1 00% o f  the diet  was in 

the form of medium-qua l i t y  pasture  hay ; for the fol lowing 

three weeks , 1 00% f rom a crop of swedes a l located on a weekly 

break ( T 2 )  

Trea tment 3 :  for the who l e  6 week period 7 5% o f  the d ie t  was from 

a daily break o f  swed e s ; the r ema ining 2 5 %  f rom a daily hay 

rat ion ( T 3 )  
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Trea tment 4 :  1 00% o f  the diet  from pasture a ll ocated  according to 

animal requirement s  ( see Sec t ion C ( 5 ) ) ,  on a daily rot a t ional

graz ing sys tem with backfencing (T4 ) 

Treatment 5 :  1 00% o f  the diet  was f rom pasture allocated in one 

block ( s e t  stocking) .  This a l l owed a surplus a t  the beginning 

and a "deficit"  at the end due to slower pasture growth . (TS )  

The paddocks for  the pasture treatment s  were s epara ted by the 

paddock con t aining the swede treatments . Areas  of the paddocks 

ranged in s ize  from 0 . 36ha to O . Sha . The yard where one trea tment 

s pent 3 weeks of  the total  per iod was 0 . 06ha. Along the side o f  

mos t  of  t h e  yard a shed p rovided a shelter ing wal l .  

Hay fed in trea tmen t s  2 and 3 wa s placed in hay racks a ttached 

to a f encel ine . 

layout . 

Fi �ure 1 shows the general experimental  area 

Prior to the f ina l a lloca t ion of trea tment s  to areas , pas ture 

and crop were samples to  measure total  dry ma tter ( D . M . ) yields . 

Us ing these f igures and proj ec ted growth f igures the s ize  o f  the area 

a llocated t o  each treatment wa s determined for each set  o f  2 1  sheep . 

Paddock 1 was used for the ro t a t ionally gra z ed group , and was 

spl i t  longi tudinally into three , by the use of  temporary n e t t ing fences . 

Daily blocks were alloc a t ed wi thin these by the use o f  ei ther 

electrified n e t ting or electr i f ied 3-wire temporary f ences . 

Paddock 2 was divided up so that it  would accommodat e  the 

three swede trea tmen ts . 

Paddock 3 was used for  the set-stocked pasture treatment .  

Af t er pas ture D .M .  ana l y s i s  a temporary fence was erec ted to correc t 

the area to the right s iz e . I t  was initially hop ed tha t  this 
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treatment and that o f  the rotationa l l y  gra z ed trea tment would b e  

o f  the same area , however ,  dif fer ing pasture D . M .  yields meant this 

could not be  the cas e .  

( 3 ) Exper imental Animals  

All anima l s were par t o f  the Mas sey Univers ity Romney s tud 

flock.  Within each treatment group there were 3-2yr olds , 

7-3yr olds , 5 o r  6 -4yr olds  and 5 or 6 ewes having an age range 

of 5-7 years .  

On the bas i s  of  tupp ing records , sheep were also a l locat ed so 

that 13 sheep per trea tment had not returned to the ram a f t er the 

f ir s t  oes trous c ycle , and 7 returned once . All 2yr old ewes 

were  set t l ed by the ram in the f i r s t  o e s trous cycle . Tho se ewes 

selected a f t er re turning once were the heavier b y  weight for this  

group . 

Af ter the r equired numbers o f  anima l s  were found , a l l  were 

weighed , ini t ia l ly on the 2 3 / 5/ 7 7  and a llocated to the t r ea tment s .  

The randomiza t ion was restr ic ted to ensure a s imilar mean l ive-

weight for all the trea tmen t s . 

B .  METHODS 

( 1 ) Swede Crop Managemen t 

The swedes ( Brass ic a  napus L .  var ' New Zealand Grandma s ter ' )  

were sown in l a t e  November a t  a rate o f  0 . 7 kg/ha with 3 7 5  kg/ha 

borated rever ted  sup erphospha te . Due t o  the relat ively dry season 

the crop did no t grow wel l  and pre l iminary cuts on 6 / 5 / 7 7  showed the 

c rop to yield b e tween 4 6 7 0-4 980 kg D . M . / ha depending upon the s it e . 



The tops contain ing 1 6 . 5% D . M .  and the bulbs 1 0 . 5% D . M .  By 

1 1 /6 / 7 7  the range was only of the order o f  1 50 kg D . M . / ha , however  

the average yield  was much the same  (4 800 kg D . M . /ha) . 

had dropped to 1 5 . 5% D . M .  and bulbs to 1 0 . 4 % D . M .  

Tops 

No chemica l s  were appl ied f o r  weed control and this resul ted 

in modera t e  weed inf e s t a t ion . 

( 2 )  Pas ture Management 

The paddocks in pasture  were  cleared out  by sheep in the 

autumn per iod and then spell ed f rom the 1 1 / 6/ 7 7 .  Prel iminary cuts  

on 1 1 / 6 / 7 7  showed them to  con t a in 1 700 kg  D . M . /ha on  paddock 1 

(rotat ional ly grazed ) and 1 500 kg D . M . / ha on paddock 3 ( set

stocked ) . 

Fer t i l izer trea tment was the same as  for the rest  o f  the farm 

at  3 7 5  kg/ ha o f  superpho sphat e  appl ied in t he late spring/ early 

summer p er iod . 

( 3 ) Animal Hanagement 

4 3 .  

All ewes had been tupped when set  s tocked on gras s  prior to the 

experiment .  Tho se in the trial were ini t ia l l y  weighed on 2 3 / 5 / 7 7 .  

Once the t r ial had s tar ted a l l  were to remain in their a l l ocated 

treatmen t groups unt il the end o f  the trea tment period on 2 5/ 7 / 7 7 . 

Fol lowing this date  all  were brought together with the rest  o f  

the Romney s tud f lock and were ro t a t ionally grazed o n  past ure  t il l  

lambing . Af ter lambing ewes and lambs were set  s to cked unt il the 

las t  date  of woo l  col l e c t ion on 1 7 / 1 0/ 7 7 . All ewes had belly and 

crutch woo l  removed on 4 / 8/ 7 7 .  

During the experiment some ewes had t o  be treated f o r  foot  
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abscesses ,  scald , or to remove compac ted mud f rom between their toes . 

Those with f o o t  abscesses were inj ec t ed with 5 ml s of  " S treptopen" . 

Up to s even ewes per treatment had mud removed from between 

the toes . This  was mor e  prevalent a f ter  rainfall . I t  i s  o f  no te  

t ha t  those animals on  swedes did not suf fer any more from foo t 

p roblems than t hose  gra z ing pasture . 

Only one ewe suffered from pregnancy toxaemia . Thi s ewe in 

t r ea tment two had previously suffered f rom foo t abs�sses . She was 

f irst  trea t ed with glyc erol on 2 5 / 7 / 7 7  and the trea tment cont inued 

unt il she died on 5 / 8 / 77. A pos t- mor tem showed twin lambs , 

enlarged adrenal s ,  a fat ty l iver which also contained some yellow 

j aundice . However , there was plen ty o f  food within the s tomach . 

On 2 9 / 7/ 7 7  all ewes were vac c ina ted for Blackleg , Hal i gnan t 

Oedema , Tetanus , and Entero toxaemia . 

Lambing commenced on 10/8/ 77 , some 1 6  days post-treatmen t . 

The median l ambing date was 2 7/ 8 / 77 , 3 3  days pos t -trea tmen t . 

Within the f i r s t  2 0  days o f  lambing 8 7% o f  the ewes lambed . 

C .  EVALUATI ON METHODS 

( 1 )  Crop Samples 

The crop was sampled ini t ially on 6 / 5 / 77 to assess total D . M .  

o n  o f fer a t  that  s tage . No account was taken o f  weed or pasture  

contribut ion t o  total D . M .  However ,  by the t ime o f  f ir s t  grazing 

only pas t ure  on the edge of the paddock could have contribut ed to 

total  D . M .  on o f fer .  

The crop was sampled by taking an area 9 14mm square a t  random 

a t  3 different s i t e s  where each treatmen t was to be placed . T he 
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area was marked out  and all  the c rop within i t  pulled  f rom the 

ground and collec t ed in plas t ic bags . This was then washed sparingly 

in the l abora tory and weighed t o  g ive a fresh weight of t he bulb 

and l ea f  component s .  From these component s  subsamp l e s  were taken 

and weighe d .  The s e  were then dic ed-up i n  lengths for l eaves , and 

cubes for  bulb and dried at  80°C for 24-36 hours to enab l e  dry 

weight s  to be taken . From these a D . M . %  value of  each component could 

be comp u te d .  All weighing was carried out o n  a "Me t tler"  PN 3 2 3  

bal ance t o  the nearest  O . OO l g .  

Analyses to assess  ' intake ' o f  the crop were carried out on the 

days l i s ted in Schedul e 1 .  S ix s ites , each o f  9 14mm s quare , were 

sampled such tha t  3 si tes were f rom an area that was graz ed at l ea s t  

4 days prior t o  this sampling da t e .  The o ther 3 were f rom the area 

gra zed wi thin the last 4 days . What rema ined o f  the crop was pul l ed 

from the ground and laboratory ana lyses were carried out  a s  before . 

Al so a t  each dat e ,  2 samples from the pre-grazed area were taken to 

see i f  any to tal ava ilable D . M .  d i f ferences had occurred and also to 

allow future  feed budgeting of the crop . The difference between 

before and a f ter graz ing was taken as ' intake ' . 

out on a per-sheep per-day bas i s . 

Thi s  was calcula ted 

( 2 )  Hay Sample s  

Goo d  medium-qual ity pasture h a y  was u s e d  f o r  tho s e  treatment s  

requiring hay .  Hay was ini tially  weighed fresh and the samples 

under wen t drying a t  80° C for 24  hours , to determine D . M . % .  On the 

bas i s  of these resul t s , fresh mat ter fed out was calculated . 

Several hay samples were tes ted throughout t he trial a s  per  S chedule 

1 .  
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t\.-e. 
In t reatment 2 where hay was fed out a s � sole diet  for  the f ir s t  

three weeks , checks were made a s  t o  the di sappearance ra t e  of  hay 

per day . Thi s  was done by having a known amount o f  hay in the rack 

at the s ta r t  o f  the day and 2 4  hours later re-weighing the remains 

in the rac k .  An e s t imate  was mad e  o f  t he amount los t  o n  the ground 

from the amount collec ted from t h e  ground and weighed ( fr esh and dry) . 

In this t r ea tmen t i t  was thus rela t ively easy to \vork o u t  " intake" 

rates per ewe per day on the bas i s  o f  disappearance rat e  and 

utilisa t ion factors obtained in t rial weighings . 

( 3 )  Pas ture Samples 

Pas tures were cut at  ground l evel u s ing a "Sunbeam" elec tric 

shearing hand piec e .  The trea tments  were  cut l l /6/ 7 7  - pre-tria l , 

to determine the area needed per day . These samples were then 

placed in labelled plastic  bags and re turned to the labora tory . 

The entire sample was then washed and the wa ter drained o f f , 

leaving the samp l e  to drip dry . A fresh weight was then taken . The 

samples from the same area were bulked and a subsample (approxima tely 

1 00 grams ) taken and re-weighed . This was dried in an oven a t  80°C 

for 2 4  hours when i t  was re-weighed. From this weigh ing , dry weight 

per uni t  area was c alculated . 

At each sampling for the ro t a tionally gra zed area 3 samples pre-

and 3 samples pos t-grazing ( 24  hours la ter )  were taken i n  order to 

gauge the " intake" of pasture/ ewe / day . Sample  areas were a t  random 

and each was 9 1 4x305mm. Sampl ing was carried out every 7 days 

in this t reatment . Pasture growth  was rec orded for bo th  pre- and 

pos t -grazed  area s .  (Pla tes 1 & 2  ind icate pas ture sampling techniques ) 

With the set-stocked treatmen� pasture availabi l i t y  was 
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PLATE 1 - Pasture S ampling Techniqu e 

PLATE 2 - Yield S am pl ed Area Post-grazing 



4 8 .  

mea sured by taking 3 samples f rom the paddock plus 6 f rom within cages 

previously placed at random over the paddock . The pasture ins ide  the 

cages represen t s  pasture available a t  las t  grazing plus growth o f  

pas ture s ince then , o r  to tal pas ture availability  over tha t period . 

By deduc t ing pasture available outs ide  the c ages this represented 

an "intake" or ' d isappea rance ' rate o f  pas tu r e .  The cages were moved 

af ter each sampling and placed at a "represen tative norm" for the area . 

The s iz e  o f  each sample taken was the same a s  for the o ther pas ture 

analays is . 

S ampling in t he set-stocked area was carried out every 7 days 

unt il 1 1 / 7 / 7 7  becaus e  of  good pas ture growth condi t ions . Af t er this  

period pas ture growth slowed with the lower t empera tures (Appendix 

1 c ) and a 

on the 2 5 / 7 / 7 7 .  

1 4  day per iod was used t ill the end o f  the exper iment 

Schedule 1 o f  f ield wo rk r efers also to pasture 

sampl ing dates . 

Botanical compo s i t ion o f  pas ture was e s t imated a t  3 samplings to 

a s sess rela tive pas ture spec ies changes occurring wi th graz ings . 

Subsample s  were taken from the pas ture-ava ilability samples and were 

weighed . Approxima t ely the same weight was taken from each sample 

which wa s then separa ted into clover componen ts , grass components ,  weed 

componen t s , dead ma t ter , and a dirt  componen t . 

dried for 24 hours a t  80°C and r e-weighed . 

( 4 )  Animal Liveweights  

These were then 

Ewes were ini t i ally weighed on 2 3 / 5 / 7 7 ,  then aga in on 7 / 6 / 7 7 ,  

a f ter which t hey were weighed every 7 th day unt i l  the 2 5 / 7 / 7 7 . 

Weigh ings a f ter this  were on t he 1 5 / 8 / 7 7  ( pre-lamb) and 1 7 / 1 0 / 7 7  

( l a s t  date  o f  woo l  c ollec t ion ) . Dur ing the  treatmen t per iod all  
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animal s  were weighed out o f  the paddock in t he morning before the 

next shift  of crop or grass . Weighings were carr ied out , with the 

excep t ion of  one day , on sunny days with dry wool . All weights  were 

recorded on ' Avery ' scales to the nearest  0 . 5 kg . 

Lamb birth weights were recorded wi thin 1 2  hours o f  bir th to  

the  nearest 0 . 1 kg u sing a sling suspended from a ' Salt er ' spring 

balanc e .  Lamb weaning weights were recorded on the ' Avery ' balanc e 

to the nearest 0 . 5 kg on 7/ 1 2 / 7 7 .  

( 5 )  Feed Al l owance and Feed Budge t ing 

To tal f eed ava ilability analysis was n eces sary to be able to 

e s t imat e  ' intake ' or di sappearance rate  of feed . Figures used for 

D . M .  allowanc e were bas ed on the e s t ima tes of  Milligan and 

McConnell ( 1 9 76) . The allowance planned to result in a pas ture in take 

of abou t 0 . 85 kg D. M . /day . This wa s regarded as  the maintenanc e 

intake for a 5 5  kg ewe in early pregnanc y ,  graz ing a mixed length 

leafy pas ture wi th  a M . E .  concentrat ion o f  1 0 . 8MJ . ME /kg D . M .  In 

the f inal two weeks of  the t rea tmen ts , intake was designed to rise to 

1 . 3  t imes ma int enance or 1 . 1 kg D . M . /day . The swede crop was assumed 

to have a ME concentra tion o f  1 3 . 5MJ . ME / kg D . M . 

U t ilisa tion factors were estima ted a t  80% for the swede crop and 

hay trea tments , and 65% for the ro tat ionally grazed pas ture treatment . 

( 6 )  Wool Produc tion 

Wool produc t ion wa s measured by means of  sequen t ial samples taken 

from the lef t  hand midside posi t ion o f  the sheep as well as by fleece 

weigh t s . 
2 

Mids i d e  patches o f  approxima tely 1 00cm were es tablished on 

all sheep on 2 3 / 5 / 7 7 ,  and cut pre-tr ial again on 1 3/ 6 / 7 7 .  Af ter 



thi s , samples wer e  taken a t  the mid-experimental trea tment period 

(3 weeks ) , a t  the end of  the trea tmen t period , j us t  before lambing 

and l a s tly at ma in shear ing on 1 7 / 1 0 / 7 7  ( se e  Schedule 2 of f ield  

5 0 .  

work) . Because o f  the large numbers o f  sheep involved i t  was f elt 

that tatoo ing boundaries  o f  clipped mid s ides  could be avo ided by 

care  in c l ipping . Wool was removed using "Os ter" elec tric c l ipper s 

( si z e  4 0  blades ) . ( Pla tes 3&4 show wool sampling) 

The lengths o f  the f our sides were measured a t  the ini t ia l  clipping 

to the nearest  mill imeter . The pa tch a rea was then estima ted f rom 

tho se d imens ions a s suming rec tangular shape . 

On 4 / 8 / 7 7  all ewes had the belly and c ru tch  wool removed . 

These  were we ighed separa te ly . The samp l e  from one ewe per age group 

in each trea tmen t wa s taken a t  random and brought bac k  to the lab

ora tory and scour ed accord ing to the procedure  ou tlined in 2 ( g ) . 

On the  basis o f  t h e  clean scoured yield all ewe c ru tching weigh t s  

i n  each a g e  for e a c h  trea tment were then a d j usted and analysed f o r  

t r ea tment and age d i f ferences . This wa s to  see if there was any 

s ignif icant ef fec t on we ight caused by " expec ted" mud con tamina tion 

of the belly wool on swede trea tmen t s . All greasy crutching w� igh ts 

were measured to the nearest  0 . 1 kg . Al l laboratory weighings were 

carr ied out on a ' Mettler ' PN 323 balance to the nea rest  0 . 00 1  g .  

To indicate  the area in the staples during which t ime the 

trea tmen ts were applied , the dye-band ing t echnique ( Chapman and 

Whee l er , 1 9 6 3 )  was used to mark the woo l  a t  skin level at the s ta r t  

and f in ish o f  the s ix week treatmen t perio d .  Dye was appl ied o n  t he 

l e f t  midside , j us t  in front o f  the sampling area . A pipe t t e  was 

used to run a f ine  l ine o f  dye solut ion a long the skin ensuring 
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PLATE 3 - Ewe P l a c ement for Wool Sampl ing 

PLATE 4 - Patch Woo l  Harvest ing 
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a dequa te wet t ing  o f  the base of  the f ibres . I t  was found convenient 

t o  dye along a l ine 5- 1 0cm in the opened fleec e .  The line was i n  an 

anter ior-po s t erior  line on the sheep . 

on 1 7/ 10/ 77 ,  a t  shear ing . 

These samples were r ecovered 

The dye used wa s an aqueous Dura fur-Black R solut ion which was 

p r epared imme d ia tely pr ior to using by d issolving 0 . 8g of Durafur-

Black R flakes in  1 00 mls o f  cold dist illed wa ter . When the flakes 

were dis solved 0 . 8  mls o f  concen t ra t ed hydrogen peroxide ( 1 00 vol )  

w e r e  added as  a n  oxidan t .  I t  took approxima tely 4 hours f o r  the 

black c olo ur a tion to appear in the wool . 

( 7) Scour ing 

( a )  Cru tchings 

Sample crutchings were divided up into belly and crut ching port ions 

and condi t ioned for 48 hours in a humid ity  room at 20
°

C and 6 5 %  

r ela t ive humi d i ty , then weighed greasy . They were then allowed to 

soak in cold wa ter  for 20 minut es . A f t er teasing open or us ing a 

n1echan ical opener , they were then scoured us ing the four bowl detergen t  

a n d  wa ter scour ing method . Af ter emerging f rom the las t  bath  the 

samples were ' spin dried ' , before being placed in a blas t  of ho t air . 

The samples were then allowed to cond i t ion for 4 8  hours before  rewe ighing 

a f ter  which yield was calcula ted . 

(b)  Mid-side samples 

The ' greasy ' wool samples were cond i t ioned in a humidity room 

fo r  48 hour s  at 2 0°C and 65% r . h . af t e r  which t hey were weighed . 

To s cour, the samples were placed in small individually labelled nylon 

bags and scoured in organic  solvent s . The sequence of  solven t s  in 

which the sample s  were placed for three minutes , was petroleum 

e ther , 95% alcohol , and cold deionised wa ter . 
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( see Append ix 2 for the mineral content o f  d e ioni sed water ) . 

There was l ittl e  ag itation o f  the bags in the solvents. The samples 

were d r ied in a b l ast o f  warm air , and again allowed to condition in 

the humid ity room for 48 hours before be ing re-we ighed on the ' Mettler ' 

ba lance to 0 .  0 0 1  grams . These samp l e s  were then stored away irr 

individua l l y-labelled brown-paper envelopes . Final results were 

2 
expr essed for  growth as weight per un it area per day (mg / cm / day ) . 

The dye banded samp l e  that wa s used in tensile strength tests 

under went the same scouring treatment . 

( 8 ) Prescou ring Fleece Charac t e r i stic Grad ing 

The f u l l  l ength woo l sample that conta ined both dye-banded and 

non-dye banded wool was as sessed for the f o l lowing character i stics : 

( i ) qua l ity number 

( i i ) charac ter  

( i i i ) s tapl e length 

( iv ) c r i mp frequency 

( v )  hand le 

(vi ) l ustre 

(vii ) soundness 

( v i i i ) t ip p iness 

( ix ) colour 

( x) C Ot ting 

The grading system is as  d e f ined by Sumner ( 1 9 6 9 ) . Many 

�haracteristics being asses sed on a ( l ) in ferior to ( 9 )  supe r io r  

ijcale such that data tend'd to con form to a no rma l d i st ibut ion 

see Append ix I I i ) . 
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( 9 )  Tensi l e  S trength 

A dye-banded sample  was taken and placed a long a rul er and 

measured to the nearest 0 . 5cm . The pos i t ion o f  the dye bands along 

the s taple was no t ed .  In general the width o f  each dye-band ex tended 

no more t han 3 mm in length . 

The sample s taples from each ewe wer e  then taken and condit ioned 

in a controlled humidi ty room at 20
°

C and 65% r . h .  for  24 hour s .  They 

were then tested on a "Houn s f ield Tensomet er"  whi l s t  s t i l l  in this 

room , using a mod i f ica tion o f  the technique o f  Ross ( 1 960) . The 

but t end was placed  in the stat ionary s e t  of  j aws to 2 ems and then 

a t e s t  length o f  5 cm from these j aws to a set o f  moveabl e  j aws  was 

mea sured and these c l amped tight . The t est  length incorpora ted 

bo th  dye-bands .  Tension was appl ied by means o f  a han d wound screwing 

dev ic > unt i l  the s tap le began to brea k .  The po sit ion o f  t h e  b reak 

was no ted i n  the s taple , and also the maximum load needed to b reak 

the s tapl e .  The samp le l ength be tween the clamped j aws wa s c u t  and 

placed in a sma l l  nylon bag for scou r ing . The value analysed from 

each sheep was t h e  mean from tes t ing f iv e  s ta p l es . The samples  a f ter 

sol ven t scouring were dried and cond i t ioned for a min imum o f  24 hours 

before re-weighing . The maximum load was calcula ted as kg force  

per  gram of  samp l e  per  cm  o f  length . 

( 1 0 )  Fibre Length Es t ima tions 

For early samples all ewes were tes ted for fibre length u s ing 

the method discus sed below ,  but a s  t ime ava ilable became l im i t ing i t  

was dec ided t o  t e s t  one ewe at  random f rom each age group within 

each treatment . 

The mean f ibre length o f  th se 5 samples was e s t ima ted us ing 
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the following technique . From the scoured midside samples a t  each 

of  the test ing dates  a few fibres taken at  random were placed between 

two pieces of  glass  and the image pro j ec ted onto a whi t e  wall a t  1 0x 

magnificat ion using a photographic slide proj ec tor . The images were 

then traced onto paper , measured by means of a car tome ter and the 

mean length calcul ated . Twen ty f ibre lengths per ewe were measured . 

The f ibres were too long , in the f inal sample , to f i t  between the 

slides of glass . A p iece o f  carbon paper wa s placed over a lengt h  

of  me tric graph paper . The bu t t  of  each f ibre was gripped in f ine 

forceps which were drawn along the carbon-covered graph paper un t il the  

t ip emerged from under a piece  o f  cardboard at  the  start o f  the  graph 

paper . The tip o f  the forceps was forced onto the carbon , leaving 

a mark on the gra ph  paper undernea th . The posit ion o f  these marks 

on the graph pape r gave the f ibre length d i s t r ibu t ion in the sample . 

Flbre l ength re sults are given i n  mm growth per day for  the f ive 

sampling dates . 

( 1 1 )  Fi bre D l ame ter E s t ima t ion  

From the scoured mid s ide sample a sub-samp l e  was p l aced over 

a p iece of curved woo d . This was then c u t  a t  several d i f ferent 

places by a se t of two razor blades 1 mm apar t .  The f ibre snippet s  

between the blades were then brushed onto a microscopic slide containing 

a drop  of cedar wood o il and a cover slip was applied . Twenty-f ive 

f ibres f rom each slid e were measured on a pro j ect ion microscope 

following the technique recommended by I . W . T . O . ( 1 96 1 ) . 

Ptom th se d a ta the mean and standard devi a t ion o f  f ibre d iame t er 

was cal culated . 
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Only data f rom tho s e  ewes that lambed were analys ed. The data 

were analy s ed us ing the Ma ssey Un iversity B6 7 00 computer u s ing three 

so ftware packages. 

At f ir st the data was analysed us ing the M . A.F. Invermay vers ion 

pack ' Xal ema Omn i t ab ' i n  conj unction with the pack ' Xa l ema Teddyb ear ' 

(J.B. \-J il son , 1 9 7 6 ) . Be cause o f  the structure o f  the data and the 

relative inf lexibi l ity o f  the Teddybear package only two factor s  at 

a time could be ana ly s e d . Thu s two mod e l s , including age and treat-

ment , and then b i rth and treatment were analysed  sepa rate ly. Us ing 

these packages it wa s f ound that the two -way interaction terms were 

non- s l gni f i cant. Where a l l  three ma in e f f ects were s ign i f ic ant , 

(ur thc r ana lyses were c a r r ied out u s J ng the General Linear Inter-

�ctivu Mo del l ing ( GL I M )  package desc r ibed by Nel der ( 1 9 7 5 ) .  

The analysis o f  variance mo del s investigated with ' Teddybear ' 

were e ithe r :  

X . . 1 l ]  

or �j l  

Hhere \1 

a .  l 
t .  J 
rk 

( at ) 
ij 

c !: ) kj 

\1 + a . + t .  + (at) . . + e . .  1 .l J l J l j  \1 

+ r
k 

+ t .  + ( rt\j 
+ e

kj l  J 

general mean 

= e f f ect o f  the . th l age 

ef fect o f  the 
. th 

treatment J 
= the e f fect o f  the k

th 
b irth rank 

= e f f ect o f  the inte raction o f  the i
th 

ag s.nd h . th 
t e J treatm •nt 

e f f  e t o f  the inte raction o f the kth b i rth 

ran k and t he j
th 

t rea tment 

res idual 
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All animal and woo l character i s t ics were tested us ing these 

techn ique s . Dif ferenc e s  in body weight o f  ewes were tes ted by 

the covar iance analysis  using the s t art o f  the t reatmen t body weigh ts 

a s  the independent var iable . 

Wool growth d if ferences of  midside samples in d iame t er , f ibre 

length , and weight per unit area per day were tested by covariance 

analysis  using d iameter , length , or weight s  o f  wool samples at the 

beginning of  trea tmen t s  as the independent variable . 

or 

The mod els used in  the cova r iance analyses were : 

y .  ' 1  1 ]  \J + a . +  t .  + ( a t )  . . + 8 1  (X-X) . .  k 
+ e . . 1 1 J 1] 1] 1 ]  

where the S s = regres s lou  coe f f i · ien L s  o f  Y or  X .  

I f  a ll the ma in e f f ects  were s i gni f ican t t he data were further 

analysed using C L I M  where the model was : 

where \J general mean 

a .  
1 

t .  J 
rk 

8 (X-X) 
i j k 

e
ij kl 

= 

the ef fec t of  

the e f f ec t of 

the ef f e c t of  

co rrec t i on for 

residual 

the . th 
1 age 

the . th trea tment J 

the k th birth rank 

the regres sion on date of par turit ion 

The s ignificance o f  differences be tween mean trea tment effect  

wera eval ua ted by Duncan ' s  New Multiple  Range Test (Duncan , 1 9 55 ) . 
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RESULTS 

A .  FEED ' INTAKE ' AND EWE LIVE WEIGHT 

58 . 

Average D . M . ' in take ' f igures for  all  5 trea tmen t s  are l isted in 

Tabl e  1 .  

TABLE 1:  AVERAGE DAILY INTAKE FOR EHES ON EACH TREATMENT 

Treatment Number 1 2 3 4 5 

IntakeX ( kg DM/ ewe/day) 0 . 68 0 .  59  0 . 8 4 0 . 9 l .  68 

A summary of  the anal yses of  covar iance o f  ewe l ive we ight us ing the 

two fac tor analyses are g iven in Tabl e  2 .  The t r ea tmen t a f f ec t  was 

highly sign i f ican t ( p  < 0 . 0 0 1 )  throughout the trial  p er iod un til  1 5 / 8 / 7 7 .  

Ewe age wa s s igni f icant ( p  < 0 . 05)  o n  1 1 / 7/ 77 and 1 8 / 7/ 77 , when older 

ewes (� 5 yrs )  are l ighter (p= 0 . 05 ) . Tab le  3 g ives the adj us ted l ive 

weights over each per iod for each trea tmen t .  Fig . 3 ind icates the 

unadjus ted mean treatmen t l ive weights throughout the t r ial . 

The bir th rank e f f ec t  approaches s ignif ican c e  ( p  < 0 . 1 0 ) on 2 5 / 7/ 7 7 

and i s  highly s igni f icant ( p  < 0 . 00 1 )  at  1 7/ 1 0 / 7 7 .  Ewes bear ing s ingles  

in i t ially were l i gh t er pre-lamb ing and heavier pos t-lamb ing a f ter 

correct ing for pre-trea tment  l ive weight d i f ferences , than those  bear ing 

twin lambs ( 60 . 5.±_3 . 5 v 6 1 . 1:!) · 9  and 60 . 9.±_3 . 4 v 5 6 . 9.±_3 . 9 ) . 

In  a l l  treatment s  ut i l iza t ion o f  feed var ied according to weather 

cond i t ion s .  On a warm dry day u t i l i zation was u p  to 90%  and 8 2 %  for 

swede and grass graz ing respec t ivel y ,  but on a we t day this dropped to 

30% and 38% r espec t ively . Es t ima t ed u t i l i z a t ion f igures over the to tal 

period were : 64% ,  6 7% on hay and 60%  on swedes , 7 0% ,  and 7 0% for 

Tl  to T4 respec t ivel y .  Pla tes 5 and 6 show u t il isat ion o n  T l  and T3 . 
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TABLE 2 Mft:IN SQu FtRf S ANALY S I S  OF COVARIANCE OF EWE LIVE WEIGHTS - TWO WAY ANALYS I S  

Source o f  
var ia t ion 

Age 

Tr ea tmen t 

A X T 

Res idual 

Birth Rank 

Trea tmen t 

Br x Tr t 

Re sidual 

d .  f .  
20/6 / 7 7  2 9 / 6/ 7 7  4 / 7 / 7 7  1 1 / 7 / 7 7  

3 0 . 90 2 . 84 3 .  1 4  9 . 50 

4 1 08 . 9 1 *** 93. 99*** 92 . 2 1 *** 1 89 . 65*** 

1 2  2 . 4 2 3 . 4 6 3 . 85 2 . 87 

7 6  l .  50  2 . 2 5 3 . 03 3. 22 

1 0. 3 7  1 . 4 3 2 .  7 6  4 . 7 0 

4 1 82. 1 2 *** 1 1 3 . 90*** 1 1 0 . 62*** 22 3 . 6 1 *** 

4 0 . 80 l .  99 0 . 96 l .  26 

86 l .  64 2. 44  3. 2 5  3 . 4 2 

Throughout the Text the fol l owing symbols  apply : 

t p < 0 .  1 0  

* p < 0. 05  
** p < 0 . 0 1 

*** p < 0. 00 1 

1 8/ 7 / 7 7  2 5 / 7 / 7 7  

1 2 . 1 2 * 9 . 1 8  

1 7 7 . 08*** 164 . 02 *** 

1. 93  2 . 32 

3. 9 0  5 . 80 

4 . 2 9 1 8. 9 5 t  

2 07 . 1 0*** 1 89. 7 1 *** 

3 .  1 4  2 .  1 5  

3. 9 0  5. 4 4  

1 5 / 8 / 7 7  1 7 / 1 0/ 7 7  

1 1 . 88 2 9 . 83 

1 52. 8 7 *** 7. 5 5  

1 1 . 20 1 9 . 20 

1 3. 69 1 5 . 48 

6 . 64 306 . 68 *1<* 

1 4 5 . 38*** 1 4 . 36 

1 0 . 7 7  1 0 . 54 

1 3 . 5 6 1 3 . 34 

lJ1 
\!) 
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TABLE 3 

Trea tment 

1 

2 

3 

4 

5 

ADJUSTED MEAN LIVE V.TEIGBTS OF EWES ON EACH TREATMENT (kgs ) 

20/6 / 7 7  2 9 / 6 / 7 7  4 / 7 / 7 7  1 1 / 7 / 7 7  1 8 / 7 / 7 7  2 5 / 7 / 7 7  1 5/ 8/ 7 7  

50 . 4 2  A 5 1 .  4 0AB 5 1 . 02AB 5 1 . 3 1 B 50 . 4 9 B 52 . 0 1 A 5 9 . 1 2AB 

4 9 . 75  A 5 0 . 1 7  A 50. 79 A 4 7 . 88 A 48 . 47 A 4 9 . 2 0  A 56 . 08 A 

5 1 . 4 7 c 5 2 . 2 0  B 5 1 . 74AB 5 1 . 90 B 52 . 05 B 55 . 05 B 6 0 . 08BC 

5 1 . 1 2 B 52 . 56 B 52 . 37 B 5 3 . 88 c 5 3 . 94 c 5 6 . 09 B 63 . 02CD 

56 . 6 1 D 56 . 83 c 56 . 90 c 5 7 . 40 D 5 7 . 3 3 D 5 6 . 7 2 B 6 3 . 5 5  D 

A ,  B ,  C ,  D - f igures with di f fering l e t ters d i f fer s ignif icantly a t  the 

0 . 0 1 %  level of s igni f i canc e u s ing Duncan ' s  New Mul tiple 

Rang� Te st . 

1 7 / 1 0/ 7 7  

5 9 . 3 7 A 

5 7 . 79 A 

5 7 . 98 A 

58 . 86 A 

5 8 . 44 A 

0'\ 
0 
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PLATE 5 ' Da ily b r eak ' and Swed e  U t i l i sa t ion i n  T l  

PLATE 6 - Hay Feeding and Swede Util isat ion i n  T3 
( in last  week o f  t rea tmen t )  
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U t il i za t ion f igures for T 5  c o u l d  no t b e  calcula t ed . In T2 and T3 hay 

had an average D . M .  % o f 86% . Henc e f o r  T2 , 0 . 69 kg o f  ' wet ' hay /ewe / 

day wa s consumed . Plate 7 shows the ewe s in T2 dur ing hay f eed ing . 

When this  trea tmen t changed over to a swed e d ie t  on a weekly break 

in i t ia l  u t i l i za t ion wa s poor ( �5%) , but this improved so that  by the end 

of the 3 week per iod u t il izat ion wa s similar to  t ha t  in T1 and T3 

( P l a t e  8 ind icates swed e u t il i zat ion a f t er 1� weeks in T2 ) . 

Weekly pa s ture y ield samp l ings in T4 and T5 ind ica t ed t ha t  f or T4 

pa s tur e growth wa s 34 kg DM/ha / day un t i l  1 4 / 7 / 7 7 .  From then un t i l  the 

end o f  the trea tmen t per iod t h i s  dropped to 19 kg DM/ha /day ( Pl a t es 9 - 1 0 

show T4 pasture u t i l izat ion ) .  However , in T5 for the same 

p ed.od s ,  f igur es wer e  60 and 1 9  kg DH/ha /day . Cl ima to logi cal data 

(Ap p end b< 1 ( a ) )  in l l c n t e  the r e l a t ive warmth o f  the season un t il 1 4 / 7 / 7 7 .  

Bo tan ical  compo s i t ion c hange s  o f  the pa s t u r e  under the two gra z ing 

man8gemel1t sys t ems a r e  given in Tab l e  4 .  Und er bo t h  sys t ems the gra s s  

c omtJonen t propor t ionatel y  incr eased b y  a t  l east  1 0% .  Clover decreased as  

the cold r t empera tures  became more f r equent ( s ee Appendix 1 ( c ) ) .  

Est ima ted ' in take ' f igur e s  f or the r o ta t ionally gra zed trea tmen t and 

set  s to c ked trea tmen t over ea ch per iod are given : 

TABLE 5 :  

Trea tmen t 

4 

5 

INTAKE ESTIMATE S  FOR THE PASTURE GRAZI NG TREATMENTS 

( kg DM/ ewe / day ) 

Per iod 

2 0/ 6/ 7 7  28 / 6 / 7 7  4 / 7 / 7 7  1 1 / 7 / 7 7  1 8 / 7 / 7 7  2 5 / 7 / 7 7  

1 . 0  

1 .  7 6  

0 . 7 

2 . 1 4 

1 .  1 8  

1 . 6  

1 . 1 8 

1 .  36 

0 . 96 1 . 1 

1 . 4  

The 1 . 7 6  kg DM f igure represen t s  3 . 2 % o f  ewe body we igh t and the 

2 .14 kg DM r epre s en t s  3 .  7%  ewe body weight a t  tha t t ime . Cor respond ing 

l ive weight changes for bo t h  trea tmen t s  are shown in Fig . 4 .  
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PLATE 7 - Hay Feeding in 1 s t  3 Weeks o f  T2 

PLATE 8 - Swede U t il i sa t ion a f t er 1 � Weeks in T2 
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TABLE 4 BOTANICAL COMPOS ITION CHANGES OF PASTURE 

Set Stocking 4 I 7 / 7 7  1 1 / 7 / 7 7  26/ 7 / 7 7  

Grass  4 5 . 6  % 55 . 3  % 64 . 9  % 

Clover 1 5 . 6  1 9 . 0 1 1 .  7 

Weeds 3 .  7 3 . 3  ) 
) 

Dead Ma t e r ial  34 . 3  22 . 3  ) 2 3 . 4  
) 

Soil 0 . 8  0 .  1 ) 

Ro ta t iona l l y  Grazed 4 / 7 / 7 7  1 8 / 7 / 7 7  

Gra s s  63 . 0  % 7 2 . 7  % 

Clover 9 .  l 5 . 7  

Weeds  2 . 3  0 . 9  

Detid Ma t e r ia l  22 . 9  1 9 . 9 

S o il  2 . 7  l . 3  



PLATE 9 - Ro tat ional G razing (T4 ) Indicating Pre
and Pos t -Gra z ing Y ields 

PLATE 10 - T4 Po st-Graz ing on a Dry ( righ t )  and Wet ( l e f t )  Day 

6 5 .  
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B .  WOOL PRODUCTION 

( 1) Woo l  Growth Ra te  

68 . 

From the t hr e e-way main eff ec t s  only , analys is of covariance ( Tabl e  

6 ( a ) ) t r ea tment effects  were h ighly s ignif icant ( p  < 0 . 0 0 1 )  f o r  weight 

of  woo l  produced per uni t  area , unt i l  1 5 / 8 / 7 7  (pre-lambing ) . 

T 1  and T3 ( swede/hay var i a t ions ) produced sign if icantly l e s s  woo l  

t han e i t her pas ture graz ing trea tment s  unt il 1 5 /8 / 7 7 . There was no 

carryover effect  o f  treatmen t to  1 7 / 1 0 / 7 7  ( Tabl e 6 (a) and Fig . 5 ) . 

Age of  ewe increased in s ignif icance from p < 0 . 05 to p < 0 .001  

throughout the  t r ia l .  Older ewes ( >,  5 years)  produced less  woo l  through-

out the tr ial ( Fi g . 6 ) . Birth  rank wa s s ignif icant ( p  < 0 . 05)  a t  2 5 / 7 / 7 7  

and 1 5 / 8 / 7 7  and al so a t  1 7 / 1 0/ 7 7  ( p  < 0 . 0 1 ) , Tab le 6 ( a ) . In  all  

cases those ewes with  s ingle lamb s produced mor e woo l  t han those  ben r ing 

twins ( Tab le 7) . 

The regres s ion on pre-tr ia l  growth was highly sign i f ican t ( p  < 0 . 00 1 )  

at  4 / 7 / 7 7  and 2 5/ 7 / 7 7 .  This l evel of s ign if icanc e dropped to p < 0 . 0 1  

a t  1 5/ 8 / 7 7  and t he r egr ession was not signif icant a t  1 7 / 1 0 / 7 7  post  lambing . 

Tab le 7 presen t s  the adj u s t ed mean s for weight of  wool produced per 

un i t  areu with Duncan ' s  New Mul t ip l e  Range values at the p = 0 . 05 

s ign i f icance level . 

( 2 )  Fibre Diameter 

Tab l e  6 ( b )  o f  three-way main effec t s  only ana lysi s  o f  covar ianc e for 

f ibre d i ameter ind icates tha t the treatment s  had a s ign i f icant e f f ec t  

( p  < 0 . 0 1 )  a t  4 / 7 / 7 7  and a highly  sign i f ican t effect  ( p  < 0 . 00 1 )  a t  bo th 

2 5/ 7 / 7 7  and 1 J/ 8 / 7 7 .  There was no carryover effect  to the 1 7 / 1 0 / 7 7 . 

By the �hd o f  the treatment p er iod ( 2 5 / 7 / 7 7 )  T4 and TS had a mean f ibre 

d iamet �� whicH wa s ' ign if ican t ly grea te� than any of the lb rage crop 

tr�a tm�n t s  ( T�bl e  8 ) . Fig . 7 ihd ica t · � the uhadjus ted m��n f ibre 

d iamet er s  over t he xperimen tal p er iod . 
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TABLE 6 (a)  

Analysis  o f  Covar iance for weight  o f  wool  per uni t  

area adj us t ed for weight a t  t h e  pre-trial sampl ing 

Source of 4 / 7 / 7 7  2 5 / 7 / 7 7  1 5 / 8 / 7 7  1 7 / 1 0/ 7 7  
vari a t ion d .  f .  M . S .  M . S .  M . S .  M . S . 

Trea tment 4 . 3 2 7 0***  . 8 5 2 2*>'<* . 4 5 02 *** . 04 6 9  

Age 3 . 04 3 0* . 0783*,� . 2 5 64 *** . 6848 *** 

B i r th Rank 1 . 02 1 5  . 1 04 9* . 2 7 80'1'< . 7 5 5 5** 

Reqr:e<:. <> �'""' on 
1 3 / 6 / 7 7  . 74 20 *** . 4 5 1 1 *** . 35 0 5** . 0899  

Res i dual 87 . 0 1 04 . 0 1 7  3 . 04 1 5  . 0666 

TABLE 6 ( b )  

Ana l ysis  o f  Covariance for F ibre Diameter adj usted 

for pre-t rial diame ter 

s o u r c e  of 4 / 7 / 7 7  2 5 / 7 / 7 7  1 5 / 8 / 7 7 1 7 / 1 0 / 7 7  
v�=t r ia t lon d .  f .  M . S .  M . S .  M . S .  M . S .  

Trea tment 4 36 . 3 1 ** 2 52 . 3 *** 78 . 5 7 *** 1 3 . 88 

Age 3 1 1 .  1 6  1 0 . 3 5  3 5 . 57 * 1 3 . 64 

B i r th Rank 1 0 . 4 6 9  24 . 9 0t 1 3 . 2 7  1 2 . 1 8  

Regr e s s ion on 
1 3 / 6 / 7 7  5 2 7 . 5 * * *  1 52 . 0*** 1 32 . 2*** 9 6 . 26* 

Res idual 8 7  8 . 803  8 . 885  1 0 . 6 3  1 5 . 98 
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TABLE 7 ADJUSTED MEANS OF WEIGHT OF WOOL PRODUCED PER UNI T  AREA 

Trea tment 

Age 

B i r th 

General Mean 

2 
mg/c m  / day 

4 / 7 / 7 7  2 5/ 7 / 7 7  

1 . 38 1  ab 1 . 28 5  a 

2 . 3 1 8  a . 2 24  a 

3 . 39 0  b . 303  a 

4 . 52 3  c . 568 b 

5 . 68 3  d . 7 6 1  c 

1 . 4 64  ab . 4 7 1  b 

2 . 4 9 8  b . 4 5 1  b 

3 . 4 6 9  b . 44 1 b 

4 . 4 08 a . 3 50  a 

1 . 4 7 6  . 4 64  b 

2 . 44 3  . 39 2  a 

. 4 5 9  . 4 28 

1 5 / 8 / 7 7  

. 36 6  a 

. 3 34  a 

. 4 2 8  a 

. 7 0 7  b 

. 6 32  b 

. 62 5  c 

. 50 5  be 

. 4 7 9  b 

. 364 a 

. 5 5 1  b 

. 4 36 a 

. 4 9 3  

1 7 / 1 0/ 7 7  

1 .  2 44 

1 .  1 7 6  

1 .  1 4 4  

1 .  2 54 

1 .  2 7 0  

1 . 4 3 1  c 

1 .  2 58 b 

1 .  1 20 a 

0 . 982  a 

1 . 3 1 1  b 

1 .  1 24 a 

1 .  2 1 8 

1 a ,  b ,  c ,  d s how s igni f icanc e o f  d i f f e rences by 

Dun ·an ' s  New Mul t ip l e  R· nge Test . Thos e  

values with  differing l e t t ers a r e  s ign i f icantly 

d i f ferent f rom each o ther a t  p = 0 . 05 l evel 

o f  s igni f i c ance 

7 2 .  
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TABLE 8 ADJUSTED MEANS OF FIBRE DIAMETER (�m) 

4 / 7 / 7 7  2 5 / 7 / 7 7  1 5 / 8 /77  1 7 / 1 0 / 7 7  

Treatment 1 28 . 8  ab 2 7 . 0  b 2 6 . 0  a 39 . 1 

2 2 7 . 1 a 2 4 . 0  a 2 5 . 7 a 38 . 5  

3 28 . 5  ab 2 7 . 1  b 2 6 . 6  a 3 7 . 3  

4 3 0 . 3  be 3 1 . 7  c 3 0 . 5  b 37 . 6  

5 3 1 .  3 c 3 3 . 7 d 2 9 . 6  b 3 7 . 5  

Age 1 28 . 9  2 9 . 1  2 9 . 1 b 38 . 7  

2 28 . 3  2 8 . 8  2 7 . 8  ba 37 . 2  

3 29 . 8  2 9 . 0  2 7 . 6  ba 3 7 . 2  

4 2 9 . 8  2 8 . 0  2 6 . 2  a 38 . 4  

B -i r t h  Rank 1 2 9 . 2  2 9 . 2  28 . 1  3 8 . 3 

2 2 9 . 2  28 . 2  2 7 . 4  3 7 . 7 

G � neral  Mean 2 9 . 2  2 8 . 7  2 7 . 7  38 . 0  
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Age o f  ewe was only s ignif icant ( p  < 0 . 0 5 )  a t  the pre-lambing per iod 

( 1 5 / 8 / 7 7 ) . Two-year o l d  ewes had coarser f ibre d iameters than older 

ewes ( �  5 y ears) . Table  8 .  

Birth rank approached sign i f icance ( p  < 0 . 1 0) only  at  2 5/ 7 / 7 7 . 

The regre s s ion on pre-tr ia l  f ibre d iameter wa s highly s igni f i�ant 

(p < 0 . 00 1 )  un t il 1 5 / 8 / 7 7 . At 1 7 / 1 0/ 7 7  this wa s ( p  < 0 . 05 ) . 

( 3 )  Fibre Length 

Trea tment had a h ighly s ignif icant ef fec t  (p <0 . 00 1 )  on f ibre 

length grow th rate  ( Tabl e  9 (a) ) .  

Pas ture f eeding treatment s  had grea ter growth rates  than those  

invo lving swedes and /or hay (Table 9 (b ) ) . At 1 5/ 8/ 7 7  the treatment 

ef f ec t  was s ignif ican t ( p  < 0 . 0 1 )  however only T 1  was sign if icantly  d i f f erent 

£ t om T4 and T5 (pa s ture ) . By 1 7 / 1 0 / 7 7  ther e wa s no trea tmen t effec t 

on f ibre l ength .  

Age inf l uenced fibre  length s ign i f icantly ( p  < 0 . 0 1 )  a t  4 / 7 / 7 7  a ud 

2 5 / 7 / 7 7  ( p  < 0 . 00 1 ) . Af t er this period no age e f f ect  was found . 

The interac tion age x treatmen t was highly s igni f ican t ( p  < 0 . 00 1 )  

un t i l  1 7 / 1 0 / 7 7  when the l evel o f  s ignif icance f el l  ( p  < 0 . 0 1 ) . 

F i g .  8 shows the unad j us ted trea tment means for f ibre l ength 

growth rate (mm/day) over the exper imental perio d . 

(4 ) Woo l  Charac ter i s t ic s  

From t he analysis o f  variance ( Table 1 0 )  u s ing the two way 

ana lyses , neither age x t r eatment nor birth rank x trea tment t erms were 

signi f icant . 

Age had a highly s ignificant ef f ec t ( p  < 0 . 00 1 )  on greasy f l eece 

w@ !ght ,  scoured crutc h ing weight s s taple lengt h ,  and c o lgur , with c r imps 

pet cent ime tre app roaching s ign i f icanc � (p  < 0 , 1 0 ) . 

Treatmen t was sign i f ican t fgt c o l our only (p < 0 , 0 5 )  in the age x 

treatmen t ana lysis , In a l l  the b irth rank � t r �a tmen t only colour 

. I 
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TABLE 9 ( a )  ANALYSIS  O F  COVARIANCE O F  FIBRE LENGTH ADJUSTED FOR 

FIBRE L ENGTH ON INITIAL SAMPLING 

Source o f  4 / 7 / 7 7  2 5 / 7 / 7 7  1 5/ 8 / 7 7  1 7 / 1 0 / 7 7  
var iance d . f . MS MS MS MS 

Age 3 2 3 . 4 8 7 ** 1 02 . 982*** 4 . 897 1 7 . 4 6 2  

Treatment 4 1 3 5 . 1 4 1 *** 1 1 8 . 6 54 *** 2 1 .  7 8 1 ** 4 . 4 7 4  

Age x Tr t 1 2  2 8 . 7 8 2 ***  34 . 89 3*** 3 0 . 1 28*** 3 5 . 098**  

Res idual 3 0  4 . 1 8 4  6 . 228  5 .  072  1 0 . 6 1 7  

TABLE 9 ( b )  ADJUSTED FI BRE LENGTH TREATMENT HEANS (mm/ day )  

Trea tment 4 / 7  I 7 7  2 5 / 7  I 77 1 5/ 8 / 7 7  1 7 / 1 0/ 7 7  

1 . 32 0 3  a . 36 9 /  b . 38 8 8  a . 4 8 6 7  

2 . 3082  a . 32 00 a . 4 1 32 ab . 4 4 0 3  

3 . 3 1 08  a . 3 3 7 7  nb . 3990  ab . 5 1 54 

4 . 3 9 2 5  b . 4 399  d . 4 396  b . 5 1 09 

5 . 4 2 6 6  c . 4 04 2  c . 4 3 84 b . 4 969  
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'lmr.L.il 10 ANALYSIS OF VARIANCE OF WOOL CHARACTERlS�lCS US ING THE TWO FACTOR ANALY S I S  

Source o f  Qual ity S taple 
V'aria:tion d .  f .  G . F . W .  s . c . w .  Number Length C . P . C .  H.-:mdl e  Lus tre 

MS MS MS MS MS MS MS 

Age 3 1 3 . 4 2 2 4*** 0 . 8885*** 1 .  0952  1 60 . 9287*** 0 . 1 034 t 0 . 4 006 0 . 5038  

Treatmen t 4 0 . 6862t 0 . 0.309 l .  2229  1 . 7950 0 . 0444 0 . 3 1 00  0 . 564 3 

Age x Tr t 1 2  0 . 1 34 1  0 . 0203 0 . 3 1 36 1 .  7 028  0 .  26 1 1  0 .  6 5 7 2  0 . 3 1 20 

Residual 7 7  0 . 1883  0 . 0229 1 .  4 5 00 2 . 1833  0 . 0399  0 . 6530  0 . 6 1 6 7  

Birth Rank 1 0 . 3245  0 . 05 18 0 . 5037  0 . 6642 0 . 004 1 0 . 0 1 1 5  0 . 0282 

Treatment 4 l .  14 2 1  0 . 4 66 2  0 . 7 9 3 0  3 . 6030 0 . 05 1 9  0 .  2 1 34 0 .  5 6 9 2  

BR x Trt 4 0 . 269 1 0 . 4 3 1 9  2 . 3 389 4 . 1 7 34 0 . 0556  0 . 2 7 4 4  0 . 954 1 

Res idual 8 7  0 . 6 2 6 3  0 . 528 1 1 . 2524  7 . 6497  0 . 0394 0 . 66 6 1  0 . 5 6 6 1  

Co l our 
MS 

5 . 3040*** 

1 . 3240* 

0 . 3 6 6 7  

0 . 4549  

0 . 0248 

1 . 3 3 1 6t 

0 . 87 55 

0 . 59 2 1  

Co t t . 
MS 

1 .  02 7 7  

0 . 7 0 7 2  

1 . 1 1 9 3  

0 . 8538  

0 . 2 6 1 0  

1 .  09 2 5  

1 .  6 2 08 

0 . 87 5 7  

'-I 
00 
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approached sign if ican c e  ( p  < 0 . 1 0) . B i r th rank was no t s igni f icant for  

thes e  charac teris t i c s  g iven in Tabl e  1 0 .  

On t he ba s i s  o f  the ini t ia l  two way analyses  t ensile  s treng t h ,  

soundness , charac t er , and t ip had three fac tors  s ign if ican t .  r'u r ther 

GLIM (ma in e f f ec t s  o n l y )  analyses r egres sing on b ir th date were carr i ed 

out . Ten s il e  s t1 · ·ngth  was inf luenced by treatmen t ( p  < 0 .  00 1 )  and age 

of ewe ( p  < 0 . 0 1 ) . S oundness was a f f ec t ed by treatmen t ( p  < 0 . 00 1 ) and 

by b ir th rank (p < 0 . 0 5 ) . B ir th rank was the only effec t approaching 

s ign if icanc e ( p  < 0 . 1 0 )  for character and wa s s igni f icant for t ip 

(p < 0 . 0 5 )  as  indica t ed b y  Tab l e  1 1  for the ana l yses o f  var ianc e .  

Tab l e  1 2  gives t he mean va lues fo r the c ha rac ter i s tics  using the 

two factor analys es . Two -yea r o l d  ewes had s ignif ican t ly l igh ter 

grea sy f l eec e we igh t s  ( GFW) , scoured c rutchings (SCW) and sho r ter 

s t aples due to d i f f e r ing shear ing da t es . GFW o f  older ewes ( �  5 yea r s )  

wa s l ighter than e i ther three-year or  four year o l d  ewes . 

Two year o l d  ewe s had a b e t t er colour grade than the o ther e\ve s . 

TJ had a signif ican t ly lower colour grade than either T 1 , T2 or  T4 . 

The swed es alone ( T l )  and hay/ swedes trea tment ( T2 )  had signif ican tly 

lower ten s i l e  strengh t s  than the 2 pa sture gra z ing trea tments ( T4 and 

TS ) as  ind ica ted in Tab l e  1 3 .  

T3 and T5 were f o und t o  be no t s ign i f ican t ly d i f f er en t  in s t r eng t h ,  

yet T 3  d i f f ered s ign i f i cantly f rom T 4  ( 6 . 2 6 v 9 . 9  kg / g / cm) . The three-

year and o lder aged ewes (� 5 yea r s )  had s igni f icantly lower ten s i l e  

s t rengths than either t h e  two- o r  four-year o l d  ewes , Tab l e  1 3 .  

Th i s  age effec t  wa s no t f ound in the subj ec t ive analysis o f  soundn ess 

(Table 13 ) .  However the treatment effec t  was s t i l l  evidetit ( p  < 0 . 00 1 ) . 

Bo th pas ture gr� z ing trea tments  p�oduc ed woo l of grea ter soundn s s  

than ei ther T l  and T2 , bu t T 3  wa s no t significantly d i f f erent f rom T4 

(1abl e  1 3 ) . Thos e  ewes b ear ing singles  had soUhder woo l than tho se 
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TABLE 1 1  ANALYS ES O F  VARIANCE O F  WOOL CHARACTERI STICS US ING 

THE THREE MAIN EFFECTS MODEL REGRES S ING ON BIRTH DATE 

Sour c e  o f  Tensile  Soundness Charac ter Tip 
Var iat ion d .  f .  S t rength 

MS MS MS MS 

Trea tmen t 4 1 2 3 . 1 *** 1 9 . 39*** 1 .  2 9 3  0 . 3 984 

Age 3 6 9 . 3 8* *  3 . 374  0 . 8 1 56  0 .  34 2 5  

B i r t h  Rank 1 5 . 1 56 1 0 . 4 3* 1 . 960t 2 . 365* 

Regress ion Ol"\ 1 

B ir th Da t e  2 . 2  0 . 89 1  0 . 0025 0 . 2 1 1 1  

Res idua l 8 7  1 6 . 6 2 2 . 384 0 . 6 8 7 3  0 . 5 3 2 2  



TABLE 1 2  Lea s t  Squar e Means for Woo l  Cha racter i s t i c s  

G . F . W .  s . c . w .  Qual ity S taple C .  P . C .  

number Length 
k k ems 

Age 1 1 .  9 9  a 0 . 2 2 a 4 6 . 2  8 . 8 8 a 1 .  0 7  

2 3 . 9 1  c 0 .  7 1  b 4 6 . 8  1 5 . 84 c 0 . 9 3 

3 3 . 9 1 c 0 . 7 0 b 4 6 . 7 14 . 9 7 b 0 . 8 9 

4 3 . 5 9 b 0 . 6 5 b 4 6 . 5  1 4 . 6 7 b 0 . 9 2 

Trea tment 1 3 . 30 0 . 62 4 6 . 3 1 3 . 66 0 . 8 9 

2 3 . 1 8  0 . 5 1 4 6 . 4  1 3 . 1 9  0 . 9 3 

3 3 . 1 5 0 .  6 0  4 6 . 7  1 3 . 34 1 . 00 

4 3 . 4 9 0 . 5 5 4 6 . 9  1 3 . 7 3 1 .  00 

5 3 . 62 0 . 5 7 4 6 . 5  14 . 03 0 . 94 

Birth 1 3 . 50 0 . 60 4 6 . 6 1 4 . 2 2 0 . 94 

2 3 . 6 1 0 . 64 4 6 . 5  14 . 39 0 .  92  

Handle Lust r e  
Grade Grade 

5 . 2 7 6 . 2 7 

4 . 9 2 5 . 9 3 

4 . 9 9 5 . 9 2 

4 . 9 7 5 . 88 

4 . 9 2 6 . 2 0 

5 .  1 4  5 . 89 

4 . 88 5 . 8 7 

5 . 06 5 . 8 5 

5 . 1 9  6 . 2 0 

5 . 00 5 . 9 7 

4 . 98 6 . 00 

Colour 
Grade 

7 . 2 0 b 

5 . 9 2 a 

6 . 1 3  a 

6 . 2 1  a 

6 . 4 6 b 

6 . 50 b 

5 . 9 7 a 

6 . 6 6 b 

6 . 24 ab 

6 . 2 8 

6 . 2 5 

Co t t  
Grade 

6 . 1 7 

5 . 6 9 

6 . 0 1 

6 . 08 

6 . 02 

5 . 64 

6 . 1 0 

6 . 1 5 

6 . 04 

6 . 00 

5 . 89 

CXl 
...... 
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TABLE 1 3  LEAST S QUARES MEANS FOR WOOL CHARACTERISTICS 
INVOLVING THE THREE FACTOR MAIN EFFECTS MODEL 

Tensile S tr en g th Soundness Charac ter Tip 
kg / g/ crn grade grade grade 

General Mean 6 . 7 2 _± 0 . 7 6 . 2 5 4 . 7 5 4 . 5 1  

Tr ea t men t 1 4 . 7 5 a 5 . 6 3 ab 4 . 33 4 . 39 

2 3 . 87 a 4 .  9 1  a 4 . 70 4 . 4 8  

3 6 . 26 ab 6 . 24 b e  4 . 7 6 4 . 4 0 

4 9 . 99 c 7 . 03 c d  4 . 95 4 . 49 

5 8 .  7 1  b e  7 . 4 8 d 5 . 02 4 . 7 8 

Age 1 8 . 66 b 6 . 54 4 . 4 6 4 . 59 

2 5 .  7 3  a 5 . 7 5 4 . 96 4 . 3 6 

3 7 . 9 7 b 6 . 4 9 4 . 88 4 . 60 

4 4 .  5 1  a 6 . 20 4 . 69 4 . 44 

B i r th 1 6 . 95 6 . 60 a 4 . 9 1 4 . 6 7 b 

2 6 . 48 5 . 9 0 b 4 . 59 4 . 34 a 
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bea r in g  twin lambs ( 6 . 60 v 5 . 90 ) . 

The stap l e s  wer e  c l as sed in to four grades as  sugges ted by Ro s s  

( 1 9 60 ) . These wer e : sound ( 7  + kg/ g / cm) , s l ightly tender ( 4 . 4 -7 kg /g / 

cm) ; Tender ( 2 -4 . 3 9 kg/ g /cm) , very tender ( < 2  kg/ g /cm) . Bo th T4 

and TS had the high e s t  propo r t ion of sound s taples ( 6 2 %  and 5 5 . 5% 

res pec t ively ) . T 3  had twice the numb er o f  staples c l a s s ed as sound 

as  T l , which had s imilar numb ers as T2 ( 1 6 . 6 %) . T2 had the highe s t  

pro po r t ion ( 3 9 % ) o f  s t aples  c l a s s ed very t ender and T 5  t he l ea s t  ( 0% ) . 

The t r end f rom mo s t  to leas t s taples  c l a s s ed as  not  sound wa s ( T2 , T 1 )_ 

T3 , TS , T4 ( Fig . 9 ) . 

F igure 1 0  ind ic a t es the pos ition o f  b reak registered in the t en s i l e  

s t r ength rests rel a t ive t o  t h e  s taple  lengt h  tes ted . Thi s  f igure ind icates tha t 

the maj or br eak occ urred at  entry to and exi t  f rom the forage crop 

trea tmen ts to pas tu r e .  The s e t -s tocked treatmen t (T5 ) showed an even 

l ikel ihood to break over the l ength of t he test  s taple l ength wh i l e  in 

the ro ta t iona l ly gra z ed group ( T4 ) a grea t e r  propo r t ion of s taples b roke 

dur ing the last  two weeks and at ex it from treatmen t s . For T2  a 

higher propo r t ion o f  staples  b roke wh en the ewes came o f f  the swed e s  onto 

pas ture rathe r  than when on a sole d i e t  of hay . 

Tho se ewes bear ing s ingl e  l ambs had a charac ter grade 0 . 3 1  ± 0 . 1 8  

gra d es higher than t hose bea r ing twins ( 4 . 9 1 v 4 . 5 9 ) , and al so a t ip 

gra d e  0 . 3 3 ± 0 . 1 6  grades higher ( 4 . 6 7 v 4 . 34 ) . 

C .  LAMB PRODUCTION 

( 1 ) Numbers of lambs born (NLB ) 

No s ign if ican t e f fec ts of age , treatmen t , or age x trea tment were 

found u s ing the two factor analys is ; ( Tab l e  1 4  a and b ) o f  analys i s  

of var iance f o r  lamb produc t ion . 

( 2 )  Weight of lambs born (WLB ) 

In t he treatmen t x age and trea tmen t x b ir th rate analyses , age 
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TABL E  1 4  a 

ANALY S I S  OF VARIANCE OF LAMB PRODUCTION 

Source o f  Degrees o f  Number o f  Number o f  Weight o f  Weight o f  
Var ia t ion f reedom lamb s born lamb s weaned lamb s born lamb s weaned 

( d .  f . ) M . S .  M . S .  M . S .  H .  S .  

Age 3 0 . 4 5 1 2  0 .  7 0 7 2  8 . 0990 * 3 7 5 . 6 2 0 7  

Trea tmen t 4 0 . 1 906 0 . 6800 1 . 54 36 4 0 3 . 8052 

Age x Trea tmen t 1 2  0 . 2 305  0 . 2 2 1 7  3 .  4 5 3 7 1 9 8 . 3635  

Re s idual 7 7  0 . 24 7 5  0 . 4 4 7 5 2 . 4 8 2 9  3 1 3 . 34 1 9  

B i r t h  Rank 1 7 . 8 5 1 6 *** 1 58 . 64 30*** 3 07 1 .  7 8 9 9 ** 

Trea tment 4 0 .  8066 ·:- 2 .  0 7 3 9  5 6 9 . 90 1 3 -1-

B i r th Rank x 
Trea tmen t 4 0 . 4 24 7  0 . 9 5 94 2 8 5 . 6309 

Re s idual 8 7  0 . 34 5 1  1 .  0968 2 7 1 . 3 7 6 2  
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TABLE 1 4  b MAIN EFFECTS ONLY ANALY S I S  OF VARIANCE FOR LAMB 

PRODUCTION 

Source o f  Degree o f  We ight of Numb er of Weight of 
Var iat ion f r eedom lamb s born l amb s weaned lambs weane d  

( d .  f . ) M . S .  M . S .  M . S .  

Trea tment 4 2 . 0 1 2  · ' ·  0 . 6 7 7 2  4 30 . 8  I 

Age 3 0 . 5 1 6  0 . 3088 2 3 1 . 0  

B i r t h  rank 1 1 4 2 . 1 * * *  6 . 2 58 * * *  2 3 3 6 . * *  

Regression on 
b i r t h  d a t e  1 1 0 . 1 7  1< * 0 . 0 1 4 6  1 1 8 .  

Re s id ual 8 7  0 . 964 0 . 3539  2 7 5 . 8  

Source of Degree o f  Weight o f  
Va r i a t ion f r eedom l amb s weaned 

( d . f . ) M . S .  

Trea tmen t 4 2 9 . 2 0 

Ag e 3 34 . 1 6  

Wean ing 1 6 3 1 5 .  * * i< 

Regression on 
B i r t h  date  1 68 . 5 6 

Re s idual 68 2 1 . 4  7 
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appeared s ign i f icant ( p  < 0 . 0 5 )  and b ir th rank h ighly s igni f ican t (p  < 0 . 00 1 ) 

Tabl e  14  (a ) . Mean values were t es t ed for s ignif icance u s in g  Duncan ' s 

New Mul tiple  Range t e s t  ( Table 1 5 ) . The r esul t s  indica t e  t ha t  the o lder 

the ewe t he heav ier t he l amb born , with  aged ewes (� 5 years ) p roduc ing 

s igni f icant ly h eav ier lambs than two -year or three-year o l d  ewe s (p < 0 . 05 ) . 

However , in the three fac tor ma in ef f ec t s  only model with b ir t h  date 

a s  a covar ia t e ,  age wa s non-sign i f ican t .  The r egres s ion o n  b ir th date  

wa s s ignif icant (p  < 0 . 0 1 ) . The dominan t e f fec t was b ir th rank (p < 0 . 00 1 ) 

( i . e .  ei ther born as  a s ing le or as  a twin ) in t he trea tment x birth rank 

analys i s . To tal WLB wa s 7 . 50 kg f o r  twins and 4 . 8 8 kg for s in gl es . 

Trea tmen t ap proached signif icance ( p  < 0 . 1 0 ) in the three ma in e f f ec t s  

model when adj u s t ing f o r  b ir th date . Rela t ive to the set-s tocked 

trea tmen t (T5)  only the rotat ional g r a z ing t rea tmen t (T4 ) produced heavier 

( 0 . 1 5  ± 0 . 3 2 kg ) total lamb weight s .  ( Tabl e 1 6 ) . Rela t ive to T4 , T 1  

and T2 produced lamb s 3 . 06 and 2 . 5 7 k g  l ighter r espec t ively . 

( 3 )  Numb e r  o f  Lamb s Weaned (NLW )  

I n  t he t h r e e  ma in ef fec ts only mo del b ir th rank was the only 

s ignif ican t e f f e c t  ( p  < 0 . 00 1 ) . 

Ewe s g iving b irth to twins weaned mo re lamb s than those g iving b ir t h  to 

s ingles ( 1 3 6 %  v 8 1 % ) , a l t hough the survival of twins was lower ( 68%  v 8 1 % ) . 

( 4 )  Weigh t  o f  Lambs Weaned (WLW) 

In the in i t ial birth  rank x t r ea tment analyses bo th b ir th rank 

(p < 0 . 00 1 )  and trea tment ( p  < 0 . 1 0 ) appeared to be affec t ing WLW . 

Fur ther ana l y s i s  u s ing the 3 ma in e f f ec t s  model adjust ing f o r  birth date 

found only b i r th rank ( p < 0 . 0 1 ) to b e  s ign i f ican t .  

WLW for ewes g iving b ir th to twins was 1 0 . 3  + 3 . 6  kg h eavier t han 

for ewes b ea r ing s ingl e s  al though s ingles were heavier than twins 

( 30 . 3 5  v 2 5 . 7 9 kg) Tabl e  1 7 .  Al s o  T 3  had s ignif icantly l ighter lambs 
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TABLE 1 5  MEANS OF LAMB PRODUCTION DATA 

Number o f  Number o f  \.Je ight o f  Weight o f  
lambs b o rn lamb s weaned lambs bo rn l amb s weaned 

(kg)  ( kg ) 

Age 1 1 .  30  0 .  7 0  5 . 69 a 2 0 . 9 3 

2 1 .  4 1  1 .  0 9  5 . 6 1  a 30 . 0 3 

3 1 .  4 1  1 . 0 3  5 . 98 a b 30 . 4  7 

4 1 .  64 1 .  1 7  6 . 84 b 3 1 . 44 

Trea tmen t s  1 1 .  50  1 .  2 3  5 . 7 6 3 2 . 68 

2 1 .  4 7 0 . 9 8 5 . 8 1 2 6 . 8 0 

3 1 .  4 9  0 .  7 0  6 . 2 5 20 . 8 0 

4 1 .  2 6  1 .  0 6  5 . 88 30 . 7 2 

5 1 .  4 8  1 .  0 3  6 . 4 7 3 0 . 08 

Bir th 1 0 . 7 9 4 . 88 24 . 4 2 

2 1 .  3 7 7 . 50 3 5 . 9 6 

Trea tmen t s  1 1 .  2 2  b 5 .  78 3 2 . 7 5 a b 

2 1 . 0 0  a b 5 . 94 2 7 . 06 a b 

3 0 . 7 6 a 6 . 2 0 2 2 . 3 3  a 

4 1 .  2 7  b 6 . 6 1 3 5 . 88 b 

5 1 .  1 4  a b 6 . 4 1  3 2 . 9 5 a b 
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Age 1 
Birth Rank 

1 2 

Treatment 1 4 . 4 8  7 . 0  

2 4 . 64 7 .  1 6  

3 4 . 9 1 7 . 4 3 

4 5 . 2 0 7 .  7 2  

5 5 . 05 7 . 5 7 

Average 4 . 86 7 . 3 8 

LEAST SQUARE MEANS OF WEIGHT OF LAMBS BORN ( kg) 

From the Three Fac to r  Ana lysi s  

2 3 4 

1 2 1 2 1 2 

4 . 24 6 .  7 6  4 . 5 9 7 .  1 2  4 . 8 5 7 . 3 7 

4 . 4 0 6 .  9 2  4 . 7 5 7 . 2 7 5 . 0 1 7 . 5 3 

4 . 6 7 7 .  1 9  5 . 0 2 7 . 54 5 . 28 7 . 8 0 

4 . 9 6 7 . 4 8 5 . 3 1  7 . 8 3 5 . 5 7 8 . 09 

4 . 8 1 7 . 3 3 5 .  1 6  7 . 68 5 . 4 2  7 . 94 

4 . 6 2 7 .  1 4  4 . 9 7 7 . 4 9 5 . 2 3 7 . 7 5 

Average S e t  To tals  7 . 44 kg Twin s 
4 . 9 2 kg S ingl es 

Average Twins 3 .  7 2  kg 
S ingles  4 .  9 2  kg 

Average 

1 2 

4 .  54 7 . 06 

4 . 7 0 7 . 2 2 

4 . 9 7 7 . 4 9 

5 . 2 6 7 . 7 8 

5 . 1 1  7 . 6 3 

\0 
0 
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Age 
1 

Weaned 
1 

Trea tmen t 1 2 8 . 50 

2 2 8 . 99 

3 3 0 . 66 

4 3 1 . 5 6 

5 3 1 . 7 2 

Average 3 0 . 2 9 

LEAST SQUARE MEANS OF WEI GHT OF LAMBS WEANED ( kg) 

From the Three Fac to r  Ana lys i s  

2 3 4 

2 l 2 l 2 l 2 

4 9 . 7 3 2 7 . 99 4 9 . 2 2  3 0 . 65  5 1 . 88 2 7 . 1 0 48 . 3 3 

5 0 . 2 2 2 8 . 4 7 4 9 . 7 1 3 1 .  1 4  5 2 . 3 7 2 7 . 5 9  4 8 . 8 2 

5 1 . 89 3 0 . 1 5  5 1 . 38 3 2 . 8 1  54 . 04 2 9 . 2 6 50 . 4 9  

5 2 . 7 9 3 1 . 0 5 5 2 . 2 8  3 3 . 7 1  54 . 94 30 . 1 7  5 1 . 4 0 

5 2 . 9 5 3 1 . 2 1  5 2 . 4 4 3 3 . 8 7 55 . 1 0 3 0 . 32  5 1 . 5 5 

5 1 . 52 2 9 . 7 7 5 1 . 0 1  3 2 . 44 5 3 . 6 7 2 8 . 8 9 50 . 1 2 

Average S e t  totals  5 1 . 5 8 kg  Twin s 
30 . 3 5 kg S ingles 

Average Twins 2 5 . 7 9  kg 
S ingl es 30 . 3 5 kg 

Average 

1 2 

28 . 5 6 4 9 . 7 9 

2 9 . 0 5 50 . 2 8 

3 0 . 7 2  5 1 . 9 5 

3 1 . 6 2 5 2 . 8 5 

3 1 . 7 8 5 3 . 0 1 

ID 
...... 
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a t  weaning t han T4 . Al l o ther trea tmen t s  showed no s ign i f ican t 

d i f f erenc es b etween each o ther . 

When numb er weaned wa s inc luded in t he 3 factor main e f f ec t s  only 

mo del ( Table 14 ( b ) ) ,  age o f  ewe and t r ea tment wer e no t s ign i f ican t . 

The r egres sion on birth  da ta ( age o f  lamb a t  weaning) approached 

s ign if i canc e (p < 0 .  l O ) . 



C H A P T E R V 

DI SCUS S ION 
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D I SCUSS ION 

I n  a t t emp t ing a trial such as discussed here , there are prob l ems 

wit h  t he va l i d i t y  of the methods used , as wel l  as the l imit  to which t he 

resul t s  can b e  in t erpre ted . 

Pa s t ur e  and Crop Analysis  Met hods 

Pas ture and c rop availab i l i t y  measures invo lve a subj e c t ive assess

men t t o  ' ground l evel ' and this  may vary both within and be tween sampl ings , 

as wel l as  with ground cond i t ions . The d if ferences in cut t ing height s 

over d i f ferent t imes or under d i f fer ing c l ima t i c  cond i tions may also have 

b een a source of error in e s t imat ing herbage ' intake ' and pas ture growth . 

The comp l e t e  plant pul l ing emp loyed when analyz ing c rop ' in take ' meant that 

this e rror wa s minimised . However , trampl ing o f  some c rop into the mud 

along wi th per iodical back gra z ings over t he whole t r ea tmen t period means 

tha t ' intake ' could be over-e s t ima ted in i t ially , because of t ramp l ing into 

mud , and t hen po s s ibly under- e s t ima t ed , par t icularly as  the trial 

approached con c lu s ion when back graz ing would be  mo re prevalen t . 

Measures o f  pas ture ava i l ab i l ity are s tatic  measures o f  dynamic 

situa t ions . They represen t balances be tween the ra t e  o f  DM accumul a t ion 

and ra te of DM d i sappearanc e  (principally through decompo s i t ion and 

remova l by the graz ing animal ) at a particular po int in t ime . Under 

a s e t  s tocking pol icy , pa s ture  availab i l i ty is grea t l y  compl ica ted by 

pas ture growth over t ime . 

growth ( Cowl ishaw , 1 95 1 ) . 

Caging o f  an area can lead to dif f eren t pasture 

Pasture yield figures rec orded in the tria l  indicate  t he d i f f icul ty 

in e s t ima t ing in take and growth on a s e t - s tocked area . The dead ma t t er 

component wa s h igh unt i l  the 1 1 / 7 / 7 7 .  This could hav e  accoun t ed for 

the y ield f igures o f  6 0kg DM/ ha / day compa red to  34  kg DM/ha / day for  the 

ro t a t ionally-grazed area . Bo tanical compo sit ion at  t he mid-way point 
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of  treatment was vas t l y  d i f f er en t . The r o t a t ionally-grazed pasture 

was mor e  open and had a l arger grass componen t than the set-stocked 

pas ture . The mos t  l ikely cause of this wa s the d ifferent pre- t r i al 

graz ing management employed . 

Pas ture growth for  a part icular period was e s t ima ted from the 

d i f f er enc e between yield a t  the beginning and end o f  the period . The 

s tandard error (±3 5kg DM/ha )  of yield ind ica tes the d i f f icul ty in ' pa ir ing ' 

areas o f  s imilar t o t a l  DM conten t .  Over hal f  the yield could be 

accoun t ed for by error in estimat ing s imilar  yielding sites for growth 

analys e s .  Brougham ( 1 9 5 9 )  e s t imated c e i l ing pas ture growth f o r  this  

period a t  1 5kg DM/ ha / day on s imilar soil  types , but under a ' norma l ' win ter 

c l ima t e .  The increased temperatures exper i enced lead t o  increa sed yields 

s imil a r  to  that found  by Brougham ( 1 9 5 9 ) . 

Intake and Ewe Live Weigh t 

H igh l ive weight  gains resu l t ing from h igh intake l evel s in T 5 , 

would t end to suppor t  the f ind ing tha t pa s ture growth was great er than 

usua l . Howe'.'er , i t  must be remembered that  a t  entry to the trea tment , 

sheep were unl imi ted  in pas ture available f o r  graz ing thus ad l ib i tum 

feeding in contra s t  to T4 , resul ted . Ewe l ive weight s  indicated this  

did happen . Ewe l ive we ight s change can i nvolve tis sue compo s i t ion 

change s  and gut f il l  changes (Hughes , 1 9 7 6 ) . S tomach content s  o f  full  

lambs were found t o  weigh 3 . 6  kg  or 1 3- 14 %  o f  the animal s  l ive we ight 

(Kirton et  a l . , 1 9 6 8 ) . Thus a t  any wei gh ing , ewe l ive  weight 

d i fferences recorded  could par t ially  be a t t r ibutable  to d i f f e r ing t imes 

sinc e  last  graz ing , back graz ing on swede t r ea tments , and cont inuou s  

gra zing under set-s tocking would tend to increase the l ive weights relat ive 

to the rotational g raz ing ewe s . With T4 mos t  food consump t ion o c c urred 

wi thin six hours of en try to the new break . 

were minimal . 

After this period intakes 
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Ewe l ive weight d i f ferences be tween T4 and T5  were about the same 

a t  the beginning and end o f  the treatment period , a lthough b o th were 

approximately 6kg heavier at exi t . T5  l ive weights indicate  f e ed 

abundance earl y  in the treatment period then a reduc t ion l a t er a s  f eed 

became l imiting ( Table 2 ) . Intakes f rom 2 8 / 6 / 7 7  to 1 1 / 7 / 7 7  for  T4 and 

T5 were s imil a r  when cons idered rel a t ive to ewe l ive weight ( 2 . 2  and 2 . 5% 

respec t ively ) .  After 1 1 / 7 / 7 7  the extra  feed a l lowance to T4 ewes 

a llowed l ive weight inc reases  of 1kg to occur , to compensa te  for foetal 

growth .  

The intake l evels exhib i ted i n  Figure 3 had a coe f f ic ient o f  

variation (c . v . ) of  30% . Live weight c . v .  ' s  o f  up to 3 0 %  have been 

recorded wi thin each period (Boyne  e t  a l . , 1 95 6 ) . This  mus t  b e  taken into 

ac count when considering l ive weight c hanges o f  dif ferent t r ea tment groups 

over the t r ia l  period . T l  woul d  then show cons tant l ive weight over the 

�hole  t rea tment per iod a t  an ' intake ' of 0 . 68kg DM/day on swedes . In T3  

at  0 . 8 3kg DM/ day intake , l ive weight ga in was 1 kg for 6 weeks for a 

5 1 / 5kg ewe . I n  T4 , l ive weight inc rea sed from 50 . 5  to 5 7 . 5kg while 

in take was apparently  0 . 9kg DM/ day . Ra t tray and Jagusch ( 1 97 7 )  only 

rr.ainta ined l ive  weight at these ' intake ' levels , for ewes of  s imilar body 

weigh t ,  even though pa s ture u t i l i za t ion wa s l ower . Pas ture d iges t ibil i t y  

h a s  been found to decr ea s e  with increasing u t i l i za t ion a s  t h e  more ma ture 

c omponen t s  o f  the sward are consumed ( Corbe t t ,  1 969) . Therefore i t  is 

possib l e  tha t these d if f erences shown here were due to d i f f er ing nutr i t ive 

values of  fodder on o f f er . Swede intakes were s imilar to tho se quoted 

by Thompson and Harbord ( 1 966 )  a l though l ive weight ga in onl y  resu l t ed when 

hay was f ed . Joyc e ( 1 9 6 5 )  a l so no t ed this when swede d ie t s  were 

supplement ed wi th hay . 

Intakes o f  0 . 5 9kg DM/ day o f  good qua l i t y  hay maintained ewe l ive 

weight over t he init ial 3 weeks o f  T2 . Thi s  represented 1 . 2% of  body 
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weight .  Drew ( 1 9 6 6 )  with sl ightly heavier ewes requ i r ed 1 . 36kg DM 

of s imilar t ype hay which wa s 2 . 5% o f  body weight . I t  is sugges t ed t ha t  

the shel ter and r e la t ive season warmth experienced over this t ime may have 

par t l y  l ead to r educed food requiremen t s  to mainta in l ive  weigh t .  

However , there was an in i t ial drop o f  l kg l ive weight during the f irst  

week , a s  the ewes adj usted to  the  new f eed type . 

The d i f f er ing f eed intakes and l ive weight c hanges exhib i t ed c an 

po s s ibly be par t ia l l y  explained by the d i f f erences between gu t f i l l s  o f  

d i f ferent trea tmen t s  and also due t o  d i f f er ences i n  nut r i t ive values . 

Drew ( 1 9 6 7 , 1 9 6 8 )  suggested that sheep gra z ing swedes have a higher 

ma in tenance requi r emen t than t hose gra z ing pastur e .  There was no 

sugg e s t ion of this in the present data un t il the tempera tur es d ropped 

during the last  two weeks of  the trial . By  this time foetal demands 

would  also be increasing (Modyanov , 1 96 9 ; Ra ttray et  a l . , 1 9 74 ) . I t  

i s  po s s ible tha t t he wa ter con t ent in the swedes was a t  a lower tempera ture 

which would require grea t er hea t to rnise it  to body tempera tur e ( Barry 

et  al . ,  1 9 7 1 ) , t hu s  the need for greater  quan t i t i es of  swedes to ma int a in 

the energy balance .  Hay suppl ementat ion with swedes could hav e ,  to some 

exten t , countera c t ed this e f f ec t .  

The effec t s  o f  rumen microbe and enzyrnat ic adap t a t ion to swedes on 

l ive weight change wa s minimised by feeding hay . I t  i s  suggested  tha t 

whi l s t  rumen adapt a t ion took plac e ,  hay provided carryover energy . 

Ewe l ive  weigh t s  in T 1  would sugges t  tha t this took onl y  one week . 

woul d  agree with the conc lusion of  Anni son et  a l . ,  ( 1 9 5 7 ) . I t  would 

This 

be expec ted that t his change would occur a t  entry to and exit f rom , t he 

crop to pas ture . However , ewe l ive weigh ts were only recorded 3 weekl y  

a f ter  trea tmen t ,  t hus any depression tha t occurred on exi t  may no t have 

been not iced a t  1 5 / 8 / 7 7 . By this date , l arge l ive we ight increases  in 

all  t r ea tment s  had occurred and by po s t -l ambing weighing a l l  ewes were 
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o f  a s imilar l ive wei ght . 

The ewes carrying twins were  heavier p r ior to lamb ing than t ho s e  

carrying s ingle l amb s .  Robinson ( 1 97 3 ) presen t ed similar resu l t s . 

At 1 7 / 1 0/ 7 7  no t r ea tment e f f e c t  was found a l though ewes with twins had 

a lower l ive weight than tho se rearing s ing l es . The greater nut r i t ional 

requ i r ement o f  tho s e  ewes rearing twins compared to thos e  rearing s ingl e s  

i s  the mo st l ikely explana t ion . 

Wool  produc t ion meas ures 

Varia t ion in wool  growth over the exper imental period wa s measured 

by means of sampl e s  taken from def ined areas on the mid-s ide of  the sheep , 

d d f 1 2 f " " " l h an expresse as  mg s o woo p er cm o lnl t la pate area . Cockrem 

( 1 968 ) has emphas ised tha t in terpreta t ion o f  such measures o f  wool  growth 

requires considerable cau t ion . Thus inf erences about changes in f l eece 

production of  an ind ividual animal can only be  made i f  wool growth on the 

pa tch i s  representa t ive o f  wool  growth over the rest of the f l e ece  area 

under a l l  exper imen t a l  cond i t ions . I f  est imates  of  ac tual changes in 

f l eec e weigh t s  are to · be made t hen a deta i l ed knowl edge o f  the rela t ion-

ship between patch wool pro duc t ion and f l eece weight i s  required . A 

good rel a t ionship exists dur ing def ined per iods ( B igham , 1 97 4 ) . However , 

Wod zicka and Bigham ( 1 968)  have presented  evidence tha t this rela t ionship 

is  not cons tant throughout the year . In this experiment the rel a t ionship 

between mid-side wool  produc t ion and f l eece  weight was not estab l i shed , 

and the pos s ib i l i ty that the technique enhances wool growth on the pa tch 

(McManus � . , 1 964 ) mus t  also be borne in mind . 

Woo l  produc t ion 

Greasy ewe f l eece weights represent f l eece produc t ion for some  t ime 

prior to the trea tments b e ing imposed in t he experiment .  Al t hough 

treatment approached s ignif icance for GFW ( in table 1 0 )  when cons i dered 

in t he age x t r ea tment analy s i s ,  it  did no t in the b i r th rank x t reatment 
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analy s i s , indica t ing t ha t  full control o f  varia t ion u s ing only two 

fac tors was no t possijl e .  Thi s  i s  shown b y  the increase i n  r es idual 

M . S .  when only b irth and t r ea tment were cons idered c . f .  age and trea tmen t .  

The val idity o f  these trea tment differ enc es is ques t ionable  f rom the 

ear l i er fac t of pre-trea tmen t d i f ferenc es . Al though wool growth on the 

patch a r ea immed iately prior to the treatments was known , predic t i on o f  

f l e e c e  produc t ion u p  t o  this t ime was no t carried out , nor was t h e  necessary 

relat ion ships between pa tch woo l  growth and to tal fl eece produc t ion known . 

Correc t ion using the ini tial pa tch area produc t ion as  a covaria t e  for 

GFW was also no t carried out . 

There were e f f ects  o f  age on GFW , clean wool weigh t / unit  area , fibre 

diame t er , s taple length , and f ibre length . Two-year old  ewes had shorter 

wool a t  the commenc emen t o f  the trial s inc e they were shown only 3� months 

previously compared to the r e s t  who had 8 months wool on t hem . This 

explains  many age effec t s  for GFW and s taple length.  However , the f ind ing 

that a ged ewes ( �5 years)  had l ight er GFW and shorter s taple l engths than 

three-year-old ewes agrees wi th o ther results by Ro ss ( 1 960 )  and B igham 

e t  a l . ,  ( 1 9 7 8 ) . Only a t  l amb ing did older ewes have a propo r t ionately  

grea ter  reduc t ion in  f ibre d iameter over 2 -year-old ewes . Brown e t  al . ,  

( 1 9 6 6 )  have shown t ha t  for t he Merino breed , f l eece weigh t s  were heaviest 

a t  3�  years of  a ge ,  al though s taple l ength was longes t a t  2� years of  age , 

and f ibre d iamet er incr ea sed t o  6� years o f  age . 

in this r espec t (Bigham et  al . ,  1 9 7 8 ) . 

Breeds appear to d i f f er 

C lean woo l  weight / unit  a r ea resu l t s  indic a ted t ha t  older ewes 

(�5 years )  had l e s s  wool produced than the o ther ages unt i l  lambing . 

As only  one ewe per age group ( except two for age 4 ) , in each treatment 

was analyzed f o r  f ibre length , lit t l e  can be taken f rom f inding a highly 

sign i f icant age effec t . 

Treatmen t d i f f erence s  for weight o f  wool produced  per uni t  a·r ea show 
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t ha t  t hose past ur e-fed sheep had higher woo l  produc t ion than t ho se 

gra z ing swedes unt il a f ter l ambing . This was probab ly due to greater 

nut rient intake a l though reduc t ion in gut capac i ty asso c ia ted wi th foetal  

growth (Conrad e t  a l . ,  1 964 ) may a l so be a fac tor in DM intake d i f ferences . 

With  t he swede t r ea tment s t hi s  may fur t her be reduced by the l ow DM content 

o f  t he d iet . To achieve s imilar DM intakes as  those sheep on pa sture 

grea t er quan t i t i es of  wet ma t t er mus t  be  c onsumed . At the end o f  pr egnancy 

this i s  mor e  d i f f i cu l t  due to decrea sed gut capac ity and inc reased foetal  

demands . In T2 , the hay d ie t  wa s asso c i ated with lower woo l  produc t ion · 

as wel l as  l ive weight loss . Turner and Young ( 1 9 6 9 )  found a s imilar 

resul t .  During t he three weeks on swedes ,  woo l  produc t ion wa s 

s imilar to tha t o f  the o ther swede t rea tments . 

Total average feed intakes for T3 and T4 are similar ye t pas ture 

pro duced higher l ive we ight ga ins and woo l produc t ion . Feed qual i ty 

d i f f erenc es wou l d  appear a l ikely caus e . Opposite  resul t s  have been 

found for l ive we ight ga in in hoggets  grazing autumn-saved pasture or 

swedes plus l imited  hay (Drew ,  1 9 6 7 ) . No s imilar da ta for pregnant ewes 

have b een repor t e d . The two pasture gra z ing trea tments show tha t in take 

and woo l produc tion  are c losely rela ted even dur ing win ter al though winter 

seasonal depre s sion s t i l l  occurs . Sco f f ield ( 1 9 7 0 )  found tha t the intake 

woo l  produc t ion r egress ions were dependen t  on s tocking rat e .  A t  high 

s to cking rates diges t ible  o rganic ma t t er intakes and produc t ion were more 

c l osely associa t e d  than a t  the low s to c k ing rates . However , Doney and 

Smi th ( 1 96 1 )  had found l ive weight c hange and woo l growth rates  d id not 

co inc ide . The r educed woo l produc t ion i n  the TS groups by c omparison 

to T4 in the pos t  treatmen t period i s  probably a ref l ec tion o f  intakes 

in the f inal s t a g e  of the treatment p e rio d .  

S ingle-bearing ewes produced more wool per unit  area than t hose  

bearing twin l amb s . Numerous o ther workers , inc luding Ros s  ( 1 96 5 )  and 
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Bigham e t  a l . ,  ( 1 9 7 4 )  have shown an e f f e c t  o f  l ambs born on f le e ce weight . 

Increa s ed nut r i tional fo etal demands are l ikely to be the cause o f  this , 

a l t ho ugh endocrine e f fec t s  could be invo lved . 

Reduced woo l  produc t ion per uni t  area , was accompanied by r educ t ion 

in b o th f ibre d iame ter and f ibre l ength . Coop ( 1 953 )  showed the 

seasonal rhythm of woo l produc t ion d i f ferences were due to bo th the 

length and d iame t e r  changes . Lewis and Ross  ( 1 9 6 2 )  found in Romneys 

it was pos s ib l e  to s t imulate  l ength growth markedl y  with ini t ia l l y  no 

accompanying increa ses in f ibre diameter . However , f ibre length has been 

found to respond ea rlier than f ibre d iame t er to nutri t ional change s 

( S tory and Ross , 1 9 60) . Ferguson e t  a l . , ( 1 94 9 )  found that weight changes 

cou l d  be  acc oun t ed for a lmost ent irely by l ength c hanges . 

Crop treatmen t s  were a ssociated with  greater f ibre d iameter r educ t ion 

than pasture t r ea tment s .  The coarsening o f  diameter on 4 / 7 / 7 7  and 2 5 / 7 / 7 7  

on pas ture trea tments coul d b e  due to higher intakes . Conver sely  the 

reduc t ions exhib i t e d  on the fodder crop are  probably due to lower intakes 

and a l so d i f f er ing nutrient value of the fodder . 

Table  9 ( b )  ind icated that f ibre l ength growth responds more  rap idly 

to intake dur ing winter than f ibre d iame t e r . S tory and Ro ss  ( 1 96 0 )  

presented s imilar data . Mea surements o f  the woo l grown during the trea tmen t 

period by the TS  g roup ind icat e  that f ibre  l ength was reduced , but f ibre 

d iame t er was inc reased by comparison to T4 . This probably refl ec ts the 

higher level of f eeding of the T5 group in the early s tages of the 

trea tment and their low l evel o f  feed ing  in the later s tages wi th d iameter 

not r esponding rap idly to the low f eed in the late s tages . When all  

sheep were lambed  on  grass , no d i f f erences  in d iameter , l ength or weight 

per uni t  area occurred indica t ing no l a s t ing carryover ef fec t o f  trea tmen t s . 

The t ensi l e  s trength o f  woo l  is relat ed to t he minimum f ibre d iameter 

along the  s taple ( Ross , 1 9 6 1 ) . Any factor  tha t causes a reduc t ion in 

f ibre d iameter i s  l ikely to a f fec t s ta p l e  tensile strength . Thos e  
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treatments  invo lving fodder c rop gra z in g  had lower ten s il e  s trengths 

than those on r o t a t ional graz ing of pas t ure . I t  is  not ic eabl e  tha t  in 

T3 the hay had a benefic ial e ffec t  in that  ten s il e  strengths are  no t 

sign i f icantly d i f ferent  from T S .  However , f rom Figure 9 the propo r tion 

of s taples c l a s s ed as sound in T4 and TS is  s ignif icantly grea t e r  than 

any of the o ther treatmen t s . T3 , with hay however , has 1 6% mor e  sound 

f l eeces than e ither T 1  or T2 yet d if fe rences in f ibre diamet er ( except 

a t  2 5 / 7 / 7 7 )  were no t found . 

Tensile s t r ength of  s tap l es c l early  dist ingui shes sound from unsound 

woo l  although a coef f ic ien t  o f  variat ion o f  1 5% has been found be tween 

s taples wi thin samples in maximum load ( Ross , 1 9 60 ) .  The var i a t ion was 

lower wi th sound wools  than with tender wools . The four soundness  grades 

l i s ted in Figure 9 are based on the resul ts  o f  Ro ss  ( 1 960 ) .  

However , Figure 1 0  ind icates the break po sit ion of  s taples  for only 

unsound woo l s . The numbers of  unsound s taples in T4 and T5  are  low 

( 8  and 8) by compar i son to T 1 , T2 and T 3  ( 1 7 ,  1 5 ,  14 respec t ively)  and 

percentage changes oversimp l ify the r e sul t s .  However ,  f rom these  

numbers the  same general trend in  staple  soundness  as  ind icated by the 

subj ective soundness gradings is s een . T2 with 39% o f  i t s  s taples 

c l a ss ed as very tender a l so had t he f in e s t  f ibre diameters throughout 

the trial . 

The tran s f er of  ewes in T2 , f rom hay to swedes , and then to pasture 

had a mor e  marked e f f ec t  on f ibre d iame t er than the ini t ia l  transfer f rom 

pasture to hay . Break po s i t ion f igure s ind ica ted 50% o f  t ender s taples  

breaking in  a port ion produc ed a t  the  t ime o f  transf er from crop to  pas ture . 

Rumen microbial  popula t ion has already been discussed with regards to 

l ive weight c hanges a t  this time , but it is evident t ha t  these were 

mor e  severe on swedes than on hay . I t  seems the microbial populat ion in 

the rumen during pasture grazing was a l so capable of hay dige s t ion but 
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wer e  no t adap ted to a swede d i e t . The high water content associat ed with 

swedes may have some inf luence a s  found by Kay ( 1 97 4 )  for cat tle . The 

benef i c i a l  ef fec t o f  hay with swedes may be due to the role  o f  hay as a 

sourc e  o f  energy for  the animal whi l s t  rumen adap �ation occurs . In 

addi t ion it  could a l so provide energy for hea ting t he high involuntary 

wa ter intake to body tempera ture  ( Bar ry et a l . , 1 9 7 1 ) . 

The highes t  proport ion o f  break occurring in T 1  occ urred a t  exit 

from swedes onto pas ture and wa s accompanied by reduced f ibre d iameters 

at 1 5 / 8 / 7 7  in comparison to T3 . A pos s ible  reason for  the lack of  marked 

break l evels  at en try to the crop could be t ha t  around the swede crop was 

an area o f  pastur e ,  against the f ence l ine , which would have provided 

enough f ood o f  a s imilar na ture to tha t  graz ed previous ly , to al low 

adap ta t ion o f  rumen populat ion to occur s teadily . Thus the result would 

be s imil a r  to T3  with  hay . Al so  the crop had sub stant ial weed 

con tamina tion . The ini t ial d i f f icul t ies o f  restra ining sheep , espec ial ly 

two-y ear-old ewes , f rom pushing under fence l ines for pas ture may a l so 

have provided a buf f er food source . Warmer c l imatic c ondi t ions exi s t ing 

at crop entry would  also mean l ess  energy wa s required bo th for heating 

the wat er o f  the swedes to body tempera ture and for maintenanc e .  Sheep 

maint enance requ irements  increase  with colder , wet cond i t ions ( Blaxter 

1 9 64 ) . 

A t  the end o f  the treatmen t period sudden release onto pas ture with 

a rumen popula t ion more adapt e d  to swede diges t ion probably caused more 

break t o  be evident . Brown ( 1 9 7 1 )  obtained a s imilar resul t on release 

o f  sheep f rom a hay/ concentrate  feed to pas ture . A d i ge s t ive upset  could 

have occurred (Anni son et al . ,  1 95 9 )  and this may af f e c t nutr i t ive intake 

or have an ef fec t on hormonal balance as  wa s sugges t ed by L indner and 

Ferguson ( 1 956 ) . 

Depending upon the nature o f  the previous d iet the t ransfer  to  



1 03 .  

anot her diet  may help determ ine the magnitude o f  t he response occurr ing . 

Having a propor t ion o f  the  rumen popula t ion capab l e  of  d igest ing both 

pas ture and i t s  dr ied equivalen t  hay ,  in T3 could have accounted for t he 

same propor t ion o f  break occurring a t  en try to and exi t  f rom the crop . 

The higher in takes overa ll  and l ive weights a t  the end o f  the treatmen t 

per iod in T3 , compared to T 1 ,  ind ica t e  the benef ic ial e f f ec t  o f  hay . 

Crop - induced woo l ' break ' was also suggested by Sumner ( 1 9 6 9 )  to be a 

source o f  unsoundness in h i s  s tudi es . 

Ro ta t i onal graz ing on pa sture d id no t produc e sign i f icant l y  s t ronger 

s ta p l es than set-stocking , however , t ensile  s trength and soundness for these 

pas ture trea tmen ts were s ignif ican t ly b e t t er than either T1 or T2 . 

Fibre d iamet ers follow the same assoc ia t ion . I t  is evident that , from 

those s tapl es c lassed unsound , a higher propor t i on broke in T4 at ent ry 

, to the trea tment per iod . T5 on the o ther hand had equal l ikel ihood 

o f  break over the en t ire t ested length .  However , no set  s tocked s taples 

wer e  classed as  ver y  tend e r , compa red to  4 . 5% of  rotat iona l graz ing s taples .  

Th i s  d i f ference coul d  be  due to the lack o f  accuracy in s taple strength 

t e s t s  s inc e the standard error of maximum load wa s of  the order o f  

+ 0 . 7kg/g/cm .  

A ' lamb ing break ' ha s been sugges ted to oc cur ( Ross  1 9 6 5 )  but 

results  illus trated in Figure 10 ind icate  tha t  break occurred b e fore lamb ing . 

I t  was expec ted tha t during the last  two weeks o f  trea tment , the set

s tocked ewes would be lo s i ng weight due  to  f eed shortage and migh t 

produce t ender wool . Thi s  was no t the case as  higher than normal pas ture 

growth meant that ewe l ive  weight s  were ma intained a t  the incr eased l evel s ,  

and a t  no t ime wa s feed intake l imited . Col l in; ( 1 966)  found that more  

mob-stocked ewes e�hib i t e d  break than ewes tha t were s e t -s tocked . 

However ,  Lambourne ( 1 95 6 )  found no ma t erial d i f f erenc e b e tween the two 

sys t ems a t  4 ,  6 ,  or 8 ewe s /acre . Lowered f eed intakes during a period 
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corre sponding to the last  two weeks o f  trea tment here , r esul t ed in 

decreased ten s i l e  s tr ength and soundnes s grades for ewes in a tr ial by 

Coop ( 1 969) . 

Equival ent f eed  allowances were o f f er ed in a l l  trea tment s  except  

T5 . However , intakes d i f fered and i t  cou l d  be argued tha t s taple  

strength and soundness grade are closely rela ted to in take . I t  would 

appear tha t above a certain l evel ( abou t 0 . 9  kg DM/ ewe/day) of intake , 

(dep endent on l ive weight)  increased f ibre diameter , tens ile s t r engt h ,  

and soundness do not  necessarily resul t . Sco f f ield ( 1 97 0 )  presen ted 

s imilar  resul t s  where inc rea sed feed a l l owances to Romney hogge t s  d id 

not r esult  in b e t t er wool produc t ion . However , his intake l evels  were 

lower than in thi s trial . 
D ,  

N o  age effec t s  on t en s i l e  stren�t s  have been no t ed before o n  a 

trial o f  this na tur e . Some two-year-o l d  ewes had a capacity  to e scape 

f rom their allo t t ed trea tment areas dur ing the trial and the e f f e c t s  o f  

this o n  their intakes mus t  b e  borne i n  mind when cons idering t h e  tensile  

s t r ength resul t s . However , these d i f f erences were not disc ernab l e  by 

soundness grade .  koss ( 1 9 6 0 )  has found a correla tion between maximum 

load ( a s  a measure o f  ten s i l e  s t rength) and soundness grade o f  0 . 6 5 .  

Tens ile  s t r ength was una f fected b y  b i r th rank although soundness 

grad e  ind icated s ingle-bear ing ewes to have sounder wool . This  was in 

cont rast to Ross  ( 1 9 60 ) where the woo l  from twin-bear ing ewes was 1 0% 

sound er than woo l  f rom s ingl e  b earing ewes . S t evens and Wrigh t  ( 1 9 5 1 ) , 

Lambourne ( 1 9 5 6 ) , H ight et a l . , ( 1 9 7 6 )  and Bigham et  a l  • •  ( 1 97 8 )  repotted  

incr ea sed numbers o f  unsound f l eeces with  increasing numbers o f  l ambs born 

and r eared . The t rend no ted by Bigham et  al . , ( 1 978 ) for increa s ed 

stap l e  unsoundne s s  to be a s sociated with lower f leece  weight s  was a l so 

evident here . 

In this t r ia l  the large amount of  subj ec t ive data for wool  
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chara c ter is tic s make s t a t i s tical analysis  d i f f icul t .  The gradings are 

no t t ruly cont inuous . Inc reasing the number o f  grades would have lead 

to d i f f erences between adj acent  ones being sma l l  and hence a large 

chanc e e l ement in the a l l o c a t ion to them . With f ewer grades exc ellent  

repea tab il ity can be obtained but  the  d i s tribu t ion becomes d isc re t e .  

The n ine leve l s  used here a r e  intermediate  between the ex tremes , and a l low 

the u s e  o f  s tandard sta t is t ic a l  t echniques if used with caution . 

In a l l  the f u l l  s taple grad ings i t  i s  d i f f icu l t  to see how 6 weeks 

of nutrit ional changes dur ing the seasona l per iod of min imum growth could 

resu l t in marked changes . Thus qua l ity  number was unaf f ec t ed by 

trea tmen t s  over the win ter period as wa s the c r imp f requency . Al so the 

chara c ter grade which depends prima r i l y  on the regularity  and clarity 

of  s ta ple c r imp ( Lang and Skertchley , 1 9 5 5 ) , wa s unaf f ec ted by t r eatmen t s . 

However , i t  wa s a f fected by b irth rank wi th those ewes b earing twins 

having lower grades than t hose  bear ing singles . Lewer ( 1 9 7 8 )  found the 

gen e t ic correl a t ion between character and lambs weaned ranged f rom 

-0 . 66 to + 0 . 3 7 , depending on ewe age . Nutritional s tress can l ead to 

some of the f iner fibres bein g  shed ( Sho r t  et a l . ,  1 9 58 ; Sumner , 1 96 9 ) . 

Thes e  shed f ibres , along with any broken f ibres , can en tangle and resul t 

in c o t t ing . 

this t r ia l .  

No inc rease  i n  cot ting due t o  trea tment wa s no ticed in 

I t  is probabl e  tha t  f ibre d iameter was no t reduc ed to the 

extent tha t s igni f icant shedd ing occurred . 

Lus t r e ,  t ip and handl e  were una f fected  by treatment . S ingl e -bear ing 

ewes had a mor e  blocky t ip than twin-bear ing ewe s .  This i s  probab ly 

a t t r ibutable  to the increas ed foetal demands for the twin b earing ewes , 

having an e f f e c t  on wool  growth ra t e .  I t  was thought tha t both lust re 

and handl e  may have been a f fec ted by �ud and hay contamina t ion during 

swede  feedin g ,  especially dur ing wet wea ther . Colour grades indicated 

that T3 and TS  were inferior with r e spect to the o ther trea tmen ts . 
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These  two treatment s  were locat ed in wet t er areas and increa s ed mud 

contaminat ion may have had an e f fec t . The two-year-o l d  ewes had 

bet ter colour because of t he s ho r t er f leece init ia lly . Presumably the 

shorter  f leec e enhanced drying a f ter wet wea ther . The condit ions of  

high humidity t ha t  can exi s t  in wet long wool have been found to be 

predisposing fac tors for fleece  discoloura t ions (Fraser , 1 9 56 ) . 

I t  was pos s ibl e tha t  swedes  may have been lower in copper 

(Cornfo r th et a l . ,  1 9 7 8 )  whi ch can lead to reduced numbers of crimps and 

a l so lower tensile  s trengths ( Burley and Hordern , 1 96 1 )  with lower fleece 

weight s  (Hill et a l . ,  1 969 ) . Copper leve l s  of  the. f eeds was no t 

measured but copper levels o f  wool f rom two -yea r and four-year-o l d  ewes 

in T 1 , T3 and T4 were mea sured (Appendix No . IV) . No d i ff erences were 

found due to trea tment or age even though the l evels were considerably 

lower t han r epo r t ed by other workers (Healy and Zielman , 1 966 ; S t evenson 

and Wickham , 1 9 7 5 ) . The age e f fec t on c rimp frequency has been no ted 

before (Jackson and Chapman , 1 9 7 5 ) . Crimp abnormali t y , seen as  

irregularity o f  s taple c r imp , and  more commonly known a s  ' doggy ' wool 

was s e en to incr eas� with age in their s tudy . 

Lamb P roduc tion 

The basic d es ign o f  this exper imen t meant  tha t  mo s t  o ther researc h 

result s  were not direc tly comparable to these f indings . Also as  small  

number s o f  sheep per  trea tment were involved , d i f f erenc es would  have to 

be l arge to be s i gn i f ican t .  

A s  expec t ed , no signi f icant a f f e c t s  o f  treatmen t o r  age on the NLB 

or NLW were found . Davies ( 1 9 6 8 )  and McKen zie  and Edey ( 1 97 5 )  found s imilar 

regul t s  for treatment and age r espec t ively on NLB . However Hight and 

Ju�y ( 1 9 7 0 )  found th� t  lamb surviva l ra te (lamb s weaned as a perc en tage 

of a l l  lambs born) inc rea s ed with increa s i ng age of dam for both  s ingle

and mul t iple-·born lambs . 
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O f  t hose  l ambs born only 6 7 %  o f  twins survived to weaning , 

compared to 8 1 %  o f  s ingl es . From the total  o f  28 deat h s  o f  l ambs born 

as twins , 1 6  involved both lamb s o f  a s e t . Where one d ied o f  a set  

over S O% were either very sma l l  or very large  by compar i son to the o ther 

lamb of the set . Dystocia appears the l ikely cause  o f  dea th o f  the larger 

lambs ( Hight and Jury , 1 9 7 0 ) . 

The trea tment e f fec t  on NLW approached s ignif icance ( p < O . l O ) in the 

birth x t r ea tmen t  analys i s ,  however , this appears to be a result o f  

confound ing of  age and treatmen t as when b ir th rank is  included t here is 

a marked reduc t ion in the age e f fec t .  When the three main ef fec t s  were 

cons idered toge the r , trea tmen t wa s non-sign i f icant , wit h  age con tro l l ing 

some o f  the trea tmen t variat ion . Hodge ( 1 966) , Coop and Clark ( 1 9 69 ) , 

and Ra t tray aEd Jagusch ( 1 9 7 7 )  a l so could f ind no effec t o f  nutr i t ion 

in mid-pregnancy on NLB with greater numbers  of ewes and more extreme 

nutr i t ional trea tmen ts t han was used in th is trial . 

Age had a s igni f icant ( p < O . OS)  e f f e c t  on the WLB in the age x treat-

ment analysis . Tb� older ( �  5 yr s)  ewes had heavier lamb s a t  b irth  

than ei t her two -year-old or three-year-old  ewes . Thi s  could have been 

due to the older ewes being b igger and heavier . However , ana lys i s  o f  age 

and trea tment e f f e c t s  on birth  date  indicated age to be  s ignif ican t 

( p < O . O l ) . Hence age and b ir t h  date were confounded and in t he three 

main ef f ec ts model  with b ir t h  date  as  a covaria t e ,  age was non-sign i f icant . 

By taking an account o f  the  date o f  b ir t h  of  the l amb grea ter control 

over var iat ion wa s shown for WLB ( p < O . O l ) . The later lambing ewes had 

heavier lambs . Th1s may be a consequenc e o f  the longer period on a 

h igher fiutritional f egime po s t - treatmert t , or  to the l a t er lamb ings being 

as§OC i& t ed With a ��figer ges ta t ion , rhe f it s t  @we la�bed only 1 6  days 

af ter the end of  the trea tmen t per iod , and 8 7 %  ha d lambed by 3 6  days 

later . La te  pregnancy feeding has been found to have a marked influenc e  

o n  b i r th weight (Wa l lace 1 94 8 ;  Lodge and Heaney , 1 9 7 5 ) . 
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The 0 . 1 5  ± 0 . 3 2 kg birth weight advantag e o f  ro tational grazing over set-

stocking is  s imilar  to  resul t s  of  McClymon t  and Lambourne ( 1 9 5 8 ) . 

Adequa t e  feeding during l a te p regnancy did no t compensate  for the mid-

pregnancy " def ic iency" caused by lower pas ture intake ( 1 . 4 v 2 . 1 kg DM/ ewe 

/day)  in the l a t ter  one-third of the s e t - s tocking trea tment period . 

Al l the forag e  c rop trec>. tmen t s  were inf erior to the pas ture treatments wi th 

respec t to WLB . This resu l t  was achieved even though the total c rops 

DM ava i lable on o f fer was s imilar to that on of fer  in the pas ture trea t -

men t s . However ,  T l  and T3  on ly recorded " intakes" on average o f  0 . 68 

and 0 . 84kg DM/ ewe / day respec t ively over the who l e  perio d ,  compared to 

T4 and T5 of an average of  1 . 0  and 1 . 7 kg DM/ewe/ day r e spec t ively . 

The l o s s  in ewe l ive weight in T 1  and T2 on en try to the treatmen t period 

and for T2 on t r ea tment changeover mid -per iod . may ind ica te  tha t  fodder 

type c hanges exper i enced by the ewe s were suf f i c i ent to a f f ec t  foetal 

growth . Hay f e d  i n  T3 may have buff ered this drama t ic change in fodder 

type .  Hay , b eing o f  high DM% po s s ib l y  enabled s lower pas sage o f  the 

fodder through the rumen, th is a l l owing mo re oppo r tun i t y  for complete  

digest ion to occur and thus more e f f i c i ent use of  the swede food  value . 

Hodge ( 1 9 66 )  with  a 1 7 % loss  in l ive weight on pasture did no t f ind this 

adve r s e  e f f ec t .  

WLW was unaf fec ted by t reatment when the three main e f f ec t s  model with 

b ir th date  as a covaria te was used . Hodge ( 1 966 )  and Mon t ea th ( 1 97 1 )  

had s imilar f in d in gs . <; 
Adequa te nutr i t ion over t he l a�e pregnancy / early 

lac ta t ion perio d  probably ensured ewe milk produc t ion wa s una f f ec ted . 

Also c ompensatory l ive we ight gains of  the ewe over l a t e  pregnancy may 

have obscur\ed  some of the mid-pregnancy treatmen t e f f ec t s .  

( 1 9 7 1 )  and Cur l l  e t  al . , ( 1 9 7 5 )  obtained s imilar resul t s .  

Monteath 

The expec t ed birth rank effect  a t  weaning for  total  weight o f  lambs 

was evident . However , on average , ind ividual twin weigh t s  were l ighter 

than s ingles , agreeing wi th many research f indings e . g .  Davies  ( 1 968) , 
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Right and Jury ( 1 9 70) . The non-sign i fican t  effect  o f  age o f  ewe a t  this 

time sugge s t s  tha t y ounger ewes were j us t  as capab l e  of rearing equivalent  

weight lamb s to weaning as o lder ewe s . This is in contra s t  to Right and 

Jury ' s  ( 1 970)  f ind ings , based on data f rom a to tal of  7 72 7  lambs born . 

In v i ew of  the total number o f  lamb s involved in t his study ( 14 0 )  there 

wou l d  have to be very large d i f ferenc es in WLW to be signif ican t . 

Hen c e  the resu l t  obtained i s  no t unexpected . 

A s  the age x trea tment interac t ion was non-sign i f ican t i t  seems tha t 

the o lder ewes were a t  no d isadvantage when graz ing swede crops as  may 

have b een expec ted if  teeth d eteriorat ion wa s evident . 

These anal yses do not reveal whether swedes o r  pasture f ed during 

mid-pr egnancy w i l l  result in d i f f erent lamb produc tion being obtained . 
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GENERAL CONCLUS IONS 

This study has indicated some trends tha t may be expected to o ccur 

when various winter grazing systems are carried out . 

The c l imatic conditions experienced during this t r ial  over wint e r , 

were mild ,  and i t  i s  poss ibl e  that with mo r e  adverse condi t ions there 

would be greater produc t ion d i f f e rences between the sys tems of wint er 

gra z in g . Lower t emperatures a s sociated wi t h  wet winters would  lower 

within-swede wa ter t empe ra ture s . Increased heat produc t ion required 

to raise the wa ter t o  body temp erature woul d  reduce the feed value of  

the crop for ewe maintenance . Thus in adverse winters hay suppl e -

menta t ion t o  swedes may have greater bene f i t s  than tho s e  shown i n  T 3 .  

The muddy  cond i t ion s a t  feeding would a lso influence character i s t i c s  

mor e  than they d id i n  this study . 

Pas ture growth rray have approached Brougham ' s  ( 1 9 5 9 ) values had 

the winter no t been mild during the trial . When adverse wea ther 

occurred , pasture growth was reduced and f eed utiliza t ion was lowered . 

La te  winter feed shor tages woul d  thus occur and this would probab ly 

be mor e  s erious und e r  a set-stocking policy in contra s t  to a rotat ional-

gra zing policy where feed supp l ies are mo re easily manipulated . This 

may mean that set-stocked sheep suffer further reduc t ion in f ibre 

diame t er s , result ing in inc rea sed  tenderness of  the woo l . The s y s t em 

o f  ro t a t ional grazing in this t rial reduced  day to day varia t ion 

in f eed  intake and hence period to period variation in l ive weight , wool 

produc t ion per  un i t  area , f ibre d iameter  and length.  Only  by 

wi thho ld ing some paddocks f rom g raz ing under set-stocking would  amp l e  

feed supplies be  mad e  ava ilab l e  f o r  increased feed demand in l a t e  

pregnancy . Feed budget ing , a s  prac t ised in this trial in T4 , should 

ensure tha t  f eed d emand is  met by feed suppl y .  
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The f o l lowing point s c an be  mad e  a s  a resu l t  of  this trial : 

( 1 ) DM ' in take ' was greater on pas ture than on fodder c rop treatmen t s  

( 2 )  The winter pas t ure grazing trea tments  provided bet t er woo l . 

produc t ion than wint er fodder crop feeding probably  largely a s  

a resul t o f  intake d i f ferences . 

( 3 ) Feed intakes and ewe l ive we ight changes were closely related . 

( 4 )  Sudden f eed  type changes had d e t r imental ef f ects on woo l  t ens ile  

s trength and f ibre d iameters . 

( 5 )  Buf f er ing  feed type changes wi th supplement s  of a s imilar feed type 

from which they came , bene f i t s  ewe wool  produc tion and charac ter

istic s . 

( 6 )  Changes i n  f ibre diame ter i n  response t o  nutrit ional changes were 

slower than corresponding changes in f ibre l ength .  

( 7 ) Wool product ion f rom o lder ewes ( � year s )  was more s t rongly 

in fluenced by winter grazing s y s t ems than t hat of  ewes of younger 

ages . 

( 8 )  Winter treatmen t s  had no carry-over e f f ec t  post-lamb ing . 
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SCHEDULE 1 

Schedule  of  crop , pastur e _ and hay analys is wo rk 

1 9 7 7  

6 May 

1 1  June 

1 3  June 

1 6  June 

2 0  June 

22 June 

24 June 

2 8  June 

4 July 

6 July 

1 1  July 

1 3 July 

1 4  July 

1 8  July 

2 5  July 

Prel iminary c rop D . M .  analys i s .  

P r e l iminary c rop and paddock pa s ture D . M . ana l y s i s  

Trea tmen t s  commence - cages placed i n  set  stocked area . 

Swede crop di sappearance analys i s . 

Swede crop u t i l isa t ion f i gures calcul a t e d .  
H a y  u t il i s a t ion calcula t e d . 
Pas t ure c u t s  pre and po s t  grazing on treatmen t 4 ,  
c a ges newly placed . 

Hay for t rea tmen t 2 u t i l i sa t ion assessed . 

V isual assessment o f  swede crop u t il isat ion . 

Pasture c u t s  taken , cages newly placed . 

Trea tmen t 2 onto swede s .  
Treatmen t 2 .  
Pasture  samples taken . 

Hay f inal analysis  for  

Swede samples  taken pre and  po s t  foraging area s .  

Pas ture samples taken . 

Swedes samples from pos t  foraging a reas . 

Last  day o f  f i rst round o f  rotat ional ly gra zed area . 
Pasture  o f  second round samp l e d . 

Swede areas measured t o  g ive D . M .  made available to da t e . 
Only pas ture  analysis on Trea tment 4 .  

Pas ture and c rop f inal ana lysi s .  
Trea tment s  f inish . 
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2 3  May 

7 June 

1 3  June 

20 June 

29 June 

4 July 

1 1  July 

18 July 

25 July 

SCHEDULE 2 

Sequence of  Animal Sampl ing 

All anima l s  for  t r ial sor ted on tupp ing colours and 
weighed . 
Ewes mid s id e  sample  areas c l eared . 

Sheep weighed out o f  paddock . 

Sheep weighed , mid s ide  sampled , dyebanded , and sorted 
into groups made on the basis o f  2 3  May l iveweigh t s  and 
tupping records . 
Trial trea tments  commenc e .  

Sheep weighed . 

Sheep weighed . 

Sheep we ighed and s ide sampled . 

Sheep weighed . 

Sheep weighed . 

Sheep weighed and s ide sampled . 
Trial trea tmen ts finish - all into one group and grazed 
on gra s s . 

4 Augus t Ewes full  bel ly c rutched (crutching weight s  taken) . 

1 0  Augus t First  l amb bo rn - lamb b i r th we igh t s  recorded . 

1 5  August Sheep weighed and s ide sampled . 

1 7  Oc t .  Sheep weighed , s ide samp l ed , dye bands col lec ted . 

1 8  Oc t .  Ewes shorn , g reasy fleece  we ights  taken . 

7 Dec . Weaning weigh t s  o f  lambs taken . 

1 1 3 .  



Appendix I (a)  CLIMATOLOGICAL DATA 

Collected a t  Massey Universi ty Met eorological S ta t ion 6 1  meters above Mean Sea Level 0 0 

19 7 7  
Month 

Jan 

Feb 

March 

Apr i l  

May 
June 

July 

Aug . 

Sep t . 

Oc t .  

Nov . 

Dec . 

Means o f  
Max Min 

oc 
26 . 2  

2 2 . 2  

2 1 . 1 

1 7 . 9  

1 3 . 1 

1 2 . 1 

1 2 . 1 

1 3 . 0 

1 2 . 4  

15 . 3  

17 . 3  

1 9 . 1 

oc 
1 6 . 1 

1 2 . 4  

1 2 . 1 

9 . 3  

4 . 7  

5 . 4  

5 . 4  

6 . 4  

4 . 8  

7 . 9  

9 . 2  

1 0 . 5  

(La t itude 4 0  C 2 3 '  S ,  Longitude  1 7 5  E )  ( 1 97 7 )  

Air Temperat ure in Degrees ° C  

Mean 
Monthly 

Temp 

o
C 

2 1 . 2  

1 7 . 3  

1 6 . 6  

1 3 . 6  

8 . 9  

8 . 7  

8 . 7  

9 . 7  

8 . 6  

1 1 . 6  

1 3 . 3  

1 4 . 8  

Absolute Tempera tures 
�1ax Da te  Min Date  

o
C 

2 3 . 5  

2 9 . 6  

24 . 5  

2 5 . 9  

1 6 . 8  

1 6 . 4  

1 7 . 5  

1 5 . 5  

1 7 . 0  

2 0 . 0  

22 . 6  

22 . 7  

8 

14 

3 

1 0  

1 5  

29  

2 5  

1 4  

1 0 

2 1  

28 

oc 
3 . 5  

6 . 5  

4 . 4  

1 . 8  

-0 . 3  

0 . 3  

-0 . 3  

- 1 . 4  

- 1 . 3  

0 . 9 

0 . 5  

5 . 5  

1 5  

9 

26 

28 

1 9  

l l  

1 2  

4 

9 

26  

4 

24  

Grass Mean 0 
Temp C 

o
c 

1 3 . 4  

9 . 6  

8 . 9  

6 . 5  

1 . 2  

2 . 6  

2 . 2  

3 . 4  

1 . 7  

4 . 5  

6 .  1 

6 . 9  

Comment s  

Wes terly winds dominan t . 

Normal mon t h .  

NW winds dominant .  

Northerly wind s .  1 st fros t .  

Eas terly winds . Cold days . 1 3  fros t s . 

Above ' normal ' temps . Good gra ss  growth . 
6 fro s t s . 5 calm days . 

SE  winds .  9 calm days . Grass growth 
slowed . 5 f rost s . 

Above ' norma l ' temps . SE winds . Good 
grass growth . 

Coldest  month for many year s .  Poor 
grass growth . 1 1  f ro s t s .  

Below ' normal ' temps . Slow grass  growth 
5 fros ts .  Westerly winds . 

Below ' norma l ' t emp s .  2 fros t s . NW wind s .  

Below ' normal ' temp s .  Dominant NW winds .  

' Normal ' over 30  year average 

------

...... 
...... 
� 
. 



Appendix I ( b ) 

Month Total 

Jan 66  

Feb 44 

March 4 6  

Apr il 69  

May 1 1 3  

June 1 14 

July 80 

Augus t  5 1  

Sept 1 08 

Oc t 4 8  

Nov 77  

Dec 94 

To tal 9 1 0  

CLIMATOLOGI CAL DATA 
RAINFALL IN MILLIHETRES 

Number of  Maximum Fa l l  
Days Rain Amount Da te 

1 6  2 3 . 4  3 

6 2 5 . 2  2 1  

8 27 . 2  23  

1 8  1 5 . 0  2 4  

1 8  20 . 3  22  

1 7  24 . 1  26  

1 7  1 2 .  1 30 

1 4  1 1 . 3  8 

1 7  2 1 . 5  1 9  

1 3  1 1 . 8 30  

1 1  1 8 . 3  20  

1 4  1 9 . 1 9 

Br ight Sunshine 
Hours 

1 74 

1 8 8  

1 7 4 

1 35 

1 06 

74 

1 08 

98 

1 0 1  

144  

1 8 7  

1 90 

30  Year Average Ra infall  
a t  Palmer ston Nor t h  DSIR 

(mm ) 
8 6  

6 9  

7 2  

7 7  

84 

9 7  

8 9  

84  

70  

86  

8 1  

1 02 

998  

...... 
...... 
ln 
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APPENDIX 1 ( c )  DAILY METEOROLOGICAL DATA 

TEMPERATURE 

DAILY GRASS B RIGHT 
DATE RAIN (mm) MAX°

C MIN°C AV °C MIN°C SUNSH INE ( Hrs ) 

1 3  June 0 1 3 . 4  7 . 2  1 0 . 3 5 . 0  6 . 6  
14  0 1 4 . 3  3 . 0  8 . 7  -0 . 9  3 . 9  
1 5  0 . 5 14 . 0  6 . 4  1 0 . 2  6 . 9  1 . 2  
16  XXX XXX 9 . 6  XXX 6 . 4  0 . 6 
1 7  1 2 . 8 14 . 9  XXX XXX XXX XXX 
1 8  3 . 7 1 0 . 0 8 . 9  9 . 5  7 . 6  XXX 
1 9  4 . 3 8 . 0  4 . 7  6 . 3 4 . 0  0 . 1 
20 1 . 8  1 1 . 7  5 .  1 8 . 4  5 . 0  4 . 4  
2 1  0 .  1 1 0 . 8  2 . 8  6 . 8  7 .  1 6 . 2  
22 0 1 3 . 5 1 . 2  7 . 4  -2 . 4  1 . 2  
2 3  0 1 2 . 2  7 . 5  9 . 9  2 . 0  7 .  1 
24 0 1 1 . 4 5 . 0  8 . 2 0 . 9  0 
25  0 1 0 . 5  0 . 6 5 . 5 - 3 . 1 1 . 0  
26 24 . 1  1 2 . 5  3 . 6  8 .  1 0 . 2 0 
2 7  6 . 5  1 2 . 5  9 . 5  1 1 . 0  8 . 6 0 . 6 
28 8 . 9  1 5 . 8 9 . 6  1 2 . 7  8 . 6  0 
29 4 .  7 1 6 . 4  1 1 . 2  1 3 . 8  8 .  1 3 .  7 
30 0 1 5 . 4  1 0 . 0  1 2 . 7  7 . 2  5 .  1 

1 July 9 . 4  1 7 . 5 4 . 0  1 0 . 8 0 . 9  6 . 2  
2 3 . 4  14 . 0  8 .  1 1 1 . 1 5 . 5  0 . 5 
3 0 9 . 4  5 . 6  7 . 5  3 . 9  2 . 2  
4 1 . 3  1 0 . 4  5 . 2  7 . 8  4 . 7  0 .  1 
5 0 1 0 . 6 0 .  7 5 . 6  -3 . 0  5 . 5 
6 0 1 0 . 8 2 . 5 6 . 7 -0 . 8  5 . 6  
7 0 .  1 1 1 . 8  1 . 7 6 . 8  -2 . 2  4 . 2  
8 0 1 1 . 5  4 . 0  7 . 8  0 . 4  4 . 6  
9 0 1 1 . 1  3 . 4  7 . 3  -0 . 9  7 . 3  

10  9 . 9  8 . 3  6 . 5  7 . 4 -0 . 1  0 
1 1  0 1 0 . 8  4 . 6  7 . 7  1 . 5  6 . 6  
12 0 1 1 . 0  -0 . 3  5 . 3  -4 . 0  9 .  1 
1 3  0 1 2 . 5  1 . 3  6 . 9  - 2 . 7 7 . 9  
14 0 1 2 . 9 3 . 9  8 . 4  -0 . 6  7 .  1 
1 5  0 1 2 . 6 7 . 3  1 0 . 0  2 . 6  8 . 1 
1 6  0 1 4 .  1 6 . 4  1 0 . 3 1 . 0  7 . 6  
1 7  0 1 2 . 5 1 . 0  6 . 8  -2 . 9  3 . 0  
18  0 . 7 1 4 . 7  4 . 3  9 . 5  0 . 0  1 . 6  
1 9  1 1 . 0  1 1 . 9  8 . 5 1 0 . 2 4 . 0  0 . 0  
20  3 . 8  1 3 . 0  1 0 . 4  1 1 . 7  9 . 0  0 . 1 
2 1  0 . 4  1 4 . 7 9 . 6  1 2 . 2  7 . 0  2 . 8  
22  0 . 4  1 1 . 6  7 . 4  9 . 5  4 . 4  0 
2 3 0 . 9  1 1 . 5  6 . 1 8 . 8  3 . 2  0 
24 2 . 6  1 2 . 4  5 . 7 9 .  1 2 . 5  3 . 4  
2 5  6 . 6  1 0 . 8  5 . 6  8 . 2  2 . 3  0 . 2  

XXX - Missing d a ta 



APPENDIX I I  

Mineral Con tent  o f  Wa ter After  Deionisa t ion 

Deionised E f f luent Analys is 

Cu , Fe , NH
3

, Zn 

c1 , so4 , co2 
S il ica 

pH 

Resu l t s  in ppm 

No t detec t ed 

No t detec ted 

Less than 0 . 1 ppm 

6 . 6 - 7 . 0  

1 1 7 .  



APPENDIX I l l  

Des c r ipt ions of the Fleece Charac teris tic 

Grad ing Sys tem 

Below are  l i s ted desc r i p t ions for the f l eece charac teristic  

1 1 8 .  

grad ing system .  S tandards were kep t where pos s ib l e . The measurement 

techn ique is  g iven in cases o f  measurable  characte r i s t ic s . 

GREASY MID-S IDE SAMPLE CHARACTERISTICS 

( i )  Qual i ty Number 

Bradford quali ty n umber s .  

Where 4 6/48  wri t t en as  4 7 . 

( ii )  Charac ter 

An ext ra superior and an extra inf er ior grade were added 

to the grading sys t em used by the Sheep and Wool Divis ion 

of the Minis try o f  Agricul ture and Fisher i es . 

( i i i ) S t apl e Jength 

Average staple selected , measured to neare s t cent ime tre 

uns t r e t ched but f l a ttened . 

( iv)  Cr imp Frequency 

The number o f  c r imps over the whole  s taple were counted , 

d ivided by the staple  leng th ( ems ) and conver ted to c r imps 

per cm,  

(v)  Handle 

Es t ima t ed on an average s taple . 

Ass e ssed without r egard to qua l ity number with the sampl e 

screened f rom the  view o f  the assessor . 

to ob t � in samp l e s . 

1 .  Extremely harsh 

2 .  Markedly harsher than average 

3 .  Clearly harsher t han average 

L ine f ir s t  surveyed 



4 .  S lightly harsher t han average 

5 .  Average handl e  

6 .  S l ightly softer  than average 

7 .  Clearly sof ter than average 

8 .  Markedly sof ter t han average 

9 .  Ext r eme l y  sof t  

( v i )  Lustre 

_t 
Graded with� reference to f ineness .  

1 .  No l ustre (Merino ) 

2 .  Very sl ight lustre  

3 .  Low 2nd demilustre  

4 .  2nd dernilustre 

5 .  Low 1 s t  demilus tre  

6 .  H igh 1st  demilustre  

7 .  2nd lustre ( Engl ish  Lei c ester)  

8 .  1 s t  lus tre (Linc o l n )  

9 .  Like coarse Lincoln 

(v i i )  Soundn�s s  

Tes t  carr ied out on a " standard" s ized sma l l  s taple . I f  

unable  to b e  broken s taple is  divided in to hal f .  

1 .  Much o f  fleece l o s t  

2 .  Very weak 

3 .  "Break" present 

4 .  S l ight pull to brea k  

5 .  Goo d  pull to b r eak 

6 .  Sl ight pull t o  break (� s taple)  

? .  (l{H:h:i pul l  to break (� Uapl ) 

8 .  Good pull to break (� s taple)  

1 1 9 .  



9 .  Sound (� stap l e )  

(vi i i )  Tippiness 

1 .  Like !i_ - type 

2 .  Very t ippy 

3 .  Cons id erable  t ip 

4 . S l ightly worse  than average 

5 .  Average 

6 .  S l ightly bet ter t han average 

7 .  Very s l ight t ip 

8 .  Ba s ically flat  but wi th a f ew f ibres pro t ruding 

9 .  Absolutely f la t  and blocky . 

( IX )  Colour ( unsecured ) 

1 .  Very bad discolour a t ion - bac t erial e t c . 

2 .  Barl yel low discoloura tion 

3 .  Pronounced yellow 

4 .  YeJ l ow 

5 .  Some yel low 

6 .  Sl ight yellow 

7 .  SHght cream 

8 .  Fai n t  cream t inge 

9 .  Per f ec t ly white  

(X)  Co t t ing 

An es tima t e  o f  the degree o f  fibre entanglement  on the mid

s ide  pos i t ion . 

l .  Tightly  ma t ted , impossible to patt by hand 

2 .  Tightly  mat ted , d i f f icul t to par t by hand 

3 .  Considerable e f f o r t  requi red to pull s ta p l e s  apa r t  

4 .  Some e ffort required to p u l l  s taples apart 

1 2 0 .  



5 .  S light e f fort required to pull s tapl es apar t 

6 .  Fairly  f r e e ,  pull ing apart  eas i l y  

7 .  Free , b u t  wi th suf f icient tangl ing t o  hol d  the 

weight o f  the samp l e  

8 .  Very free , fal l ing apart l ike p r e-larnb shorn wool 

9 .  Very free  wi th no b inding between fine s tapl e s . 

1 2 1 .  
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Append ix IV 

Woo l  Copper Analysi s  

Var ia t ion in t h e  copper con t en t  o f  woo l  has been repor ted f o r  a 

wide range o f  soi l s  in the Uni t ed S tates  and New Zealand ( Burns et  a l . , 

1 9 64 ; Healy et  a l . , 1 964 ; Healy and Zeilman , 1 966) . Large , b etween 

local i t y  d i f f erenc es , repo rted by workers have been cons idered to be due 

princ ipal ly to variat ions in soil el emental c oncentra t ions . However , 

dif ferent fodder types have d i f f er ing level s  o f  copper within the same 

local i t y  (Adams and Elphick , 1 9 5 6 ) . 

Thi s experiment was conduc ted to see i f  wool from swedes a lone 

( T 1 ) ,  swedes  plus hay ( T3 ) , and pas ture ( T4 )  diets  differed in copper 

concentrations . Copper deficiency can resul t in lowered tens ile 

s trenght s  and c r imp f requency in wool s  (Burl e y , 1 960) . 

Ma t er ia l s  and Me thoci s 

The mid-side samples collec ted from t he Romney ewes as  described 

earlier were anal yzed . Preparat ion th rough to scour ing wa s as  desc r ibed 

in the mat erial s and me thods sec t ion . Th ree ewes from each 2-yea r-old  

and 4 -year-old sheep in  T l , T3 , and T4  with a similar pregnancy status  

were selec t ed . Samples from pre- and pos t - trea tmen t periods were 

analyzed . 

Samples we ighing approxima t e ly 200mg were rinsed in copper -free 

wa ter for 24  hours and any d iscernable foreign ma t ter was removed as  the 

samples were drained . Af ter drying in a ho t blast o f  air and cond i t ioning 

for 48 hours at 2 0
°

C and 6 5% rela t ive humid i t y  the samples were r ewe i ghed . 

0 These w�re then ashed a t  4 8 0  C for 8 hours . The ash was d issolved in 

Sml of 2MHC1 and diluted for subs equent determinat ion of copper concan t -

rationa by atomic absorption spectropho tome try Ufider th� con d i t ions l i s t ed 

in the Perkin Elm�r 306 manua l .  



S ta t i s t ical Analys is 

The copper c oncen t ra t ion data was sub j ec t ed to analysis  of  

covar iance with the pre-treatment l evel s  used as the covariate . 

t 
age and treatment rf fects  were con s idered . 

Resu l t s  

N o  sign i f icant  age , trea tment o r  age x trea tment e ffec ts were 

found ( Tab l e  A) 

TABLE A MEAN SQUARES FOR ANALYSIS  OF COVARIANCE OF 

WOOL COPPER 

Copper 
Sour c e  d .  f .  M . S .  

Age 1 6 . 0 1 

Between Trea tment s  2 0 . 2 2 

Age x Treatmen t 2 6 . 44 

Res idual 1 2  6 . 59 

1 2 3 .  

Onl y  

Mean copper concen t rat ions o f  wool for age and treatmen t are  g iven in 

Tabl e  B 

TABLE B MEAN COPPER CONCENTRATIONS 

Woo l  Copper Conc entra t ions (ppm) 

Pre-treatment Po s t - trea tment 

Age 2 -y ea r -old 9 . 7 1 1 . 4  

4 -year-old 1 0 . 3 1 0 . 2 

S . E . + 0 . 74 + 0 . 84 

Treatment T 1  9 . 2 1 0 . 7 

T3 9 .  1 1 1 . 0  

T4 l l .  7 1 0 . 7 

S . E . + 1 .  03  ... 0 .  7 7  



1 24 .  

D i s c ussion 

Large d i f f erenc es in d ietary copper intakes appear to be necessary 

to a ffect  woo l copper . Kapoor et  a l . ,  ( 1 97 2 )  found tha t  copper intakes 

varying f rom 6 . 1 5  to 9 . 1 7  mg/ day did not sign i f icantly a f fe c t  wool 

copper . Thus trea tmen t s  had no a f f ect  here . 

The mean copper c oncentra t ions found were wel l below the range o f  

22-8 1 ppm repor ted b y  Hea l y  and Zei lman ( 1 966)  f o r  woo l  f rom sheep 

gra z ing pa s ture on a range of New Zea land soil s .  S t evenson and Wickham 

( 1 9 7 6 )  repor ted a mean l ev e l  o f  2 5 . 5  ppm for woo l  grown in July when 

woo l  growth was s low . As ewes wer e  s t il l  4 we eks from l amb ing at the 

t ime the po s t  treatment samples wer e  taken , it is sugges ted tha t 

pregnancy e f fec ts were unl ikel y  t o  influenc e  the copper l evel s .  

In this  t r ial the wa t er used for scouring the woo l  samples wa s 

d i s t illed and d eion lsed (Deionised mineral con t ent of wa ter af ter 

de ionisa tion is  shown in Append ix I I ) . I t  is sugges ted that the wa ter  

used by  o ther workers for  scouring may have been contamina ted and tha t 

the wool ab sorbed copper f rom the wa ter . 

wer e  found to b e  up to 5ppm . 

Wa ter copper conc en tra t ions 

High between sheep var ianc e has a l so been found by S tevenson and 

Wickham ( 1 9 7 6 ) . I f  much o f  the copper present was absorbed from the 

washing wa ter  this sugge s t s tha t there may be  a marked d i f f erence in the 

abi l ity o f  woo l  produced b y  dif feren t sheep to bind to copp e r .  
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