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i i  

ABSTRACT 

Each o f  15  se ts  o f  iden t i cal twins was alloc at ed t o  two 

graz i ng t r ea t me nts , the pas ture fed t reatme n t  ( PF )  and t h e  

concen t ra t e  f e d  trea tmen t ( CF ) . Cows in PF  trea tmen t w e r e  f e d  

pas ture  only and those cows in CF t rea tment wer e  suppl emen t ed 

w i t h  concen t ra tes . The swards used were pred om i nan t ly o f  

perenn i al ryegrass . The experimen t was carried ou t f o r  1 4  weeks 

( 1 4 th Sep t ember-2 1 s t  December 1987 ) o f  the early graz i ng season 

o f  1 987 . 

The expe rimen t was carried ou t in two pe r i ods , Period I 

wi t h  an allowance o f  20 kgDM/ cow/day from 1 3 t h  t o  27 th Oc t o b e r  

1987 a n d  Pe r i od II wi th a n  allowance o f  25 kgDM/cow/day f rom  

2 1 s t t o  3 0 t h  November 1987 . M i lk yi eld , m i lk compos i t i on , 

ani ma l  l i vewe ight  and cond i t ion s core were measured . 

He rbage i n t ake was es t imated  by sward cu t t ing t echni q u e  

and was 10 . 0  and 9 . 0  kgDM/cow/day f o r  supplemen t ed cows , and 

1 1 . 8  and 1 2.2 kgDM/cow/day for. unsupplemen ted cows i n  Pe r i od s  I 

and II  r e s p e c t ively . Supplemented cows consumed 6 . 7  

kgDM/cow/day concen t rates  in both periods . 

There was a s i gni f i cant increase in mi lk y i eld  due t o  

concen t r a t e  supplemen t a t i on . The average res ponse was 0 . 40 kg 

m i lk/kg concen trate  OM ea t en or 0.68 kg mi lk/kg ex t ra feed DM 

e a t en .  Y i e l d s  o f  milk cons t i tuen t s  were increased  exce p t  f o r  

f a t i n  P e r i o d  II . 



i i i  

Concen tra t e  feeding had no e f fec t o n  m i lk f a t  and m i l k  

lac t o s e  concen t ra t i ons bu t m i lk pro t e i n  concen t r a t i on was 

increased . Supplemen ted cows gained more l i veweight  and 

cond i t i on s core than unsupplemen t ed cows . 

Concen trate  supplement  inc reased t o tal i n t akes by 0 . 65 

kgDM/kgDM concen t ra t e  eaten and 0 . 69 MJME/MJME concen t r a t e  

ea t en . Herbage intake was decreased b y  a n  ave rage 0 . 34 

kgDM/kgDM concen t ra t e  ea ten . Res idual herbage 

increased by concen trate  supplemen t a t i on . 

mass was 
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INTRODUCTION 

In New Zealand dairy farmers rely on grazed pas ture  as the 

mai n  source o f  feed for the i r  da i ry s t o c k ,  and through the i r  

management  a t t emp t to ma t ch annual demand wi th pas t u re supply . 

Howeve r ,  i n  some years , sign i f i can t pas ture  defi c i ts can occur 

due t o  excep t i onally cold or we t w i n t ers reducing pas ture  grow t h  

r a t e s  par t i cularly o n  those farms wi t h  early cal v i ng . In  such 

si t ua t i ons farmers are forced to use supplemen ts such as hay , 

si lage and meal concen t r a t e  i n  order  t o  f i ll the t emporary ' gap ' 

i n  pas ture supply . 

The present  st udy was designed and i n i t iated t o  examine 

the e f f e c t  of  concen t rate  supplemen t on ani mal performance when 

pas t ure allowance was rest r i c ted , as in  the above examples , and 

when allowance was adequa t e . 

Al though several expe r i men ts 

Arriga-Jordan and Holmes , 1 986 ; 

( Jenn i ngs and 

Grai nge r , 1 987 ) 

Holmes , 1984 ; 

have shown 

relat ively poor and uneconomi c  res ponses t o  concen t ra t e  feedi ng , 

these have generally been relat ively short - t erm s t ud i es . 

Because many fac tors , such as level of  feed i ng ,  feed qual i ty and 

the ani mal i ts el f ,  can a f fec t the  response of graz ing cows t o  

supplemen t s ,  i t  i s  pos s i ble t ha t  l onger- term concen t ra t e  f eed ing 

may show d i fferen t and even more f avourable e f fec t s . 



2 

The presen t s tudy also a t t emp t s  t o  de t ail  the maj o r  

fac to rs  concerned wi t h  t h e  res ponse o f  cows t o  supp lemen t ary 

fee d i ng and also the fac tors i nfluenc i ng herbage int ake by 

graz ing dairy cows . 
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2 REVIEV OF LITERATURE 

2 . 1  EFFECT S  OF SUPPLEMENTARY FEED GIVEN TO GRAZING CO�S . 

2 . 1 . 1  E f fe c t s  on Feed In take and Subs ti t u tion . 

There is  general agreemen t t ha t  when supplemen t s  are fed 

wi t h  unres t r i c ted pas ture of good quali ty ,  cows c onsume less 

pas ture a l t hough to tal feed i n t ake i s  o f t en increased ( Hu t t on 

and Parker , 1966 ; Bryan t , 1978 ; S tockdale e t  a l . , 1 9 8 1 ; King and 

S t ockdale , 1 981 ; Bryan t and Trigg , 1 982 ; M e i j s and 

Hoeks t ra , 1 984 ; S t ockdale and Trigg , 1985 ; S t akelum , 1 986a , b , c ;  

Grainge r , 1 987; �i lls , 1988 ) . The term 'subs ti t u t i on rate ' i s  

used t o  descr i be the amoun t o f  reduc t i on i n  pas t ure  D M  in t ake 

when 1 kgDM supp lement is consumed . The subs t i t u t i on r a t e  and 

the amoun t of  to tal DM i n t ake can be inf luenced by t he type o f  

supplemen t s , the feed ing level o f  herbage and supp lemen t s ,  t he 

qual i ty o f  herbage and supplements , physiologi cal s t a t e  o f  

an i mals arid probably the i n t erac t ion b e t ween these f a c t o rs . 

2 . 1 . 1 . 1  Type o f  supplemen t s  

Supplement ary feeds are usually used  t o  supplemen t gra z i ng 

par ticularly when herbage i s  in  s hort  supply . The e f f e c t s  o f  

type of supplemen t on subs t i tu t ion r a t e  are var i able ( Umoh and 

Ho lmes , 1974 ; Bryan t and Trigg , 1 982 ) , probably owing t o  the  

confounding e f fe c t  o f  feeding level , rela tions hi p  wi t h  pas ture 

quali ty o r  balance o f  the whole d ie t . Howeve r ,  supplemen t a tion 
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w i t h  a par t i cular nu t r ien t whi ch i s  def i c i en t  i n  the d i e t  can 

i nc rease the i n t ake of  pas ture resul t ing in  a reduc t i on i n  

subs t i t u t ion rat e .  Pro t e i n  supplemen t a t i on ,  for  i ns t ance , can 

i n c rease pas ture i n t ake when the d i e t  is def i ci e n t  in pro t e i n  

( Kemp t on , 1 983 ) .  The range o f  subs t i t u t i on rat e  for vari ous  

f eeds  a t  various phys i olog i cal s t a t e  can be cons idered to  be  

s i m i lar  t o  tho se  repor ted  by Leaver et  al . ( 19 68 ) ,  Jou rne t and 

Demarqui l ly ( 19 7 9 ) , B ines ( 197 9 ) ,  Meij s ( 198 1 )  and 

( 1 9 85 ) . 

Leaver 

To t al OM in take is  usually increased wi th supplemen t a t i on 

t o  gra z i ng cows . At  res t r i c t ed herbage allowance , o f fering 

grass s i lage as a buffer feed leads t o  a large increase in  t o tal 

DM i n t ake ( Rogers , 1 97 9 ;  

19 85b ) . 

Bryan t , 19 7 8 ; Ph i ll i p s  and Leaver ,  

2 . 1 . 1 . 2  Level of  feed ing 

The ex te nt  to  whi ch herbage DM i n t ake i s  reduced in  

response t o  supplemen tary feed ing under graz i ng cond i t ion is  

largely d ependent o n  level o f  herbage allowance  ( Me i j s and 

Hoeks t ra , 1984 ) . Regardless of the type of supplemen ts , the  

subs t i t u t ion ra t e  i s  increased w i th  i ncreas i ng HA . Meij s and 

Hoeks t ra ( 1984 ) wi th concen t ra t e  supplemen t ing t o  graz i ng cows , 

found tha t the subs t i t u t i on r a t e  was shown t o  decrease f rom 0 . 50 

a t  a h igh HA t o  0 . 1 1 a t  a low HA . Simi lar relat i onsh i p  was also 

observed w i t h  hay supplement  ( Eldridge and Ka t , 1 980 ; � i l ls and 

Holmes , 1988 ) and s i lage supplemen t ( Ph i lli ps and Leaver , 1 985b ) . 
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The rela t i onsh i p  be tween the amoun t o f  supplemen t consumed 

and subs t i tut ion rate has been shown to be  incons i s t en t . In  

revi ewing 1 1  zero graz ing exper imen t s  cove r i ng t h e  range 0-5 . 2  

kg concen t ra t e  DM , Meij s ( 1 9 8 1 ) s howed a mean sub s t i t u t i on ra t e  

o f  0 . 45 .  For a further incremen t of  concen t rates over the range 

2 . 7 -6 . 9  kg concen trate  DM in the s ame experime n t s , the  mean 

subs t i tu t ion rate  was 0 . 60 .  Th i s  i nd i c a t ed t he curv i l i near 

rel a t i onship, however , t h i s  has no t been confi rmed in graz ing 

t r i als wi th  lac t a t ing cows ( Me i j s and Hoeks t ra , 1984 ) ,  wi t h  beef 

ca t t le ( Umoh and Ho lmes , 1 974 ) and indoor trials  ( Tapari a  and 

Davey , 1 97 0 ;  Tayler and �i lkins on,1 9 7 2 ) .  Sarker and Ho lmes 

( 1 9 7 4 ) , Combellas et al . ( 1 9 7 9 ) , and S t ockdale and T r i gg ( 1 985 ) 

even found a decreas ing subs t i tu t i on r a t e  a t  h igher concen t ra t e  

in t akes by graz ing dry cows , he i fers and l ac t a t ing cows 

res pec t ively .  

I t  i s  s i mp ly tha t a t  high level o f  feed ing, e i t her  h igh HA 

or h i gh supplement  in take , subs t i t u t ion r a t es are increased bu t 

HA i s  more l i ke ly to play a maj or  determi nan t in i n fluencing the 

magn i tud e  of  subs t i tu t ion rates . 
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2 . 1 . 1 . 3  Quali ty  o f  feeds 

The subs t i t u t i on ra t e  can be  a f fec ted by the q ua l i ty o f  

s u pp lemen t .  Meij s ( 1986 ) compared a high s tarch w i t h  a h igh 

f i br e  sup plemen t ( 1 2 . 4  and 1 1 . 7  MJME/ kgDM respec t i vely)  for  

graz i ng dai ry cows and concluded tha t the high s t arch supplemen t 

caused h i gher reduct ion in  the consump t i on o f  pas ture  ( 0 . 45 

kgDM/kgDM as concen t rat e )  than t he low s tarch 

kgDM/kgDM as supplemen t ) .  He sugge s ted 

supplemen t 

t ha t  change 

( 0 . 2 1 

in  

subs t i t u t ion r a t e  was rela t ed to  the rumen fermen t a t i on ,  where 

t he  h i gh s t arch concen t ra t e  t ended t o  de crease the rumen pH , 

a f f e c t ing the celluloly t i c  ac t i vi ty o f  m i c robes . Simi lar 

resul t s  were observed by Jenn ings and Holmes ( 1 98 4 )  w i t h  

c oncen t r a tes o f  high or low qual i ty ( 1 3 . 6  and 1 2 . 0  MJME/kgDM 

res pec t ively ) . Vi th fo rage 

i nf orma t i on rela ted to  the 

supplemen t a t i on , there i s  no t much 

d i f fe ren t quali ty .  S t ockdale e t  

al . ( 1 98 1 )  and King and S t ockdale ( 198 1 )  sugges t ed t ha t  the 

relat i ve qual i ty of  hay compared wi t h  pas ture d e t ermined the 

ab i l i t y of  the supplement  t o  coun t e rac t the e f fe c t s  of 

und e r feed ing , although t hey d i d  no t compare supplemen ts  of 

d i f fe ren t d iges t i b i l i ty .  

2 . 1 . 1 . 4  Phys i o logi cal s t a t e  

Informa t i on about t h e  e f fec t o f  s t age o f  lac t a t i on o n  OM 

subs t i t u t ion r a t e  is con t rad i c t ory ( J ennings and Ho lmes , 1984; 

P h i l l i ps and Leaver , 1 985a , b ) .  
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2 . 1 . 2  E f fe c t  on Res i dual Herbage Mass 

Supplemen t a t i on can reduce the severi ty o f  gra z ing . 

B ryan t and Trigg ( 1982 ) concluded from many exper imen t that for  

e ach 1 kgDM o f  supplement  consumed , res idual herbage mas s  is  

increased by 100-200 kgDM/ha . Cons idering that  when supplemen t s  

a r e  fed cows e a t  less pas ture , an increase in  res i dual herbage 

mass is presumably due to the subs t i tut i on rate  of supplemen t s  

f o r  herbage (�ills , l988 ) . The extent o f  var i a t i on i n  increased 

res i dual he rbage mass i s  probably due to  the d i f ferences in 

herbage mass , herbage allowance , level of supplemen t feed ing and 

the subs t i t u t i on ra t e .  

2 . 1 . 3  E f fe c t  on M i lk Yield and Compos i t i on . 

The e f fe c t  o f  supplemen tary feed ing on m i lk y i eld and m i l k  

compos i t i on was revi ewed b y  Bryan t and Trigg ( 1 982 ) who 

concluded that  the average res ponse was an  ex t ra 0 . 5  kg o f  milk  

o r  2 1  grm  o f  milk fat  for each addi t ional 1 kgDM o f  supplemen t 

consume d , wi th  a range of  -0 . 2  to  1 . 4  kg and - 6  t o  63 grm o f  

m i lk and m i lk fat  respec t ively . Leaver e t  al . ( 19 6 8 ) revi ewed 

average response of 0 . 32 kg mi lk/kg supplemen t e a t en whereas 

Journe t and Dermarquilly ( 1979 ) concluded an average response o f  

0 . 4  kg milk/ kg supplemen t cons umed . The var i a t i ons in  such 

response can be a t t r i bu t able to  d i f ferences i n  t he type o f  

supplements , in  M E  concen t ra t ion per kgDM o f  supplemen t ,  i n  the  

amount  and qual i ty of  bo t h  pas ture and supplement s  consumed , i n  

s t age o f  lac t a t i on , in level o f  produc t i on and p robably the  
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combi na t i on of  these factors  a f fect i ng the response .  

2 . 1 . 3 . 1 Type o f  supplemen t 

Mos t ev i dence has shown tha t when supplement s  were fed, 

regardless of the type of d i e t, y i elds of m i lk and i ts 

cons t i tuen t s  generally increased . Based on the l i m i ted data  

revi ewed by Bryan t and T r i gg ( 198 2 ) , there is  no convi n c i ng 

evidence t ha t  produc t i on response was a f fe c t ed by the  type o f  

supplemen t s . Those fac tors  includi ng qual i ty and q uan t i ty o f  

supp lemen t , frequency o f  feed i ng and in t erac t ions among t hese  

fac t or s  in  asso c i a t i on wi t h  pas ture fac tors  ra ther t han the type 

of supplemen t i tself a f f e c t  animal produc t i on respons e .  In 

I reland, Walsh ( 1969),  for example, fed graz i ng d a i ry cows wi th  

concen t ra t e  or hay ad l i b i t um and observed d i f feren t response  t o  

bo t h  supplemen t s. He sugges t ed tha t  the d iges t i b i l i ty ,  no t t he 

type, o f  supplements  affe c t ed d i f feren t response per kgDM 

supp lemen t . Thi s  imp l i ed that  as t he two supplemen t s  con t a ined 

d i f ferent  ME concen t ra t i on, the ME i n t ake o f  the cows were also 

d i f ferent  and hence t he cows showed d i f ferent response . When 

compari sons have been made between energy and pro t e i n  

concen t rate s , Rogers e t  al . ( 1983 ) shown t h a t  s ign i f i can t ly 

great e r  res ponses to  p ro t e i n  t han energy supplement s  o c curred i n  

only 4 o u t  of  8 expe r i men t s . One o f  the exp e r i men t showed 

inc rease i n  the yield of mi lk, fat and pro t e i n  by 1 6 %, 1 9% and 

5% respec t i vely . Concen t ra t i on of  fat was increas ed  whe reas 

pro t e i n  concen t rat ion was depressed . 
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Al though the type o f  supplemen t s  was unl ikely t o  a f f e c t  

produc t ion response , i t  d i d  a f f e c t  concent ra t ion o f  m i l k  

cons t i tuen t s . M i lk f a t  concen trat i on was depressed by 

concen t r a t e  supplemen t a t i on but  i t  was increased  by s i l age 

s u pplemen t a t i on (Jennings and Holmes , 1984; S t ockdale and 

T r i gg , l985; Ph i ll i ps and Leaver , 1 985b; Arr iga-Jordan and 

Holmes , 1 986; S t akelum , 1986a ) . However ,  fat concen t r a t i on was 

un l i ke ly to be affec t ed by hay supplemen t a t i on a l though i t  

t ended to  be  increased ( S t ockdale e t  al . , 1 9 8 1; Phi l l i ps and 

Leaver , 1985a) . The redu c t ion in milk  fat concen t ra t i on by 

concen t ra t e  supplemen t a t ion has been sugges t ed to  be due to a 

high produc t i on of  prop ion i c  acid and a low produc t ion o f  ace t i c  

and bu tyr i c  acids  i n  the rumen , depres s i ng the secr e t i on o f  m i l k  

fa t ( Rook and Thomas , 1983 ) .  M i lk protein  concen t ra t i on was 

i n creased by concen t ra t e  supplemen t a t ion ( S t ockdale and 

T r igg , 1985 ; S t akelum , l 986a , b )  Hay supplemen t s  had no e f fe c t  on 

m i lk pro t e i n  concen t ra t i on but s i lage t ended t o  reduce 

c on cen t ra t ion o f  milk p r o t e i n  ( Ph i l l i ps and Leaver , 1 985b ) . M i lk 

lac t os e  concen t ra t ion was unl i kely t o  be affec ted by the type o f  

supplemen t s . 

2 . 1 . 3 . 2  Level o f  feed i ng 

The e f fe c t  of  supp lemen t a t ion on animal performance 

( kgFCM/kgDM supplemen t )  decreased as the overall feedi ng level 

i n creased ( Leaver e t  al . , 1968; B ryan t , 1978; S t ockdale e t  

a l . , l 9 8 1; B ryan t and Trigg , 1982; S t ockdale and Trigg , 1 9 8 5; 

P h i l l i ps and Leave r , 1985a , b; S t akelum , 1986a; Grainger , 19 8 7 ) .  

\ 
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V i t h  concen t ra t e  supplemen t ,  S tockdale and T ri gg ( 1985)  obs e rved 

t h a t  increases in  t o tal  DM i n t ake from 8 . 0  to 14 . 9  kg resul t ed 

in  decreases in  m i l k  response from 1 . 6  to  0 . 55 kg/ kg supp lemen t 

ea t en but  increases in  l i veweight gain . 

A t  comparable supplemen t in t ake, response was grea t er a t  

low allowance than a t  high allowance and t h i s  usually o c curred 

in  asso c i a t ion wi t h  the lower subs t i t u t ion r a t e  of supplemen t 

f or  herbage 

T r igg, 1 985 ; 

( Ph i l l i ps and 

S takelum,1986a ; 

Leaver, 1985a; 

Grainge r,198 7 ) .  

S t ockdale and 

Gordon ( 19 7 9 ) ,  

and Le Du and Newberry ( 1 9 8 2 )  even repor ted overall responses o f  

1 . 2, and 2 . 9-3 . 5  kg mi lk/kg concen t r a t e  consumed, t o  severe 

res t r i c t i on . 

The effect  o f  level o f  supplemen t i n t ake on y i eld res ponse 

was very small . Such e f f e c t  t ended to  depend largely on the 

overal l feed ing level and 

t han t he level of  supplemen t 

the amoun t of  pas ture i n t ake rather 

i t sel f .  Many experimen t s  have 

shown a tendency of decreas ing response in yields of m i lk and 

i t s cons t i tuen ts wi th i ncreas ing the level o f  supplemen t 

consumed ( Bryan t and Trigg,1982 ; 

S t ockdale and Trigg,1985 ) .  

Phi l l i ps and Leaver,l985b; 

M i lk compos i t i ons were affec t ed no t only by the type o f  

s upplemen t bu t also by the level o f  supplemen t a t i on .  

Expe r i men ts  i n  wh i ch the effec t s  o f  al t e r i ng the ra t i o  o f  

r oughage t o  concen t ra t es had been s tudied ( Bros t e r  e t  al . , 1 9 7 9; 

Sut ton e t  al . ,1980 ) . Vhen the ra t i o o f  roughage t o  concen t ra t es 
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was reduced , m i lk fat concen t ra t ion fell  i n  bo t h  exp e r i men t s . 

The fall i n  milk fat  concentra t i o n  was due t o  the com b ined 

e f fe c t s  o f  an increase in m i lk y i e ld and a decreas e i n  f a t  

secre t ion . There was also some evidence that a d i f ferent  

response occu r red when d i f feren t typ e s  o f  concen t r a t e s  were  u s ed 

( Su t t on , 1 98 1 ) . Concen t ra t es con t a i n i ng a h igh propo r t i on o f  

s t arch such a s  cereal grains led to  depres s i on i n  m i lk f a t  

concen t ra t i on . Mai ze and sorghum p roduced a h igher m i lk f a t  

concen t ra t i on than those cereal grains �on taining h i gh s tarch 

( Su t ton , 1 98 1 ) . 

2 . 1 . 3 . 3  Qual i ty o f  feeds 

The e f fect  of supplemen t a t i on on the d iges t i b i l i ty of t he 

whole d i e t  i s  unclear . A depress ion in  d iges t i b i l i ty in  t he 

d i e t  o f  gra z i ng cows supplemen t ed wi t h  concen t r a t e  (-0 . 4%/kgDM 

concen t ra t e )  has been shown by Arriga-Jordan and Holmes ( 198 6 ) . 

T h i s  was probably due to  a reduc t i on in  gas t ro- i n t e s t i nal  pH 

whi ch resu l t ed in a reduc t i on in the d iges t i b i l i ty of s t arch and 

cell wall carbohydrate (Reid et a l . , 1980) . E l d r i dge and Ka t 

( 1 980)  d i d , however , no t find that  depress ion in  non- lac t a t i ng 

cows suppleme nted wi th hay . The absence o f  the e f f e c t  o f  hay 

supplement on the d iges t i bi l i ty of the  d i e t  observed by them can 

be a t t r i bu t ed tha t such e f fec t would depend on the  d iges t i b i l i ty 

o f  the hay and o f  the pas ture rather t han the d iges t i b i l i ty o f  

the hay alone . 
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M i lk y i eld was unlikely t o  b e  a f fe c t ed by the qua l i ty o f  

t he supplemen ts  i t sel f . I t  reflec ted the d i f f erence i n  herbage 

i n take caused by d i f fe rence i n  qual i ty ( diges t i bi l i ty or ME 

concen t r a t i o n )  o f  supplemen t .  Mei j s ( 19 8 6 ) compared a high 

s t arch wi th  a high f i bre supplemen t ( 1 2 . 4  and 1 1 . 7  MJME/kgDM 

respe c t i vely )  for graz ing da i ry cows and concluded that  a h i gh 

m i lk p roduc t ion from h igh fi bre supplemen t t han h igh s tarch 

s upplemen t was due to a higher herbage in take in  h i gh f i bre 

t rea tmen t .  The fa t concen t ra t i on o f  the m i lk was also higher 

w i th t he f i brous concen t ra t es due to  decreased molar propo r t ions 

of propion i c  ac id  i n  t he rumen . Ano ther gra z i ng comparison 

be tween high qual i ty and low quali ty concen t ra te supplemen t a t i on 

( 1 3 . 6  and 1 2 . 0  MJME/kgOM respe c t i vely) has been made by Jenn ings 

and Ho lmes ( 1 984 ) . No s igni f i can t d i f ference in  m i lk y i eld o f  

cows fed e i ther h i gh or low quali ty concen t ra te supplemen t s  was 

observed bu t m i lk fat concen t rat i on was depressed when cows we re 

fed the high qual i ty concen t ra t e . 

Although Hu t t on and Parker ( 1 9 65 ) ,  Parker ( 1 9 6 6 ) and 

S tockdale et al . ( 1 98 1 )  all have shown pas ture-hay d i e t s t o  

have lower nu t r i t i v e  value when compared wi th  pas ture only , K i ng 

and S t ockdale ( 1 98 1 )  found the rela t ive nu t r i t ive value o f  t he 

hay , in  terms o f  produc t i on and body cond i t ion , was s i mi lar t o  

that  of  pas ture . The former au thors used hay hav i ng the OM 

d iges t i b i l i ty of 5 3 , 60 and 6 3% respe c t i vely ,  whereas the la t te r  

au thors  repor ted t h e  O M  d iges t i b i l i ty o f  hay o f  7 0%. I n  

add i t ion , t h e  O M  d iges t i b i l i t i es o f  pas t ure o f fered i n  these 

s tud i es was h igher than hay excep t in the t r i als of  King and 
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S tockdale ( 198 1 )  that hay was higher i n  d iges t i b i l i ty t han 

pas ture  ( 70 and 6 3% respe c t ively ) . These seemed to i nd i ca t e  

tha t the response t o  a supplement  i s  unl i kely t o  depend o n  the 

rela t ive diges t i b i l i ty o f  the supplement  and pas ture and the 

p ropo r t ion o f  these  componen t s  in  t he d i e t s . The e f f e c t  of  

s i lage quali ty wh i ch i s  supplemen ted t o  s t all  feed ing cows on 

m ilk produc t i on has been recen t ly examined ( Rogers , 1 985 ) . The 

average d iges t i b i l i ty of high ( early c losure ; Sep t ember , 2 3 )  and 

of low ( late  closure ; O c t ober , 10 )  qual i ty s i lages were 7 2 . 5  and 

6 7 . 6% respe c t ive ly . The cows fed high quali ty s i lage p roduced 

1 . 15 kg FCM of  milk  grea ter than those cows fed low qual i ty 

s i lage , bu t the l i veweight  changes were s imi lar . 

2 . 1 . 3 . 4  Stage of  lac t a t ion and level o f  p roduc t i on 

Res ponse in  milk output  to increased supplemen t input  has 

been sugges ted to decl ine as lac t a t i on advance ( Bros t e r  and 

Thomas , 198 1 )  s i nce more energy i n t ake i s  par t i t ioned t owards the 

l iveweight and less  t o  milk w i t h  advanc i ng lac t a t i o n .  Recen t 

works by Ph i ll i ps and Leaver ( 1 985a)  and S t o ckdale e t  a l . ( 1 985 )  

also reported a decrease in milk yield per kgDM supplemen t e a t en 

as lac t a t ion advance . However ,  this  e f f e c t  was no t observed by 

Jenn i ngs and Holmes ( 1984 ) and Ph i l l ips  and Leaver ( 1985 b )  

supplemen t ing wi t h  concen t r a t e  and s i lage respec t i ve ly .  
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Marg i na l  response ( kg FCM/kgDM supplement ) c a n  b e  

inc reased by t h e  m i l k  po ten t i a l  o f  t h e  cows . Coulon e t  

al . ( 1 987 )  repo r t ed a margi nal response o f  0 . 6 ,  1 . 2  and 1 . 6  for  

cows of  a po t en t ial o f  milk yield o f  2 6  kg , 2 6-29 kg and > 2 9  kg 

respec t i vely . H igh y i elding cows s howed a greater response no t 

only i n  m i lk  produc t i on but  also in  l i veweigh t  gain  t o  

supplemen t a t i on than 

Leaver , 1 985a ) . 

low yield i ng cows ( Ph i l l i ps 

2 . 1 . 4  E f fe c t s  on Li vewe igh t  and Body Cond i t i on Score . 

and 

Many t r i als  have shown tha t  on mos t occas ions , supplemen t s  

reduced l i vewe igh t loss o r  even increased li vewe igh t gain 

depend ing on those fact ors ou t l ined in the previ ous t o p i cs 

( 2 . 1 . 1  and 2 . 1 . 3 ) .  Bryan t and Trigg ( 19 8 2 )  reviewed many sho r t  

term t r i als and showed the bene f i t f o r  1 . 0  kgDM o f  supplemen t 

consumed o f  1 50 grm/kgDM reduc t i on in  l i vewe ight  loss i n  early 

lac t a t ion . 

The e f fe c t  of supplemen t a t i on on l i vewe ight  changes i s  n o t  

always repor te d . However , Hu t t on and Parker ( 1966 ) ,  King and 

St ockdale ( 1 98 1 )  and Bryan t and Trigg ( 19 8 2 )  have observed a 

correspond i ng t endency for grea t e r  i ncreases i n  l i vewe i gh t ga ins 

due to  supplemen t s , when t he overall level o f  feed ing i n creased . 
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Type of supplemen t i s  unlikely t o  a f f e c t  the response in 

l i veweigh t change . I t s qual i ty 

type d o  a f f e c t  l i vewe igh t and 

absence of pos i t i ve effec t on 

and quan t i ty ra t he r  t han i t s 

cond i t i on score change . The 

l iveweigh t  change per  uni t  

consumed as hay a t  very high HA i n  t he t ri als of  S t ockdale e t  

al . ( l98 1 )  was mainly due t o  t he relat i vely low d i ge s t ib i l i ty o f  

hay compared wi t h  pas ture o f f ered and t o  very high s ubs t i t u t i on 

rate  as  well . 

Any e f fe c t  of  supplemen t a t i on on m i lk response i s  l i kely 

t o  be adverse ly affec t ed by l i vewe i gh t gain  because the 

par t i t i on o f  energy consumed be tween milk and livewei gh t  has a 

nega t i ve relat ionsh i p .  I n  early lac t a t i on ,  for example , more 

energy in take is par t i t i oned t o  produce m i lk and less  to 

livewe igh t gain bu t as lac t a t i on advance this  shows reverse 

effec t .  
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2 . 2  EFFECTS O F  LEVEL OF FEEDING I N  EARLY LACTATION. 

A t  a given level o f  feed ing in early lac t a t i on , cows l ower 

in  l i vewe i gh t  or body cond i t i on s core  at calving p roduce less  

m i lk t han cows calving at  h i gher l iveweight or cond i t i on s core 

( Grainger et  al . , 1982 ) . The l i vewe i gh t  or  body cond i t i on a t  

calving ra t her than the r a t e  o f  change i n  l iveweigh t  o r  

cond i t i on score prior  t o  calving i s  the more impor t an t  fac t o r  

affec t ing future produc t i on ( Roger s  e t  al . , 1979 ; Grainge r e t  

al . , 1 98 2 ;  King e t  al . , 1985 ) . Nei ther the type o f  d i e t  nor the 

level o f  feeding precalvimg had a measurable i n f luence on 

subs equen t m i lk y i e ld , milk compos i t i on or  l i veweight  i f  the 

cows calve at s i m i lar we igh t or cond i t ion score ( Hu t t on , 1 9 7 2 ; 

Rogers e t  al . , 198 1 ) .  

Changes in level o f  feed ing are reflec ted in bo t h  milk  

ou t p u t  o f  t he cow and in changes in  body weight . Under feed i ng 

in early lac t a t i on , for example , resul ted in  a redu c t i on in  m i lk 

yield , l i vewe igh t  and cond i t i on s cor e ,  and i n  an al t era t i on o f  

m i lk compos i t ion , no t only during the t ime o f  underfeeding 

( i mmed i a t e  e f fec t )  but the later  s t age af ter underfee d i ng 

( carryover e f fec t )  ( Bros ter , 1 9 7 1 , 1972 ; Grainger 

Bros t e r  and Bros t er , 1984 ; Bros t e r  e t  al . , 1984 ; 

al . , 1 9 87 ) . 

e t  al . , 1 98 2 ; 

S t ockdale e t  
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2 . 2 . 1 E f f e c t s  on M i lk Y ield and Compos i t ion . 

2 . 2 . 1 . 1  Immed i a t e  e f fec t 

Underfeedi ng i n  early lac t a t ion reduced yield and a l t ered 

the c ompos i t ion of  mi lk.  Bryan t and Trigg ( 1 98 2 )  summa r i s ed 

several t r ials f rom Aus t ral i a  and New Zealand and concluded that  

on average a 38% res t r i c t i on o f  DM i n t ake resul ted in  a 24% 

reduc t i on in m i lk f at  yield . Th i s  can be express ed i n  

quan t i ta�ive te rms that  a decrease in  DM i n t ake 1 . 0  kg caused  a 

decrease in 39 grm m i lk fat . The e x t en t  o f  t h i s  decrease i s  

propor t ional t o  the dura t i on and seve r i ty  of under feed ing 

( B ryan t and Tr igg , 1979 ; Gra inger and Wi lhelms , 1 9 7 9 ) . I n  

add i t i on , t he res ponse to  change in level o f  feed ing i n  m i l k  

y i e l d  i s  greate r  a t  low levels of  feed i ng than at h igher levels , 

is  greater  in higher than in lower y i e l d ing cows and i s  lower i n  

mid - l a t e  lac tat ion  t han in early lac t a t i on ( Bros ter  e t  al . ,  1 9 8 1 ; 

Bros t er  and Bros te r , 1 984 ) . Of  in teres t i s  however tha t good 

feed ing af ter calving w i ll no t en t i re ly compensa t e  for poor 

feed i ng prior to  calving i f  the cows calve i n  low body cond i t i on 

score ( Bryan t , 1 980 ; Grainger e t  al . , 1982 ; Treacher e t  

al . , 1986 ) . Al though a pos i t i ve i n terac t i on be tween body 

cond i t i on at calving and f eed ing level in week 1 -5 for m i l k  and 

milk fat y i eld ( 20 weeks ) was observed by Grainger et a l . 

( 198 2 ) .  
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Imme d i a t e  e f f e c t s  o f  fee d i ng level on m i lk compos i t i on are 

smal l , however ,  cons i de ring tha t those summa r is ed by B ryan t and 

Trigg ( 19 8 2 )  are the resul t of abou t a 40% redu c t i o n  i n  DM 

i n t ake . These authors also concluded tha t unde rfeedi ng in early 

lac t a t i on had an unpred i c t able e f f ec t  on the concen t ra t i on o f  

fat , bu t generally reduced t h e  concen t rat i on o f  pro t e i n  and 

soli d-no t - fa t  in m i l k .  

2 . 2 . 1 . 2  Carryover e f fe c t  

The e f fect  

subsequen t milk 

( Bros t e r , 1 9 7 2 ; 

Bros t e r , 1 9 8 4 ) . 

of  under feed ing in early 

yi eld and compo s i t i on have 

Bryan t and Trigg , 1982 ; 

lac t a t i on on 

been revi ewed 

Bros ter  and 

Recen t wo rks in New Zealand , Bu t t on and Parker ( 19 7 3 ) , 

Bryan t and Tr igg ( 1 979 ) and Glassey � al . ( 1980 )  all  found no 

s igni f i can t res idual e f fect  on yi elds of underfeed ing in early 

lac t a t ion . However ,  from New Zealand and Aus t ral i an t r i als , 

Bryan t and Trigg ( 1 982 ) repo r t ed an average res i dual e f fec t 

whi ch was 0 . 5  t imes , or les s , the immmedia t e  e f f e c t  o f  

underfeed i ng i n  early lac t a t i on .  Compared wi t h  recen t works i n  

the UK and Scot land , no res i dual e f f e c t  ( Combellas and 

Hodgson , 1 9 7 9 ; Bla i r  et al . , 198 1 ; Baker e t  al . , 1982 ) , small and 

moder a t e  carryover e f fec t , up to 0 . 5-0 . 7  t imes the i mmed i a t e  

e f f e c t  ( �ood and Newcomb , 1 9 7 6 ; Johnson , 1 977 ; Le Du e t  

al . , 1 9 7 9 )  were obse rved . 
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These resul t s  con tras t ed t o  t he early i nforma t i on f rom New 

Zealand ( Vallace , 1957 ; Pa t chell , 1 957 ) and the UK ( Bros t e r , 197 2 )  

whi ch carryover e f f e c t  was three o r  more t i mes the i mmed i a t e  

e f fec t . The cont ras t ing resu l t s  may be a t t r ibu t ed t o  t he 

var i a t i on in  the dura t ion and seve r i ty o f  under feedi ng ,  gene t i c  

mer i t ,  cow cond i t i on and more impo r t an t  t he subsequen t level o f  

feeding . 

Da t a  on subs equen t e f fec t s  on mi lk compos i t i on have been 

shown to be inconclus ive . Flux and Pat chell ( 1 957 ) repor t ed a 

resi dual fall in milk fat concen t ra t i on following under feed i ng 

in  early lac t a t ion whereas Grainger and V i lhelms ( 1 9 7 9 ) d i d  not  

f ind t hi s ,  despi te  an apparen t e f fec t from curren t feeding . 

Bros t er  ( 1 9 7 2 )  summarised some early evi dence showing res i dual 

e f fec t  on pro t ein and lac t ose concen t rat i ons in  t he m i l k .  More 

re cen t works ( S teen and Gordon , 1980a , b ;  Glassey e t  al . , 1 9 8 0 )  

ind i ca t e  n o  res idual e f fec t o n  m i lk compos i t i on .  
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2 . 2 . 2  Effe c t s  o n  Livewe igh t  and / o r  Body  Cond i t i on Score . 

2 . 2 . 2 . 1 I mmedi a t e  e f fe c t  

Underfee d i ng in  early lac t a t i on generally reduced body 

we igh t  and cond i t ion s core (Bryan t and Trigg, 1 97 9 ; Grainger e t  

al . ,1982 ) .  An average o f  1 7 4  grm ext ra liveweight, wi t h  a range 

o f  27 -570 grm , was assoc i a t ed wi th  an ex t ra 1 kgDM i n t ake i n  

Aus t ralian and New Zealand t r i als summar i sed by Bryan t and T r i gg 

( 1 982 ) . The var iab i l i ty o f  res ponse may be a t t r ibu t ed t o  

d i f f e rences in  t h e  ex t ent  o f  par t i t i on ing o f  f eed be tween m i lk 

and body gai n .  Cows calving in low body cond i t i on, for  example , 

w i l l  use a grea ter propo r t i on o f  the f eed for  l i vewe i gh t gai n  

bu t a small propo r t ion for mi lk produc t ion than those  wi t h  

hi gher body cond i t i on at calving . Also as a cow approaches i t s  

po ten t ial m i l k  produc t i on there fore an increas ing propor t i on o f  

the ex t ra feed consumed w i l l  be pa r t i t i oned t owards l i veweigh t  

gain  and t hus more feed w i l l  be requ i red t o  produce an e x t ra 

m i lk produc t i on . 

I t  s hould also no te  that  a t  a g i ven level o f  i n t ake the 

great e r  the y i eld po t en t ial of the cow t he smaller the body gain 

and i n  conform i ty w i t h  t h i s, the grea t e r  the par t i t i o n  o f  

add i t i onal nu t r ie nts  to milk than t o  body by t he h igh y i elding 

cow ( Bros t e r  e t  al . ,1975 ) .  
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2 . 2 . 2 . 2  Carryover effect  

The previ ous less generous ly fed cows in  early lac t a t i o n  

gained more we igh t in mid  

be t t er fe d  cows (Bryan t 

�i lhelms , 19 7 9 ; S t ockdale e t  

lac t a t i on than d i d  t h e  p revi ously 

and T r i gg , 1 97 9 ; Grainger and 

al . , 1 9 8 1 ) .  Thi s  occurred wi t h  

equal d i e t s  in  m i d  lac t a t ion a s  wel l  as  w i th  res t r i c t ed gra z i ng . 

G rainger e t  al . ( 1982 ) reported  tha t i mproved feed ing i n  week 

1-5 o f  lac t a t ion conserved body t i ssues , bu t be t t e r  body 

cond i t i on at calving was assoc i a t ed wi t h  grea ter body loss  in  

t h i s  per i od . In weeks 6-20 on equal feed ing,  change i n  body 

cond i t i on score was inversely propo r t i onal to  feed ing level in 

weeks 1-5 and the cows in  be tter body condi t i on at calving 

con t i nued t o  lose more cond i t i on s cor e .  Bros ter  and Thomas 

( 1 98 1 )  revi ewed 46  t r ials and conc luded tha t the prev i ous less  

generously fed cows gained 0 . 15 kg/day more weigh t i n  mid  

lac t a t i on t han those we ll f ed  throughou t .  
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2 . 3  FACTORS CONTROLLING HERBAGE INTAKE BY  GRAZING DAIRY COVS . 

2 . 3 . 1  Volun tary Food Intake . 

Food i n t ake and i t s var i a t i on i s  one o f  t he maj o r  fac tors  

d e t ermin ing level and e f f i c i ency o f  an i mal  produ c t i on from 

pas ture ( B ines,1 9 7 9 ; Hodgson, 1 9 8 2 ; Leaver , 1 98 5 ) . The 

princ i ples of food in take con t rol whi ch have been s t ud ied  mainly 

under  indoor feed ing condi t i on are assumed to be a p p l i ed t o  

graz ing animals wi th  certain l i mi t a t i ons ( Arnold,1 9 70 ) , a l t hough 

food i n t ake by graz ing an imals w i l l  be affec t ed by many o t he r  

fac tors  by wh i ch s tall- fed animals are no t a f fec ted . 

Volun tary food i n t ake o f  ani mals i s  in fluenced by two ma i n  

fac tors , me t abol i c  fac tors - fac tors  wh i ch in fluence t h e  an i mal 

requi remen t s  for nut rients and i t s ab i l i ty to  me t abo l i s e  

absorbed nu t r i en t s , and phys i cal fac tors fac t o rs 

influence t he animal ' s  ab i l i ty to  cons ume the feed, 

accommoda t e  and 

( B aumgard t,19 7 0 ;  

regula t i on o f  

d iges t  i t  

Bines , 1 9 7 1 ) .  

food intake 

i n  

For 

i s  

the d iges t i ve 

graz ing an i mals 

d e t e rmined by 

whi ch 

t o  

t ra c t  

t h e  

the 

in ter-rela t i onsh i p  be tween these two fac t ors and behav ioural 

fac t ors  ( Hodgson, 1 9 7 7 ) .  
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2 . 3 . 1 . 1  M e t abo l i c  fac to rs . 

The con t ro l  o f  food in t ake can be cons idered as a 

component o f  the homeos t a t i c  regula t i on of ene rgy balance 

be tween the an i mal  and i ts env i ronment ( Baumgard t , 1970 ; B a i l e  

and Forbes , 1 974 ; Baile and McLaughl i n , 1987 ) .  In  general t he 

animal a t t emp t s  to  maintain  a cons tant  energy balance by 

changing food i n t ake in propo r t i on t o  i t s  energy requi remen t and 

i t s al tered phys i ologi cal and envi ronmen t al c i rcums t ances ( Ba i l e  

and Forbes , 1 9 74 ) . 

Phys io logi cal con t rol involve the po t en t ial feedback o f  

the end produc ts of  d iges t i on and me tabo l i sm t o  neural recep tors  

in  the bra i n . The recep tor s i tes  for  the feedback con t rol  

sys t em whi ch in form the brain abou t the nu t r i t i onal s t a t e  o f  the 

body apparen t ly origina te in t he gas t ro i n tes t inal t rac t ,  

hepa t i c-por t al sys tem , ad ipose t i ssue and/or peri pheral and 

cerebros p i nal fluid  ( Baumgard t , 1 9 7 0 ;  Fo rbes , 1980 ) . 

Vola t i le fa t ty acids rather t han glucose are the main 

products  of  energy diges t i on in  ruminan t s  and are poss ible 

componen t s  o f  food i n t ake regula t i on sys t em ( Ba i l e  and 

Mayer , 1970 ; Bines , 1971 ; Van Soes t , 1 982 ) . Propi ona t e  and 

ace t a t e  are recogni sed as pos s ible · feedback s ignals of s a t i e ty 

i n  ruminan t s  ( Ba i le and Mayer , 1 9 7 0 )  whereas bu tyrat e  i s  less  

impo r t an t . The  role  o f  lac t a t e  i s  cont rovers ial , probably 

depres s i ng the mo t i l i ty of the s t omach ( Forbes , 1980 ) . 
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I t  has been sugges t ed t ha t  the fall in rumen pH i s  

involved i n  the ces s a t ion o f  feed ing ( Kaufmann , 19 7 6 ) , a l t h ough , 

as for  t he free fa t ty acids ( Ba i l e  and Forbes , 1 974 ) i n  the s ho r t  

term , there is  l i t t le in forma t i on t o  show i f  they are a cause 

rather than an e f f e c t  of changes in feeding .  

2 . 3 . 1 . 2  Phys i cal fac t ors . 

Food i n t ake o f  ruminan t s  is  res t r i c t ed p r ima r i ly by rumen 

capaci ty s ince i t  is ev i den t tha t ruminan t s  fed bulky and 

f i brous feeds may s t o p  eat ing be fore they have consumed 

suff i c i en t  nu t r i e n t s  t o  obtain  the d i e t ary energy requ i red by 

the i r  gene t i c  po tent ial for produc t i on ( Camp l i ng , 197 0 ;  

B ine s , 1 97 1 ;  Meij s , 1 98 1 ) .  The phys i cal limi ta t ion i s  rela t ed t o  

the d i s t en t ion o f  the r e t i culorumen and ra t e  o f  d i sappearance o f  

d iges t a  from t h e  re t i cu lorumen . 

Dis t en t i on of  the r e t i culorumen 

Ruminan t s  fed a large propo r t ion of roughage consume to a 

cons tant  rumen f i l l  ( Campling , 1970) . The s i ze o f  t he rumen i s  

par t ly d e te rmined by the s i ze o f  abdomi nal cav i ty ,  wh i ch appears 

to  be limi ted in  the ex t en t  to whi ch i t  can s t re t ch 

( Bines , 1 97 1 ) . However , the rumen capaci ty can be a f f e c t ed by 

foe tal enlargemen t and fa t depos i t i o n  wi t h in the abdominal 

cav i ty wh i ch sugges t ed that reduced the extens i on of the  

re t i culorumen and  t h i s  is  assoc i a t ed w i t h  a reduced i n t ake by 

ani mals ( Forbes , 1980 ) . There are s t re t ch receptors in the rumen 
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wall b u t  t h e  exac t mechani s m  o f  t ransmis s ion  s t i l l  rema i ns 

unknown . The p robable mechan i s m  can be by d i s comfo r t , by 

s t imula t ion of the humoral in t ake regula t i ng fac t ors or by 

mechan i s m  of rumina t i on ( Van Soes t , 1982 ) . 

The phys i cal l imi tat i on o f  s pace i n  the gas t ro - i n t es t inal 

t rac t i mp l i es that volume rather  than mass is  o f  impo r t ance  

( Raymond , 1969 ; �ald o , 1 986 ) . Phys i cal con t rols are  p rimari ly 

rela t ed t o  the capaci ty o f  the d i ges t i ve  t ra c t  ( Freer , 19 8 1 ) , t o  

the f i bre con ten t  o f  the feeds and t o  t he r a t e  o f  degrad a t i o n  

and passage , therefore the indiges t i ble frac t ion o f  the  DM i s  

the maj o r  physi cal fac t or limi t ing i n t ake ( Chase , 1985 ) . 

In addi t i on phys i cal proper t i es o f  feed will i n f luence 

quan t i t i e s  ea ten at meals and pa t t e rns o f  ea t i ng . H i gher  

dens i ty grains , for  example , are  l i kely t o  be consumed i n  l arge 

amoun t s  in meals wi th  low frequency , whi le low dens i ty s t raw 

d i e t s  are l i kely to  be eaten in more f requent  meals of small 

amoun t s  ( Ba i le , 1975 ) . 

However ,  the role of  gu t f i l l as con t rol mechani sm o f  food 

i n t ake is s t i l l  con t rovers ial , and i t  has been as soc i a t ed w i t h  

the type o f  di e t . Some au thors ( B i nes and Davey , 1 9 7 0 )  repo r t ed 

a l i m i t a t i on to  food intake by gu t capa c i ty in  cows fed m i xed 

d i e t , whereas o t hers ( �aldo , 1 986 ) cons i dered that  herbage i n t ake 

is no t l i m i t ed by s mall or large i n t es t i nes . 
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Ra t e  o f  d i sappearance of d iges t a  

The ra t e  o f  d iges t a  pas s ing from the re t i culorumen depends 

on the chemi cal compos i t i on of  the feed , the rate a t  whi ch the 

feed is  b roken down phys i cally ( mas t i ca t i on and rumina t i on )  and 

chemi cally ( mi crobial and enzyma t i c  diges t i on ) , the capaci ty o f  

muscular con t ra c t i on o f  the gut and the s i z e  o f  the 

re t i culo-omasal ori f i ce ( Me i j s , 1 9 8 1 ; Ulya t t  et a l . , 1 985 ) . 

Re t en t i on o f  feed in the re t i culorumen allows s ubs t an t ial  

m i cr obial  fermen t a t ion to t ake place , wi t h  over 60%  o f  OM  

d iges t i on occurring in the re t i culorumen ( Ulya t t  � al . , 1985 ) . 

Re t en t i on t i me i s  influenced by a number o f  d i e tary fac t o rs such 

as t he amoun t o f  feed consumed , fo rage phys i cal  form , 

forage : grain ra t i os , f i bre con t ent  and phys i cal nature  of  the 

f i br e  ( Freer , 1 981 ; Shaver e t  al . , 1986 ) .  

from 

Fact ors wh i ch are involved in the movemen t of par t i cles 

re t i culorumen include s i ze o f  par t i cles , dens i ty o f  

par t i c les; ra t e  o f  par t i cle reduc t i on , cell wall con t e n t  o f  the 

feed , hyd ra t i on t i me ,  pH and osmo t i c  pres sure , s t reng th and 

frequency of rumi nal and abomasal con t rac t i on 

al . , 1 9 86 ) .  

( Shaver e t  
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Undiges ted mat e r i al can merely pass through the 

re t i culo-omasal o ri f i ce a f ter being reduced to  f i ne par t i cles 

( <2 . 0  mm) . The s i z e  o f  par t i cle i s  rela t i ve ly insens i t i ve t o  

changes i n  d iges t i b i l i t y ,  phys i cal 

type of  pas ture or l i vewe i gh t  o f  the 

form of the feed , i n t ake , 

an i mal . The amoun t o f  

ma t e r i al passed per con t rac t ion of  the re t i culum ra ther t han the 

par t i cle s i z e  has been sugges ted t o  be  probably more i mpo r t an t . 

2 . 3 . 1 . 3  Behav i oural fac t o rs . 

Dai ly herbage i n t ake ( I )  o f  a graz i ng animal can be  

i n fluenced by behav i oural fact ors . The amount  of dai ly herbage 

i n t ake by a graz ing animal is  det ermined by the t i me s pent 

gra z i ng per day ( GT ,  minu t es ) ,  the amoun t of  herbage consumed 

per b i t e  ( IB ,  gDM or gOM/b i t e )  and t he ra t e  of b i t ing per m i nu t e  

o f  graz ing t i me (RB ,  b i te/minu t e )  ( Allden and Vhi t t ake r , 1 9 7 0 ) . 

Thus : 

I = GT x RB x IB . 

The var i a t i on in IB  i s  usually greater  than var i a t i ons i n  e i ther 

RB or GT ( S tobbs , 1 9 7 3 ; Hodgson , 1 98 1 )  and appears t o  be the mos t 

sens i t i ve componen t t o  var i a t i ons in  sward condi t i ons ( bulk 

den s i ty ,  sward heigh t , leaf/s t em s t reng t h , sward s t ruc ture ) . 

S i nce any compensa t ing changes in  RB or  GT are  usually l i mi ted , 

IB  i s  l i kely t o  be a maj o r  determinan t of  dai ly herbage i n take 

( Leaver , 1985 , Hodgson , 1 98 5 ) . 
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The GT fo r  a cow rarely exceeds 10  1 2  hou r s / d ay 

( Leaver , 1 9 85 ;  Poppi e t  al . , 1987 ) ,  otherwise graz ing would 

interfere with ruminati on t i me and other behavi oural 

requi rements . In the short term , the rate o f  herbage intake per 

minute o f  graz ing t i me ( RB x I B )  falls stead i ly with increas ing 

proximi ty o f  the grazed hor i z on to the ground level 

( Hodgson , 1 9 7 7 ) . 

The e f fec t o f  supplemen tat i on has been repo r t ed t o  reduce 

GT between 9-38 minu tes /kgDM for graz ing cows supplemen t ed wi t h  

concen t rates ( Sarke r and Holmes , 1 974 ; Journe t and 

Demarqui lly , 1 9 7 9 ; Arriga-Jordan and Holmes , 198 6 ) , s i lage 

( Ph i l l i ps and Leaver , 1985 b ) , or hay ( Ph i l l i ps and Leaver , 1 985a ) . 

2 . 3 . 2  Pasture Fac tors . 

2 . 3 . 2 . 1  Herbage mass . 

Herbage mass is  impo r t an t  for 

because it  effec t i vely con t rols 

con t inuously grazed stock 

t he quan t i ty of he rbage 

ava i l able for graz ing each day whereas he rbage allowance i s  mo re 

i mportan t for  rota t i onally grazed cows . 

Inc reas es in he rbage mass  per un it area have been reported 

to cause increases in dai ly herbage intake ( Hodgson , 1 97 5 ; 

Jamieson and Hodgson , 1979 ; S tockdale and King , 1983 ; Zoby and 

Holmes , 1 98 3 ; Fo rbes and Hodgson , 1985 , S tockdale , 1 985 ) , wh i le 

o ther s tud i es have repor ted decreases o r  no change ( Hodgson et 
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Hodgson , 1 9 7 7 ; M e i j s , 198 2 ) . 
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Bar tholomew e t  al . , 1 9 81 ;  

However ,  many examples have shown 

the rela t i onsh i p  be t ween herbage mas s  and herbage in t ake t o  be 

asymp t o t i c  ( Hodgson , 1 977 ; Combellas and Hodgson , 1 9 7 9 ; Hodgson 

and Jami eson , 1981 ; Meij s , 198 2 ) . Such relationship i nd i c a t e s  a 

cons tant  increase i n  i n t ake , i f  the respons e is  l i near , o r  a 

declining increme ntal  increas e , i f  the response is  curv i l inear , 

t o  a poi n t  the asymto t e  - beyond wh i ch there i s  no furt h e r  

i ncrease in i n t ake . Th i s  decl ine in  herbage intake , or  t o tal  

lack o f  any fur ther increase beyond the asym t o t e  i s  generally 

relat ed t o  the d e creas e in herbage qual i ty ( Me ij s , 1 98 1 ; 

S t ockdale , 1985 ) associated wi th  pas ture aging . 

However ,  a t  a gi ven level of  he rbage allowance , herbage 

i n t ake is unl i kely to be a f fec ted by the var i a t i on of he rbage 

mass offered to l a c t a t ing cows ( Holmes , 1 987 ) or dry cows ( Ho lmes 

et al . , 197 9 ) . Combe llas and Hodgson ( 19 7 9 )  wi th  lac t a t ing cows , 

confi rmed the early fi nd ing o f  Reardon ( 1 9 7 7 ) wi th s t eers t h a t  

herbage i n t ake w a s  no t affec ted by herbage mass wi t h i n  t h e  range 

o f  2 , 000-4 , 000 kgDM/ha bu t above t h i s  range i n take d e c l i ne d  

p rogress i vely . 
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2 . 3 . 2 . 2  Herbage allowance . 

For  ro t a t i onally grazed s t ock herbage allowance ( HA )  has 

been s hown t o  be an impor tan t d e t e rminan t o f  t he herbage i n t ake 

and consequen t ly of the animal perfo rmance of lac t a t i ng cows 

( Combel las and Hodgson , 1979 ; Le Du e t  al . , 1979 ; B ryan t , l 980 ; 

Glass ey e t  al . , 1980 ; King and S tockdale , 1 984 ; Mi t chell , 1 985 ; 

S t ockdale , 1 98 5 ) , or non-lac t a t i ng cows ( Holmes and 

McLenaghan , 1980 ; Ngarms ak , 198 2 ) . 

The rela t i onshi p be tween HA and herbage i n t ake , and 

be tween HA and animal performance have been sugges t ed to be 

asymp t o t i c  ( Combellas and Hodgson , 1 9 7 9 ; B ryan t , 1980 ) . Herbage 

OM i n t ake approaches maximum at an allowance 4 t i me s  grea t e r  

than t he amoun t actually cons umed ( Hodgson , 197 6 ) , bu t only 

s t a r t s  t o  decl ine markedly when HA i s  less t han twi ce i n t ake for 

lac t a t i ng cows ( Le Du � al . , 1 9 7 9 ) . In con t ras t to  the  former , 

Combellas and Hodgson ( 19 7 9 )  repo r t ed tha t  he rbage i n t ake o f  

gra z i ng cows was near maximal when graz i ng e f f i c i ency , d e f i ned 

as herbage i n t ake expressed as a propor t i on of  the herbage 

allowance , was 50% or less . 

Ass o c i a t ed w i th  inc rease in  HA i s  an i ncrease i n  res i dual 

herbage mas s ( RHM ) , and HA or  RHM can be used to i nd i ca t e  

herbage i n t ake ( Le Du e t  al . , 1 9 7 9 ; Ho lmes , 1 987 ) .  The e f f e c t  o f  

H A  can be a f fe c ted by pas ture s pe c i es ( S t o ckdale , l 985 ) , herbage 

mass ( Combellas and Hodgson , l 9 7 9 ) , season ( Holmes , l9 8 7 ) and 

qual i ty  ( Hoogendoorn , 1987 ) .  To avoi d  par t  of tha t var i ab i l i ty 
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B u t l e r  e t  al . ( 1 987 ) s ugges t ed t ha t  HA should b e  expressed i n  

t erms o f  green leaf allowance . 

2 . 3 . 2 . 3  Herbage d iges t i b i l i ty .  

As a general p r i n c i ple , diges t ib i l i ty i s  a s a t i s fa c to ry 

way o f  exami n ing nut r i t i ve value and i ts i n fluence on t he amoun t 

o f  food i n t ake by an an i mal ( Hodgson , 1 9 7 7 ) .  I t  w i l l  be 

d e t ermined by the pas t ure  s pe c ies presen t , s tage o f  grow t h  and 

managemen t i mposed upon i t  ( Baker , 197 6 ) . Fac t ors a f fect i ng the 

d i ges t ib i l i ty have been revi ewed in d e t a i l  by many au t hors 

( Raymond , 1 969 ; Re id  et  al . , 1 980 ; Minson , 1982 ) . 

Diges t i b i l i ty i s  a maj or  det erminan t o f  pas t ure  qual i ty .  

Consequen t ly i t  can a f fe c t  animal performance ( Ho lmes , 1 987 ) .  

Hodgson ( 19 7 7 )  showed a li near and cons tant  r a t e  o f  i ncrease i n  

herbage i n t ake over a range of  d i ges t ib i l i t i e s  u p  t o  OM 

d i ges t i bi l i t i es of 80-83% for graz ing animals . However , i n  mos t  

exp e r i men t s  quo t ed by Hodgson ( 19 7 7 ) , d iges t i b i l i ty was 

confounded by changes in  s eason and t i me of year , and also  by 

t he  phys i o logi cal s ta t e  o f  the cow . The rela t i onsh i p  i s  

there fore i mpreci s e and i t  i s  no t a good pred i c tor . The 

d i f fe rences in an imal response are relat ed to the d i f ferences i n  

t h e  s i te o f  d iges t ion o f  the pro t e i n  and organ i c  ma t ter  

( Po pp i , 198 3 ) . I t  seems tha t the e f f e c t  of  d i ges t i b i l i ty on  

herbage i n t ake i s  rela t ed t o  rate  o f  passage of  feed through the 

d i ges t ive t rac t . 
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2 . 3 . 3  Animal Fac to rs . 

2 . 3 . 3 . 1 S i ze , l i veweigh t , body cond i t i on , age and geno type . 

The s i z e  o f  the ani mal i s  cri t i cal  i n  de t e r m i n i ng the 

vo lume o f  the abdominal cav i ty wh i ch i s  rela t ed t o  rumen 

capaci ty ( B i nes , 1 97 9 ;  Meij s , 1981 ) .  In add i t ion , the s i z e and 

l ivewei gh t  of  graz ing ani mals are highly correlat ed . Vo lun tary 

i n t ake is therefore pos i t i vely rela t ed t o  liveweigh t . However , 

f or  adu l t  an imals livewe i gh t could be an impre c i s e  s caler  wi t h  

res pec t t o  body s i z e because o f  gut f i l l  o r  f a t  con t en t a l t hough 

i t  i s  generally reported that  the heavi e r  an imal e a t s  more 

( B i nes , 19 7 6 , 1 979 ; Meij s , 198 1 ) . 

The relat i onship  be tween feed i n t ake and livewei gh t  may be  

a f f e c t ed by the con found ing e f fec t o f  the frame s i z e  and body 

cond i t ion . For example , at any gi ven s i ze for an i mals the 

fa t t e r  t hey are the heav i e r  they are , there fore , i n t ake i s  o f t en 

i nversely correla ted wi th body we igh t  ( Forbes , 1986 ) . I t  i s  also  

evident  that , a t  a comparable li vewei gh t , thin  cow at  calving 

a t e  more than fat cows . 

The age of  the cow i n fluences i t s  feed i n take i n  add i t i on 

t o  any consequent e f f e c t  o f  age on body weigh t . Feed i n t ake 

i n c reases as ani mal grows , bu t no t i n  d i re c t  propor t i on t o  

l iv ewei gh t ( Forbes , 1986 ) . 
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The varia t i o n  i n  f eed in t ake assoc i a t ed w i th geno type can 

be explained by d i f f erences in body we i gh t  and in level of m i lk 

produc t ion ( Owen , 1 988 ) .  For graz i ng cows , h i gh breeding index 

( HBI ) cows ate more feed ( 6-20% )  duri ng par t of lac t a t i on t han 

d i d  low b reed ing i ndex ( LBI ) cows ( Holmes and McM i llan , 1 9 8 2 ) .  

O f  i n t eres t i s  t o  no te  tha t  F r i es i ans HBI were ligh t e r  t han LBI 

bu t a t e  more feed per cow or per kg0 · 7 5  whereas Jerseys HBI were 

heavi er t han LBI bu t ate more feed per cow or  per kg0 · 7 5  ( Holmes 

et a l . , 1985 ; B ryan t , l 98 5 ) . 

2 . 3 . 3 . 2  E f f e c t  o f  p regnancy . 

Dur i ng pregnancy t he volume and nut r i en t  demand o f  the 

concep tus progres s i ve ly increase and the dam ' s  endocrine s ta tu s  

changes ( Fo rbes , 1 9 70 , 19 7 1 ) . Increases i n  i n t ake i n  early and 

mid pregnancy ( Forbes , 1 9 7 1 ; B i nes , 197 1 , 1 97 6 )  m igh t be  caused by 

increases in me t abol i c  rate , by the grow t h  of the hei fer , by a 

pos s i ble increase in  the ra t e  o f  pas sage o f  t he feed , by the 

energy requi remen t of  the developing foetus  or by elevat e d  

proge s t e rone levels i n  the blood . 



34 

I t  i s  generally accep t ed tha t the in t ake falls as 

par t ur i t i on approaches regardless of t he type o f  d i e t  

( Forbes , 1 9 7 1 ; Journe t and Remond , 19 7 6 ; Meij s ,  198 1 ) . A decl i ne 

o f  0 . 2  kgDM/week during the las t 6 weeks o f  p regnancy was found 

by Journe t and Remand ( 1 97 6 ) . The decline in  i n t ake a t  t h i s  

s tage was probably due t o  a redu c t i on in  volume o f  t he abdominal 

cavi ty caused by phys i cal compres s i on o f  the u t e rus on the rumen 

( Ba i le and Fo rbes , 1 974 ; Bines , 1 9 7 9 ) , and/or  abdominal f a t  and 

endrocrine changes ( Forbes , 197 1 ) . 

2 . 3 . 3 . 3  E f f e c t of  lac t a t i on 

Many repor t s  have shown that  lac t a t ing cows a t e  more t han 

non- la c t a t i ng COWS (Hut ton , 1963 ; Leaver et al . , 1 9 68 ; 

Bines , 1 9 7 6 ; Hodgson , 197 7 ) , regardless of  type o f  d i e t . On 

average lac t a t ing cows consumed 42% more than non-lac t a t i ng c ows 

of the same liveweigh t  ( ARC , 1980 ) , al t hough the e f f e c t  o f  

pregnancy was probably confounded in  some repor t s .  I t  has been 

sugges t ed tha t  the apparen t grea ter  i n t ake was probably due to 

hype r t rophy of the alimen tary t ra c t  ( Leaver , 1985 ) or to ho rmonal 

d i f ferences ( Freer , 1 98 1 ) . 

Mos t s t ud ies o f  the feed i n t ake in  lac t a t i ng ani mals have 

shown t ha t  t here was a pos i t i ve rela t i onsh i p  be tween the level 

o f  mi lk p roduc t i on and feed i n t ake ( Bines e t  al . , 1 9 7 7 ; 

ARC , 1 980 ; MAFF , 1984 ) . Feed i n t ake and m i lk produc t ion show a 

d i f ferent  pa t tern o f  vari a t i on over t he lac t a t i on . M i lk 

produc t i on r i ses rapidly i mmed i a t ely a f t e r  par t ur i t ion  and 
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usually reaches a peak be tween days 35-50 , and thereaf t e r  

declines s t eadi ly whereas food i n t ake increases t o  reach a peak 

at an average o f  1 6  weeks a f t e r  par t u r i t i on ( B i nes , 19 7 6 , 1 9 79 ) , 

developing a lag of  energy intake balance whose  reasons a r e  

i ncomple tely es t abl i shed ( Me ij s , 1 98 1 ) . I t  has been sugges t ed 

that  the fac to rs are o f  phys i cal o r i g i n  ( B i nes , 1976 ) , abdomi nal  

f a t  ( Journe t and Remond , 197 6 ) , delay of  hypert rophy o f  gu t wal l , 

l i ver ( B ines , 1 97 9 ) , ali men tary trac t o r  endocrinolog i cal  fac t o rs 

( Me ij s , 198 1 ) . 

Taking the whole lac t a t i on pe r i od , however , feed in take i s  

l i kely t o  show a pos i t ive rela t i ons h i p  t o  lactat ion m i lk y i e l d , 

a l t hough o ther  

( Owen , 1988 ) .  

compl icat ing e f fe c t s  may cloud this  rela t i ons h i p  

Over a lac tat ion , mul t i ple regress i on s tud i es 

ind i ca t e  tha t when o t her fac tors are taken into  accoun t , f o r  

each increase o f  1 kg in  lac t a t i on y i e ld the dry ma t t er i n t ake 

of the cow increased by 0 . 5  kg ( ARC , 1980 ) . 

2 . 3 . 4  Effec t o f  Supplemen tary Feed i ng 

In gene ral , t he f eed ing o f  supplemen t s  causes decreases i n  

the quan t i ty o f  herbage ea ten , due t o  the s o-called subs t i tu t i on 

o f  one feed t o  the o ther .  These e f fe c t s  have been d i scussed i n  

d e t a i l  in  2 . 1 . 1 .  
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2 . 4  OBJECTIVES O F  THE STUDY 

Supplemen t ary feeds commonly fed on d a i ry farms in  New 

Zealand are hay and s i lage . An i ma l  response f rom such feeds i s  

generally low because the supplemen t s  are o f  low qual i ty .  A 

wide var i e ty o f  grai ns and balanced concen t ra t es have been used 

in  many experimen t s  overseas t o  inves t i gat e  the feas i b l e  

economic  res pons e ,  par t i cularly in  t h e  long terms . Al t hough 

animal response in the short  term has o f t en been shown to be 

uneconomi c ,  when carryover response is t aken i n t o  accoun t , 

concen t ra t e  supplemen t may be j us t i f ied . 

The presen t s t udy was carried ou t t o  assess the e f f e c t  o f  

concen trate  supp lemen tat ion in early lac t a t i on for  spri ng 

calv ing cows on herbage consump t i on , res i dual herbage mas s , 

t o t a l  i n t ake o f  DM and ME , m i lk produ c t i on and compos i t i on , and 

liveweigh t and body cond i t i on s core change . 
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3 MATERIALS AND METHODS . 

The experimen t was conducted  a t  Massey Univers i ty ' s  Dai ry 

Research Un i t ,  Palmers ton Nor t h ,  New Zealand , for  14  weeks 

d u r i ng S e p tember-December 1987 . 

The uni t is  a s easonal supply farm o f  48  ha , d i v i ded i n t o  

60  paddocks each o f  approxima tely 0 . 8  ha . The s o i l  type i s  a 

Tokomaru s i l t  loam , cons i s t ing o f  a 15-30 cm layer o f  heavy s i l t  

ove r lying a mo t tled clay loam . All paddocks have been drained 

w i t h  t i les and moles and are topdressed annually wi t h  350 kg 

p o t a s s i c  superphospha t e  and 50-100 kg urea per hec t are . The 

surplus grass during the year is conserved as s i lage ( early 

c onserva t i on)  o r  hay ( la t e  cons erva t i on ) . 

The common abbrev i a t i ons used in t h i s  thes i s  are g i ven in  

Table . 3 . 1 .  
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Table 3 . 1 . Common Abbreviat i ons 

LW 

CS 

HA 

HM 

RHM 

DMI 

I B  

RB 

GT 

OM 

DMD 

OMD 

DOMD 

GE 

DE 

ME 

MEI 

SEM 

Li vewe igh t 

Body cond i t i on s core 

Dai ly herbage allowance 

Herbage mass 

Res idual herbage mass 

Dry ma t t e r  i n t ake 

Int ake per b i t e  

Ra t e  o f  b i t i ng 

Grazing t ime 

Dry ma t t er  

Dry ma t t er  d i ges t i bi l i ty 

Organi c  ma t ter  diges t i b i l i ty 

Diges t i ble organic  mat ter  in the d ry ma t t er  

Gross ene rgy 

Diges t i b le ene rgy 

Metabol i sable energy 

Me tabol i s able ene rgy i n t ake 

Standard error of means 
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3 . 1  PRE-EXPERIMENTAL CONDITIONS . 

3 . 1 . 1  Cl i ma tolog i cal Da ta 

C l i ma t olog i cal data duri ng t he exper i men t are  g i ven in  

Table 3 . 2 .  

Table 3 . 2 . Cl ima to logi cal data t hroughou t the experi men t 

- ----------------------------------- ---- - - - -- - ----- - - - ---- - - -- -

Mon t h  Ra i n fall Air  t emp . ( C )  R . H .  Sunshine 

( mm/mon th)  Max . Min . ( % )  ( hr s / 2 4  hrs ) 

- - -------------------------------------------------------------

Se p t embe r 67 . 1  15 . 2  7 . 1  79 

( 7 9 . 2 ) ( 14 .  9 )  ( 7 .  0 )  ( 79 )  

O c t ober 93 . 1  1 7 . 4  8 . 6  72 

( 80 . 2 ) ( 16 .  5 )  ( 8 . 4 )  ( 76 )  

November 62 . 3  19 . 6  11 . 3  74 

( 70 .  8 )  ( 1 8 .  7 )  ( 10 . 0 ) ( 74 )  

December 95 . 8  2 1 . 0  12 . 6  76 

( 100 . 5 ) ( 20 . 8 )  ( 1 1 .  9 )  ( 7 3 )  

( )  average 30 years data u p  t o  the recen t year . 

Source - G rassland Divis ion . DSIR . Palme rs t on Nor t h . 

4 . 1  

( 4 . 2 )  

5 . 1  

( 5 . 0 )  

6 . 6  

( 5 . 7 )  

4 . 8  

( 6 . 2 ) 
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3 . 1 . 2  Animals and Trea t men t s . 

The experiment compri s ed two groups of dai ry cows , one 

group being fed pas ture only ( PF )  and the o ther group b e i ng 

supplemen ted wi th  concentrates  ( CF ) . 15  pai rs o f  monozygous 

( i den t i cal ) twins were used and each twin allo t t ed t o  t he two 

t reatmen t s , PF and CF . De tails  of  the COWS used in 

exper i men t are g i ven in  Table 3 . 3 .  

Table . 3 . 3 . Da t a  for the cows a t  the s tar t o f  the experi men t . 

Mean values for : -

Calv ing d ate  

Days in lac t a t i on 

M i lk yi eld ( kg/cow/day ) 

Fat  yi eld ( kg/ cow/ day )  

Pro t e i n  yi eld ( kg/ cow/day ) 

Lac tose y ie l d  ( kg/ cow/day ) 

Fat  concen t r a t i on (% )  

Pro t e i n  concen t r a t ion ( % )  

Lac tose  concen t ra t ion ( % )  

Livewei gh t  ( kg )  

Cond i t i on Score ( uni ts ) 

Data shown were means±SE . 

PF 

1 9 / 8 / 8 7  

2 7 ± 2  

1 7 . 3 ± 1 . 6  

0 . 8 2 ±0 . 05 

0 . 65±0 . 05 

0 . 8 7 ±0 . 08 

5 . 0± 0 . 2  

3 . 9±0 . 1  

5 . 1±0 . 05 

359±1 5  

4 . 9±0 . 2  

CF 

24/8/87  

22±3  

1 5 . 2 ± 1 . 2  

o .  7 5±0 . 04 

0 . 59±0 . 04 

0 . 7 6±0 . 06 

5 . 1 ±0 . 3  

3 . 9 ±0 . 2  

5 . 0±0 . 05 

347± 1 6  

4 . 3±0 . 2  

t he 
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3 . 1 . 3  Ani mal , Sward and Feed Managemen t s . 

The exper i men tal descri p t ion i s  s umma r ised i n  Table . 3 . 4 .  

Table . 3 . 4 . Summary o f  expe rimen t al desc r i p t i on .  

Before  the s t a r t  -All cows grazed toge ther wi th mai n  herd , a t  

o f  the  expe r i men t generous herbage allowance . 

Day 0-29 

( Day 0 = 14/9/8 7 ) 

Day 30-43 

( The Expe rimental 

Per i od I )  

Day 44-68 

Day 69-78  

( The Expe rimen tal 

Peri od I I )  

Day 7 9 -92  

Day 9 2  onwards 

-All cows grazed as a group on pas t u r e  

res t r i c ted t o  approximately 20 kgDM/ cow/day 

HA . Concen t ra t es were given to CF cows . 

-Experimemtal cows grazed in two sepa r a t e  

groups , a t  approx i ma t ely 20 kgDM/ cow/day HA . 

Concen t ra t es were g i ven t o  CF cows . 

-Experimen tal cows returned t o  graze w i t h  

main herd a t  generous allowance .  

Concen t ra t es were gi ven to  CF cows . 

-Experimen tal cows grazed in  two s epara t e  

groups , a t  ap prox . 25 kgDM herbage allowance . 

Concen t ra t es were g i ven t o  CF cows . 

-Expe rimen tal cows returned t o  graze w i t h  

main herd a t  generous allowance .  

Concen t rates  were g iven t o  CF cows un t i l  d ay 

92 then concen t ra t e  feeding was ceased . 

-Cow per formance was recorded for  further  6 

weeks . 



4 2  

B e f ore t h e  s tart  o f  t h e  expe r i men t , the cows were 

generous ly fed wi t h  the main  herd by day and nigh t paddocks . 

They were t hen fed as a group on pas ture res t r i c t e d  t o  

approx i ma t e ly 2 0  kgDM/ cow HA . A t  the s ame t ime the CF cows were 

gradually i n troduced 

t he allo t t ed rat i ons 

( Experimen tal Per i od 

PF groups a t  an 

to concen t ra t es , and allowed to adj u s t t o  

for 29  days . For the nex t 1 4  days 

I )  the cows were separat ely fed as  CF and 

imposed al lowance ( approx i m a tely 20 

kgDM/ cow/day ) and data were collec t ed t o  determine ani mal  

res ponse d ue  t o  t rea tments . Following the Experimen t al P e r i od 

I ,  all c ows were generously fed wi t h  the  main  herd f o r  a f u r t her  

25 days . The t r i al was then repea t ed for  a fur ther 10  days , but  

a t  an allowance of  approxima t e ly 2 5  kgDM/ cow/day ( Expe r i men t al 

Per i od I I ) . The data on an imal performance was colle c t ed f o r  

fur t her 6 weeks following t h e  cess a t i on o f  concent ra t e  feed i ng 

t o  dete rmine the res idual e f f ec t .  

Dur i ng the two Exper imen tal Peri ods , each group o f  cows 

was given a fresh s t rip  of pas ture once dai ly , af ter  the morn i ng 

mi lking . Each paddock used was longi tudi nally divided  i n t o  t wo 

equal areas , one for  each t reatment  g roup . These areas were 

fur ther  subd i v ided into 4 t o  6 breaks depend i ng on s i ze  o f  

paddocks and es t ima t ed herbage mass . Each break was occupied  by 

e i ther the  PF or CF groups daily , and b ack-grazing was preven t ed 

by means o f  an elec t r i c  fence . 
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The concen t r a t e  supplement  was o f fered daily in communal 

t roughs , i mme d i a t ely after  each mi lki ng . The cows wer e  allowed 

ac cess to concen t rate  for approx i ma tely 1 hr before t hey 

re turned to pas ture . The quan t i t i e s  offered and lef t  une a t en 

were weighed a t  every feed ing period , so that  the quan t i t i es 

consumed could be calculat ed . 

3 . 1 . 4  Pas tures and Concen t ra t es . 

The pas t ures used during the experimen t comp r i sed mai nly 

perenni a l  ryegrass ( Lolium pe renne ) and wh i t e clover ( Tr i f o l i um 

repens ) wi t h  a small propo r t i on of  cocks foo t ( Dac tyl is  

glomera t a ) ,  phalar is  ( Phalar is  tuberos a )  and pra i r i e  grass 

( B romus ca t ha r t i cus ) .  

The area used to  conduc t  the experimen t was 4 . 6 ha d i v ided 

i n t o  5 paddocks . 

The ini t ial concen t rate  fed t o  the CF cows comp r is ed 

mainly mai z e , whea t and oa t s , bu t cons ump t i on was low . 

Therefore i t  was necessary t o  change t he concen t ra t e  t o  a 

m ix ture o f  commercial meal ( Harvey ' s farm dai ry meal ) and ground 

o a t s  in a r a t i o  of approxima tely 2 : 1 ,  wh i ch resul ted  in 

s a t i s fac t o ry consump t i on . Ground o a t s  was used in the  m i x ture 

as  par t o f  ano ther experimen t whi ch was s tudying the flavour of  

m i lk .  
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3 . 2  MEASUREMENTS . 

3 . 2 . 1 Feed Measuremen t s . 

The pas ture was cut before and a f t e r  gra z i ng on 1 0  

occas i ons during t h e  whol e  exp e r i men t . The techn i que ado p t ed 

( �al ters  and Evans , 19 7 9 )  on each occas i on i nvolved cu t t ing 1 0  

quadra t s  ( 0 . 1 8 75  m ' each ) t o  ground lev e l  for  each t re a t men t . A 

sheep shea r i ng hand pi ece powered by a mob i le pet rol  mo t o r  was 

used to c u t  the herbage samples . Th i s  opera t i on was always made 

by the s ame operator , to  min i mi s e  the var i ab i li ty asso c i a t ed 

wi th  the te chnique ( Thomson , 1986 ) .  

A f t e r  cu t t ing , the samp les were washed to  remove s o i l 

con t amina t ion and d r i ed at  70-80 o C for 3 6  hrs for d ry ma t t e r  

det ermina t i on . A subsample bulked from each pre-grazing c u t t i ng 

a t  each p e r i od was coll e cted for chemi cal analys i s . 

The concen tra t e  samp les were t aken from two consecu t i v e  

days weekly ( two s amples each day ) .  The s amples from each two 

weeks from the s t ar t of  the expe r i ment  to  the end o f  the 

experimen t were bulked and were then subsampled for gro s s  ene rgy 

and chemi cal analyse s . 
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Samples o f  concen t ra tes and d r i ed herbage were ground 

t hrough a 1-mm s c reen and were then subj e c t ed to analyses for : 

a )  Gross energy concen t ra t i on - kJ/ kg 

Calor ime t er Bomb ) , 

( Ad i aba t i c  

b )  Total  n i t rogen concen t ra t i on - g/kg - ( Kj eldahl ) ,  

c )  Ash concen t ra t ion - glkg - ( 500° CI24 hours ) , 

d )  In  v i tro  d iges t i bi l i ty ( Roughan and Holland , 1 97 7 ) .  

Calculat ion o f  crude pro tein  was made by us i ng the 

commonly-accep ted equa t i on tha t : 

CP = 6 . 25N 

where 

CP Crude pro t e i n  ( % )  

N N concen trat ion in the dry ma t t er  ( % ) . 

Calcula t i on o f  me taboli sable energy was made by us i ng the 

assump t ion o f  MAFF ( 19 7 5 )  that : 

MID = 0 . 1 6DOMD 

where 

MID  ME  concen t rat ion in the dry ma t ter . 

DOMD Diges t i ble o rgan i c  ma t t er in the d ry ma t ter f rom 

in  vi t ro analyses . 

For the supplemen ted d i e t s , i t  was assumed that  there was 

no i n t erac t i on be t ween the two feeds . 
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3 . 2 . 2  Ani mal Measuremen t s .  

Dai ly herbage allowance , pre-gra z i ng herbage mas s , 

r e s idual herbage mass and degree o f  defol i a t i on were used as 

d e fined by Hodgson ( 1 979 ) . The dai ly me t aboli s able ene rgy 

al lowance was defined as the total  ME o f fered in the d i e t  t o  the 

cows , expressed as MJME / cow/day . 

3 . 2 . 2 . 1  I n t ake 

The average amoun t of pas ture consumed by each cow of each 

group was es t ima t ed as the d i f ference be tween the pre-gra z i ng 

herbage mass and the res i dual he rbage mass , mul t i p l i ed by the 

area alloca t ed dai ly and d i v i ded by the number of  cows gra z i ng 

dur i ng tha t t i me .  I t  was expressed as kgDM/cow/day for  d ry 

ma t t er  and MJME/cow/day for me tabo l i sable energy . Subs t i t u t i on 

r a t e  was d e f i ned as the change ( un i t s )  i n  i n t ake o f  pas ture when 

t he  animal consumed one un i t  of concen t ra t e . I t  was expressed 

i n  dry ma t t er ( kgDM ) o r  me taboli sable ene rgy ( MJME ) . 

3 . 2 . 2 . 2  Livewe igh t  

Cows were weighed o n  two consecu t ive days i mmed i a tely 

p r i o r  to  t he s t art  o f  the expe r i men t . Subsequen t ly ,  t hey were 

wei ghed for t n igh tly a f ter morni ng mi lking throughout  t he 

experi men t .  The l i vewe ight change was d e f i ned as the  d i f fe rence 

in l i vewei gh t  be tween the s t ar t and the end of the expe r i men t .  
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3 . 2 . 2 . 3  Bo d y  cond i t i on 

Body cond i t ion score for each cow was assessed a t  the  s ame  

t i me as  the  l iveweigh t .  The score  sys t em used  was tha t repo r ted  

by  Sco t t  e t  a l . ( 1 980) , wi t h  a range o f  1- 1 0 .  The s cores o f  

the two conse cu t ive days were averaged a t  the s ta r t  o f  the  

experimen t .  

3 . 2 . 2 . 4  M i lk produc t i on and compos i t i on 

Througho ut  the experiment , o f  14 weeks , individual morn i ng 

and evening m i lk yields were recorded on two consecu t ive  days 

each week . However , during Per i ods I and I I , o f  14 and 10 days 

respec t i vely , indivi dual morn ing and evening m i lk y i elds  we re  

recorded o n  9 and 8 days respec t ively . Aliquot  mi lk samples 

were t aken at t h i s  t i me for analy s i s  of  milk compos i t i ons u s i ng 

M i lkos can 140 A/B ( Foss elec t r i c ,  Denmark) . 
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3 . 3  STATISTICAL ANALYSI S .  

All data  were analysed us i ng t he S t a t i s t i c  Analys i s  Sys tem 

( SAS ) compu t i ng package ( SAS Ins t i tu t e ,  1 985 ) . 

Sward ( HM ,  RHM , HA ) ,  i n t ake ( DMI , MEI , subs t i t u t i on ra t e  

o f  t h e  DM and ME ) and l i vewe igh t and body cond i t ion change d a t a  

w e r e  analysed us ing analys i s  o f  variance ( S t eel and Torr i e , 

1 986 ) . 

The model used t o  define the above d a t a  were : 

where 

yi j = the observa t i on on the j t h i nd i v i dual exposed to the 

i t h  t rea tmen t .  i = l , 2 ;  j = l , 2 ,  . . .  , 1 5 .  

� the unknown popula t i on mean . 

a .  the e f f e c t  o f  the i t h t rea tmen t .  
1 

€ . . the random e rror asso c i a ted w i t h  the j t h i nd i v i dual 
1 J 

exposed t o  the i t h t rea tmen t . I t  i s  assumed t ha t € . . 
1 J 

i s  normally d i s t r i bu t ed wi t h  mean 0 and var i ance a ' . 
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Yi e lds of  mi lk ,  milk fat , pro t e in and lac tose , and m i lk 

c ompos i t i ons were  analysed us ing the repea ted measuremen t 

analys i s  o f  covar i ance ( Finn , 1 9 7 4 )  as the following model . 

where 

Y - the o bse rva t i on on the J· t h  i nd i v i dual measured i n  p i  j -

the pt h  week and belonging t o  the  i t h  t rea tmen t .  

i = 1 , 2 .  j = 1 , 2 ,  . . .  , 15 .  p= 1 , 2 .  

�P the overall mean t oge ther w i t h  the e f f e c t  of t he 

pt h  week . 

� .  the  e f f e c t  o f  i t h  t reatmen t in  the p t h  week . 1 p  

13p regress i on coe f f i c ient  

week . 

O f  Y On X l' n the pt h  
i j i j 

x . . the ini t ial  observa t i on on the j t h  ind i v i dual in  
1 J 

the i t h  t rea tmen t . 

£ . . random residual e f fec t s ,  whi ch are as sumed t o  be  p 1 J  
iden t i cally and independen t ly d i s t r i bu t ed wi t h i n  

the pt h  week , bu t there b e i ng covari ance across  

weeks . 
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L iveweight  and body cond i t ion s co r e  were analysed u s i ng 

the analys i s  o f  covari ance ( S teel and Torr i e ,  1 986 ) as t h e  

following model . 

where 

y i j = t he observa t ion on the j t h  i nd ivi dual exposed t o  the  

i t h t reatmen t . i = 1 , 2 .  j = 1 , 2 ,  . . .  , 15 .  

j..l 

a .  
1 

the unknown populat ion mean . 

the effect  o f  the i t h  t re a t men t . 

regress i on coe f f i c i en t  assoc i a t ed wi th  x . .  
1 J 

x .  . pre-experimen tal performance o f  the j t h cow exposed 1 J 

t o  t he i t h  t reamen t .  

Ei j the random error assoc i a t ed w i th  the j t h ind i v i dual 

exposed to the i t h  t re a t men t .  It  is  assumed t h a t  

E . . i s  normally 1 J 

var i ance cr2 • 

d i s t ri b u t ed wi th mean 0 and 

The fo llowing symbols w i l l  be used t hroughou t t h i s  thes i s  

t o  det ermine the level o f  s ign i f i cance  o f  d i f ferences b e t ween 

means . 

*** Sign i f i can t di fference a t  the  probab i l i ty < 0 . 00 1  

** Sign i f i can t di fference a t  the  probabi l i ty < 0 . 0 1 

* Sign i f i can t d i f ference a t  t h e  probab i l i ty  < 0 . 05 

NS No t s i gni f i can t d i f ference . 
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4 RESULTS 

4 . 1  CHEMICAL ANALYSIS AND GROSS ENERGY DETERMINATION OF THE 

FEEDS . 

The Gross energy and chemi cal analys i s  o f  the feeds ( ± SEM ) 

used in  the exper i men t are g i ven in Table 4 . 1 .  and shows the  

d iges t i b i l i ty and energy level o f  the  concen t ra t e  t o  be  

no t i ceably h igher than the herbage . D i ges t i bi l i ty o f  the  

herbage in Peri od I also appeared t o  be higher t han in  P e r i o d  

II . 

Table 4 . 1 . Da t a  for the analyses of  feeds used in  the exper imen t 

( SEM ) * . 

Type of  feeds 

Concen t ra t es 

He rbage 

Period I 

Peri od I I  

in v i t ro GE ME 

%DM %DMD %0MD %DOMD 

( MJME/ ( MJME/ 

%CP %ASH kgDM ) kgDM ) 

8 6 . 6  82 . 6  84 . 5  7 7 . 1  1 1 . 4  5 . 85 18 . 3  

( 0 . 1 ) ( 0 . 4 )  ( 0 . 3 ) ( 0 . 4 )  ( 0 . 3 )  ( 0 . 5 )  ( 0 . 1 ) 

7 3 . 1  7 7 . 3  6 7 . 1  15 . 7  1 1 . 4  18 . 0  

68 . 2  7 3 . 8 63 . 5  14 . 0  1 1 . 4  1 8 . 2  

1 2 . 3  

( 0 . 1 ) 

10 . 7  

10 . 2  

• S t andard error  o f  the mean 
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4 . 2  S�ARD CHARACTERISTICS 

4 . 2 . 1  Pregraz i ng Cond i t i ons 

There  was l i t t le vari a t ion in p regra z i ng pas t ure  mass 

be tween paddocks wi thin  each pe r i od , b e i ng 3 180±16 and 4 3 7 8 ± 107 

kgDM/ha for Period I and Per i od II  res pec t ively . The p regraz i ng 

herbage mass ( HM )  in each area alloca t ed to  the PF and CF cows 

in  bo t h  periods was no t s i gn i f i can t ly d i f feren t ( p>0 . 05 ) . Mean 

values and resul t s  of  ANOVA for the amoun ts  o f  HM for the  two 

t reatments  in  two periods are given in  Table 4 . 2 .  

Table 4 . 2 . Mean values and resul t s  o f  ANOVA for the amoun t s  o f  

pregraz ing pas ture mas s ( kgDM/ha ) for the  two 

t reatments  in Peri ods I and I I . 

Period I Period II 

Pd . N2 PF CF SEM Sig . Pd . N2 PF CF SEM S i g .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 2641 2681 4 4537 4558 

2 3537 3429 5 4434 3984 

3 3413  3383  

MEAN 3 1 9 7  3 1 64 370 NS 4486 4 2 7 1  2 9 2  N S  
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As  shown i n  Table 4 . 3 . , the amoun t s  o f  dai ly herbage 

allowance were no t s i gni f i can t ly ( p>0 . 05 )  d i fferen t be tween PF 

and CF trea tmen t s  in both period s . Howev e r , t he t o tal DM 

o f f e red to CF cows was s i gn i f i can t ly ( p<0 . 001 in Peri od I ,  

p<O . OS in  Peri od II ) grea ter t han tha t g iven t o  PF cows i n  b o t h  

peri ods due t o  t h e  add i t i onal concen t r a t e  i n  the C F  t rea tmen t .  

The calcula ted s t ocking dens i ty i n  Period I was 1 6 3  

cows /ha/day whe reas t h i s  value was 1 8 5  cows /ha/day i n  P e r i od II . 

Table 4 . 3 . Mean values and resul t s  o f  ANOVA for  the amoun t s  o f  

herbage , concen t ra t e  and t o t al D M  allowance for the 

two t rea tmen t s  in Per i ods I and II ( kgDM/ cow/day ) .  

Peri od I Per iod II  

PF CF SEM S i g .  PF  CF SEM S i g .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

DM allowance 

As pas ture 1 9 . 6  1 9 . 4  1 . 0  NS 24 . 4  22 . 9  1 . 7  NS 

As concen t r a t e  6 . 9  6 . 9  

To t al DM 

allowance 19 . 6  26 . 3  1 . 0  *** 24 . 4  29 . 8  1 . 7  * 
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The dai ly amount s  of  herbage ME , concent rate  M E  and t o tal  

ME  o f fered to  the PF and CF groups in  Periods I and I I  are shown 

in Table 4 . 4 .  There were no s ign i f i can t ( p>0 . 05 )  d i f ferences i n  

herbage ME allowance be tween the two groups i n  both p e r i ods . I n  

con t ras t ,  t o t a l  M E  al lowance f o r  t he C F  cows were s i gn i f i can t ly 

( p<O . OOl  and p<O . Ol in Peri ods I and II  respec t i ve ly )  h i gher  

than for the  PF cows in both period s , due  t o  the addi t i onal 

concen t ra t e  ME o f fe red to t he former cows . 

Table 4 . 4 . Mean values and resul t s  of  ANOVA for the amoun t s  o f  

ME o f fered from herbage , concen t rate  and t o tal ME 

allowance ( MJME/ cow/day ) for  the two t r e a t men t s  in 

Per iods I and II . 

Per iod I Peri od I I  

PF CF SEM Sig . PF CF SEM S i g .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

ME allowance 

As pas ture 2 10 208 1 1  NS 249 233 18 NS 

As concen t r a t e  85 85 

To t al ME 

allowance 2 10 293 1 1  *** 249 318 18 ** 
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4 . 2 . 2  Herbage Intake . 

The mean values for the amount s  o f  herbage , concen t ra t e  

and t o tal  DM consumed by t h e  d i f feren t groups in each period are 

presen t ed in Table 4 . 5 .  Herbage consump t i on was s i gni f i can t ly 

( p<0 . 05 and p <0 . 01 in Per i ods I and II respe c t i vely ) depressed 

by the supplemen t a t ion wi t h  concen t r a t e  in  both per i od s . I t  was 

decreased by 1 . 8  and 3 . 2  kgDM/ cow/day in Periods I and II  

res pe c t i vely . The intake o f  concen t ra t e  supplemen t was  s i m i la r  

in  bo t h  period s . 

Cal cula ted subs t i t u t i on ra t es in  Periods  I and II were 

0 . 2 7 and 0 . 48 kgDM decrease in herbage i n t ake per kgDM increase 

in  concen tra t e  consumed respec t i vely . 

To tal DM intakes were s i gn i f i can t ly ( p<0 . 001 in  bo t h  

p e r i od s )  higher i n  CF group than i n  P F  group i n  b o t h  per i ods , 

because o f  concen t rate  DM e a t en , and des p i t e  the reduced pas ture 

i n t ake . In Period I ,  to tal  DM i n t ake of the CF group was 4 . 9  

kg/ day h igher than the PF group and 3 . 5  kg/day higher in  Period 

I I . The consump t i on o f  1 kgDM concen t r a t e  i ncreased t o tal  DM 

i n t akes by 0 . 7 3 and 0 . 52 kg/day in  Periods I and II respec t i vely 

( Table  4 . 7 ) . 
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Table 4 . 5 . Mean values and resul ts  o f  ANOVA for  t h e  amoun t s  o f  

DM consumed from t h e  pas ture , concen t r a t e  and t o t a l  

apparen t DM i n t ake ( kgDM/ cow/day )  for  the two  

t reatmen ts  i n  Periods I and II . 

Apparen t DM i n t ake : 

As pas ture 

As concent r a t e  

Subs t i tu t i on rate 

To tal  OM i n take 

Period I 

PF CF SEM Sig . 

1 1 . 8  10 . 0  0 . 7  * 

6 . 7  

0 . 2 7 

1 1 . 8  16 . 7  0 . 7  *** 

Peri o d  II 

PF CF SEM S i g . 

1 2 . 2  9 . 0  0 . 8  ** 

6 . 7  

0 . 48 

1 2 . 2  15 . 7  0 . 8  *** 

The calcula ted mean values for the d a i ly amoun t s  of ME 

consumed from the he rbage , concen t ra t e  and t o t al ME consumed 

( MJ/ cow) by the two groups in Periods I and II are shown i n  

Table 4 . 6 .  

Due to  the decreases in  herbage DM i n t ake s , the ME 

consump t i on as pas ture was sign i f i can t ly ( p<O . OS and p<0 . 01 i n  

Periods I and II respec t ively ) decreased by t he suppl emen t a t i on 

o f  concen t ra t e  in  b o t h  per iods . The reduc t ion i n  herbage ME 

i n t ake of  t he CF cows were 19 MJ/ cow in Peri od I and 32 MJ/ cow 

in Period II . 
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The M E  in takes a s  concen t ra t e  were s imilar i n  bo t h  

peri ods . The to tal apparen t M E  consumed was s i gn i f i can t ly 

( p<O . OO l  in  bo t h  periods ) grea t e r  in  t he CF group t han i n  the PF 

group i n  bo t h  periods . The incremen t i n  t o tal  ME consumed were 

64 and 51 MJ/day whi ch corresponded to  77 and 61 % of the ME 

consumed as concen t rate  in  Periods  I and II  respec t ively . In  

o ther words , the consump t i on o f  1 MJME as concen t ra t e  resul t ed 

in inc reased t o tal ME consumed by 0 . 7 7 and 0 . 6 1 MJ /day in  

Periods I and II respe c t i vely ( Table 4 . 7 ) . 

Table 4 . 6 . Mean values and resul ts  o f  ANOVA for the amoun t s  of  

the ME  consumed from the herbage , concen t ra t e  and 

t o tal ME consumed ( MJ/ cow/day ) for the two t re a t men ts  

i n  Periods I and II . 

PF 

ME i n t ake : 

As pas ture 126  

As  concen trate  

To t al ME i n t ake 126  

Period I 

CF 

107 

83 

190 

SEM S i g . 

8 * 

8 * * *  

PF 

124  

1 2 4  

Per i od II  

CF 

92 

83  

175  

SEM Sig . 

8 ** 

8 *** 
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Table 4 . 7 . Increase in  t o tal OM and ME i n t akes caused by the  

consump t i on o f  1 kgDM or  1 MJME as  concen t ra t e s  i n  

Per iods I and II . 

kgDM/kgDM as concen t ra t e  MJME/MJME as concen t ra t e  

Period I Period II  Peri od I Per i od II 

0 . 7 3 0 . 5 2 o .  7 7  0 . 6 1  

MEAN 0 . 65 0 . 69 
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4 . 2 . 3  Res idual Herbage Mas s . 

Values for  ind ividual paddocks and mean values for  

res i dual herbage mass ( RHM ) are given i n  Table 4 . 8 .  There was 

no s i gn i f i can t d i fferences in the RHM b e t ween the two t reatmen t s  

i n  bo t h  periods ( 1 305 vs 1 5 6 9  kgDM/ha i n  Peri od I ,  2 2 5 5  v s  2654 

kgDM/ha in  Per i od I I ) . 

The mean values for the degree o f  defol i a t i on are also 

given in  Table 4 . 8 .  The degree of  d e f o l i a t i on was depressed by 

the supplemen t a t ion wi th concen t ra t e . I t  was de creased by 12% 

and 13%  uni t s  in Periods I and I I  respe c t i vely , but t hese 

d i f ferences were no t sign i f i can t .  
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Table 4 . 8 . Mean values and resul t s  o f  ANOVA for  the amoun t s  of  

Pd . N2 

1 

2 

3 

res idual herbage mass ( RHM , kgDM/ha ) 

t rea tmen ts  in Periods I and I I . 

PF 

Period I 

CF SEM Sig . 

1 087 1432 

1 768 2031 

1 059 1569 

Pd . N2 

4 

5 

Per i od II  

PF  CF 

2 1 5 2  2847 

2358 2461 

for  the two 

SEM S ig .  

MEAN 1 305 1569 332  NS 2255  2654 2 1 9  NS  

Degree o f  defol i a t ion (% )  

59  47  7 NS  50 37 3 NS  
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4 . 3  ANIMAL PERFORMANCES . 

4 . 3 . 1  General . 

The data for the cows a t  the s t a r t  o f  the  exper i ment  are 

given in  the previ ous chap ter ( See Table 3 . 1 ) .  The resul t s  

repor t ed in the following t ables were adj u s t ed using t h e  i n i t i a l  

s t a t i s t i cs a s  covari a tes . Ini t i al m i l k ,  m i lk fa t ,  mi lk pro t e i n  

and m i lk lac tose yield s  we re used as cova r i a t es in  t h e  

s t a t i s t i cal analys i s  o f  subsequen t y i e lds o f  m i l k ,  milk  fa t ,  

m i l k  protein  and mi lk lac t o s e  respe c t ively . 

concen t ra t ions of fa t ,  pro tein and lac t o s e  were 

us ing t he i r  ini t i al con cen tra t i ons as covar i a t e s . 

Subsequen t 

also analys ed 
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4 . 3 . 2  Y ields o f  M i lk ,  M i lk Fa t ,  M i lk P r o t e i n  and M i lk Lac t os e . 

Table 4 . 9  shows the y i elds o f  mi lk , m i lk fat , m i lk pro t e i n  

and milk lactose f o r  the t reatmen t groups f o r  the  two per i od s . 

Concen t ra t e  f eed ing s ign i f i can tly increased m i lk ( p <O . Ol ) , 

m i lk pro t e in ( p<O . OO l ) and milk lac t os e  ( p<O . Ol )  y i elds during 

the two experimen tal  peri ods . The d a i ly response was 0 . 3 3 and 

0 . 48 kg milk ,  0 . 02 and 0 . 03 kg of mi lk pro t e i n , and 0 . 02 and 

0 . 03 kg of milk lac tose per kgDM o f  concen t ra t e  consumed i n  

Periods I and I I  respec t ively . Concen t ra t e  feeding had no 

e f f e c t  on the yield of milk fat  dur ing P e r i od I .  However , i t  

increased the yield o f  milk fat  ( p<O . OS )  during the Expe r i mental  

Per i od II . 

There was a s ign i f i cant e f fec t o f  t i me on all yields in  

Period I whereas t h i s  s ign i f i cance only appeared on  m i lk and 

lac t ose y ields in Period II . The re was an i n terac t i on b e t ween 

t i me and group e f f e c t  ( Table 4 . 9 ) . 

The sign i f i cance o f  the t ime e f f e c t  and i t s  i n t e rac t i on 

wi th  group sugges t s  that  the signi f i can t d i f f erence be tween 

t reatmen t s  was no t cons tan t wi th  t i me . 

Res idual e f fe ct  No  residual e f fe c t  on  y i elds  o f  m i lk ,  f a t , 

pro t e i n  and lac tose  was observed i n  week 1 following the 

cessa t i on o f  concen t r a t e  feed i ng ( Table 4 . 9 ,  F i gures 4 . 1 ,  4 . 2 ,  

4 . 3  and 4 . 4 ) .  
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Table 4 . 9 . Yields of  mi lk , m i lk fat , m i lk  pro t e i n  and m i l k  

lactose ( kg/ cow/day )  f o r  t h e  t wo t rea tment groups in  

Periods I and II . 

M i lk 

Period  I 

Per iod II  

\leek� 1 

M i lk fa t 

Period  I 

Period  I I  

\leek� 1 

M i lk pro t e i n  

Per i od I 

Per iod II  

\leek� 1 

M i lk lac t o  se  

Per iod I 

Period  II  

\leek� 1 

12 . 8  

1 1 . 7  

1 3 . 1  

15 . 0  

14 . 9  

14 . 1  

0 . 623  0 . 68 5  

0 . 576  0 . 7 1 1  

0 . 666  0 . 706 

SEM 

0 . 4  

0 . 7  

0 . 7  

0 . 033  

0 . 047 

0 . 036  

0 . 446 0 . 580 0 . 020 

0 . 421  0 . 595 0 . 033  

0 . 49 1  0 . 540 0 . 026  

0 . 639  

0 . 570 

0 . 652 

0 . 765  

0 . 7 6 1  

0 . 7 1 7  

0 . 033  

0 . 046  

0 . 039  

s adj us te d  values 

cova r i a tes  

using ini t ial  

Level o f  s igni f i cance 

Group T ime T ime*Group 

** *** *** 

** ** ** 

NS 

NS ** ** 

* NS NS 

NS 

*** ** ** 

*** NS NS 

NS  

**  *** *** 

** * * 

NS  

correspond ing y i e lds as  

� Veekt h  a f ter  the  cessa t i on o f  concen t r a t e  f eed ing . 
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4 . 3 . 3  M i lk Compos i t i on . 

The concen t r a t ion o f  m i lk f a t , m i lk protein  and m i lk 

lac t ose  for the two t rea tmen ts  for the two p e r i ods are g i ven i n  

Table 4 . 10 .  

Concen t ra t e  feed ing had no e f fe c t  on m i l k  fat  and m i lk 

lac t ose  concen t ra t i ons in  bo th per i ods . However ,  concen t r a t i on 

o f  m i lk pro tein was s igni f i can t ly ( p <0 . 00 1 )  increased by 

concen t rate  supplemen t s  in  bo th per i ods . There was no 

i n t e rac t ion be tween t i me and group e f f e c t s .  

Res i dual effect  No  resi dual e f fe c t  on  mi lk f a t  and m i lk lac tose  

concen t rat ion was observed a week a f t er the  cessa t i on o f  

concen t ra t e  feed i ng . However , res idual e f fe c t  o n  milk pro t e i n  

concen t rat ion was observed i n  week 1 ,  bu t no t i n  week 2 a f t e r  

concen trate  feed ing ceased ( Table 4 . 10 and F i gure  4 . 5 ,  4 . 6  and 

4 .  7 ) . 
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Table 4 . 10 .  Concent rat i ons o f  f a t , pro t e i n  and lac t o s e  (%)  for  

the  two  t rea tmen t groups i n  Periods  I and I I . 

Level  of  s i gn i f i cance 

- - - - - - - - - - - - - - - - - - - - - --

PF§ CF § SEM Group T ime T i me*Group 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - -

M i lk f a t  ( % )  

Per i od I 4 . 89 4 . 7 9 0 . 15 NS * NS 

Period  I I  5 . 04 4 . 94 0 . 20 NS * NS  

Yeek� 1 5 . 2 1 5 . 2 2 0 . 18 NS 

M i lk p r o t e i n  (% )  

Per i od I 3 . 5 3 3 . 99 0 . 09 *** * NS 

Period  II  3 . 70 4 . 07 0 . 08 *** NS NS 

Yeek� 1 3 . 74 3 . 9 2 0 . 06 * 

Yeek� 2 3 . 7 1 3 . 7 1 0 . 10 NS 

M i l k  lac to se  (% )  

Per iod I 5 . 04 5 . 09 0 . 04 NS NS NS 

Per i od I I  5 . 00 5 . 04 0 . 04 NS NS NS 

Yeek� 1 5 . 02 5 . 09 0 . 03 NS 

§ adj u s t ed values using ini t ial corres pond i ng compos i t i o n  as 

covari a t es . 

� Yeekt h  a f t e r  the cessa t ion o f  concen t ra t e  feeding .  



6 6  

4 . 3 . 4  Livewe igh t and Body Cond i t i on Score . 

The mean values f o r  the ini t i al l i vewe i ght , the  f inal 

l i vewe igh t  adj us t ed for  ini t ial we igh t , l i vewe i gh t  change , t he 

in i t i al  score , the f inal cond i t i on s core  adj u s t ed for  i n i t ial  

s core and change i n  cond i t ion s core are g iven i n  Table 4 . 1 1 .  

The f inal l i vewe igh t was s i gn i f i can t ly ( p<O . Ol )  increased 

by the supplemen t a t ion wi th  concen t ra t e .  B o t h  PF and CF cows 

gai ned weigh t  bu t t he ga in  in livewe igh t o f  the CF cows was 

s i gni f i can t ly ( p <0 . 0 1 )  h i gher than the PF cows . There was also 

a s ign i f i can t ( p <O . O l )  d i f ference in the f inal CS be tween the  

two groups . Cows wi th  no supp lemen t los t body cond i t ion  s core 

whereas cows wi th  supplemen t gained body condi t i on s core . There 

was a s ign i f i can t ( p <O . OOl ) d i f ference in  changes in body 

cond i t i on score be tween t he two groups ( Table 4 . 11 ) . 

The rela t i onsh i p  be tween changes i n  l i vewe igh t and body 

condi t i on score is shown in Figure 4 . 8 .  Trends in l i vewe igh t 

change and body cond i t i on score change are also  shown in  F i gures 

4 . 9  and 4 . 10 respe c t ively . 
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Table 4 . 1 1 . Me an values and resul ts  o f  ANOVA for the i n i t ial  and 

f i nal l i veweigh t ( kg/cow ) , the  i n i t i al  and f i nal body 

cond i t i on score ( un i t s ) , l i veweigh t  change ( g/ day ) 

and cond i t ion score change ( uni t s /mon th ) for the  two 

t rea tmen t groups in  Periods  I and II . 

PF 

In i t i al LW ( kg )  359 

F i nal LWS ( kg )  365 

LW change ( g/day ) +1 22 

be tween i n i t i al 

and f i nal LW 

Ini t i al CS 

F i nal c s s  

CS change 

( CS/mon t h )  

4 . 9  

4 . 4  

-0 . 1  

CF 

347 

3 7 9  

+282 

4 . 3  

5 . 2  

+0 . 2  

SEM 

22 

5 

14  

0 . 2  

0 . 2  

0 . 02 

Level o f  s i g .  

NS 

* *  

** 

NS 

** 

*** 

5 adj us t ed u s i ng i n i ti al we igh t  or cond i t i on score as  a cova r i a t e  
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Figu re 4 . 3  Effect of concentrate s u pp l e m entat ion o n  m i l k  prote i n  y ie ld 
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Fig u re 4 . 4  Effect of concentrate s u pp lem entation  o n  m i lk lactose y ie ld  
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Fig u re 4 . 5  Effect of concentrate s upp lementati on  o n  conce ntrat ion of m i l k  fat 
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Fig u re 4 . 6  Effect of concentrate supp lem entatio n  on co ncentratio n  of  m i l k  prote i n  
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Fig u re 4 .  7 Effect of concentrate supp leme ntat ion o n  conce ntrat ion of m i l k  l actose 

5.5  

5 m  1 =w:  • • 

con ce ntrat ion 
of  4. 5 

m i l k  lactose 
(o/o) 

4 

3 . 5  Concentrate 
introducing 

period 

Exp. I period I 

I I 
I ! 

Exp. j 
period : 

1 1  i 

• PF 

-& CF  

i End  o f  concentrate · 
feed ing 

3 I I I I I I I I I f--f---1--i--t---'---1--t--'---t--t----t--t----t--l 

0 1 2 3 4 5 6 7 8 9 1 0 1 1  1 2 1 3  1 4  1 5  1 6  1 7  1 8 1 9  20 

weeks 

-...J 
� 



Fig u re 4 . 8  
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Fig u re 4 . 9  Tre nd i n  l ivewe ight  change over t h e  experi m e ntal period 
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( a )  

( b )  
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P l a t e  4 . 1 E f f e c t  o f  concen trate  s u ppleme n t a t i on on r e s i dual  
he rbage mass (a )  unsupplemen ted group 
( b )  supplemen ted g roup . 



Pla t e  4 . 2  E f fec t o f  concen trate  suppleme n t a t i o n  on resi dual 
herbage mass  ( a )  unsupplemen t e d  group 
( b )  supplemen ted group ( closed u p ) . 

7 9  
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5 DISCUSSION 

5 . 1  EFFECT OF CONCENTRATE SUPPLEMENTATION ON HERBAGE INTAKE . 

5 . 1 . 1  Measuremen t o f  Herbage Intake . 

Herbage i n t ake was measured by t h e  sward cu t t ing t echn i q ue 

whi ch also provides informa t i on on the  herbage mass and 

a llowance . The sward cu t t ing t echn i que had ano ther  advan tage 

w hic h  was tha t the measuremen t t e chnique was una f fe c t ed by 

c oncen trate  supplemen t a t i on ,  in con t ras t t o  me thods base d  on 

i nd i ges t i ble  marker technique ( M i lne et  a l . , 198 1 ) .  The maj o r  

d i s advan tage o f  the t e chni que was that  i t  o b t ained only mean 

i n t ake e s t ima t es for groups o f  cows , in case of group gra z i ng as 

in the presen t s t udy , and the labour input  was high .  Cu t t i ng t o  

ground level had the advan tage that  no herbage could b e  grazed 

below the cu t t ing level wh i ch resul t ed in an increase in 

a c curacy o f  in take measurement  (Meij s , 1 982 ) , although samp l ing 

e r rors were the maj or d e te rminant o f  accura cy . 

Mean p regrazing herbage mass in  Peri ods I and II , b e i ng 

3 180 and 4378  kgDM/ha ( Table 4 . 2 ) , could b e  cons idered t o  be i n  

t h e  range o f  values ( 2 , 000-4 , 000 kgDM/ha ) w i thin wh i ch i t  was 

s ugges t ed that OM in take was 

( Combellas and Hodgson , 1 979 ; 

una f f e c t ed by herbage mas s 

Meij s , 1981 ; Ho lmes , 1 987 ) , 

a l t hough herbage mass in  Per i od II was s li gh t ly h ighe r  t han t h i s  

r ange . 
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The h i gher mass ( by 1 , 200 kgDM/ha ) in  Period I I  t han i n  

P e r i od I can b e  at t r i buted t o  the  rap i d  growt h  rate  rather  than 

the ma t ur i ty s i nce there was no d i f ference between the p e ri od of 

p addock clos ing ( 37 ±2 and 40±4 days in Periods I and II  

respec t i vely ) . I t  i s  likely that  h i gher mass i n  asso c i a t i o n  

w i t h  a reduc t i on i n  diges t i b i l i ty  (Table 4 . 1 ) r e f le c t ed t h e  

ma turi ty o f  pas ture . However , such nega t ive relat i ons h i p  may 

n o t  always be caused by the period  of regrow t h .  

A decrease in d iges t i b i l i ty ,  whi ch is  regarded a s  one o f  

t h e  fac to rs  i n f luencing in t ake ( Hodgson e t  al . , 1 97 7 ) , in  P e r i od 

I I  i s  probably due to  a low propo r t i on o f  legume to grass , a low 

p ropo r t ion  o f  leaf t o  s t em or to a h i gh proport i on of dead 

ma t e r i als . I t  may also be caused by the combina t i on o f  these  

fac tors s i nce all  paddocks had been  l axly grazed dur i ng the 

early pe r i od o f  growing season and such graz ing pat t ern has been 

s ugges ted  t o  resul t 

( L ' Huiller , 198 7 ) , in 

in a reduc t i on in  the propor t i on of legume 

a low propo r t i on o f  leaf to s t em 

( Hall , 19 7 3 ; Baars et al . , 1 98 1 ) , in  a high propor t i on o f  dead 

ma t e r ials ( Hoogendoorn , 1987 ) and , o f  i mp o r t ance , in a reduc t i on 

o f  qual i ty ( Ko r t e  e t  al . , 1984 ; Sheath and Boom , 1 985a , b ;  

H oogendoorn , 1 98 7 ) .  The apparen t corresponding low values for  

c rude pro t e i n  pe rcen t age in both peri od s  were probably r e f lec t ed 

by t hese factors  as well .  Un f o r t una t ely , morphologi cal  and 

b o t an i cal  compos i t ion of pas ture were no t d e t e rmined in the 

present s tudy , t herefore the clear reason can no t be  fur t he r  

explained . 
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5 . 1 . 2  Herbage Intake and Subs t i t u t i on Ra t e .  

Combellas and Hodgson ( 19 7 9 )  repo r t ed that  herbage i n take 

o f  graz i ng cows was near maxi mum when graz i ng e f f i c i ency , 

d e f i ned as herbage i n take expressed as  a propor t io n  o f  the 

herbage allowance , was 50% or less . G raz i ng e f f i ci e n c i e s  of 60% 

and 52% for the Periods I and II , respec t i ve ly , in the presen t 

s t udy would be likely to  ind i ca t e  i n t ake res t r i c t ion . In  o ther 

words , herbage al lowance o f  20  and 2 5  kgDM/ cow/day used in the 

p resen t s tudy are below the levels generally assoc i a t ed w i t h  

maximum i n t ake ( Holmes , 1 98 7 ) . 

Graz i ng t r ials w i t h  lac t a t i ng cows i n  early lac t a t i o n  have 

s hown that  concen t ra t e  feed ing reduced herbage 

( Jenni ng and 

A r r iga-Jo rdan 

Holmes , 1 984 ; 

and 

Mei j s  and 

Holmes , 1 986 ; 

consump t ion 

Hoeks t r a , 1 984 ; 

M e ij s , 198 6 ;  

S t akelum , 1 986a , b , c ) . The subs t i t u t i on rates  vari ed be tween 0 . 03 

and 0 . 7 9 kgDM/kg concen tra t e  DM e a t en .  The var i a t i on in  

subs t i tu t i on ra tes could b e  exp lained by  d i f ferences i n  herbage 

d iges t i b i l i ty ,  leve ls of concen t ra t e  feed ing , res t r i c t e d  a c cess  

to  herbage caus ing low i n t ake . Leaver e t  al . ( 19 6 9 )  

repo r t ed subs t i tu t ion 

herbage 

rate  o f  0 . 55 kg o f  herbage OM/kg 

c oncen t ra t e  OM consumed a t  res t r i c t ed graz i ng wi t h  

Meij s and Hoeks t ra ( 1 984 ) sugges t ed tha t t he 

da i ry cows . 

e f fe c t o f  

c oncen t ra t e  feed ing o n  herbage i n t ake o f  graz i ng cows depends o n  

t he level o f  dai ly herbage allowance . 



8 3  

T h e  average subs t i t u t i on ra t e  found in  t h e  present  s tudy 

was 0 . 3 7 kgDM/kgDM concen trates  (Table 4 . 5 ) and the average 

inc rease i n  i n t ake was 0 . 69 MJME/MJME concen t rate  ( Table 4 . 6 ) . 

These are similar t o  the average values f rom a w i d e  range o f  

experimen t s  ( 0 . 35 kgDM/kgDM concen t ra t e  and 0 . 79 

concen t ra t e  respec t i vely , Table 5 . 1 ) 

MJME/MJME 

Increases in subs t i tu t i on ra tes wi th  increas i ng the level 

of concen t ra t e  intake have been revi ewed in zero graz i ng 

( Me ij s , 1 98 1 ) ,  al though o thers d i d  no t found t h i s  rela t i onsh i p  i n  

indoor t r ials (Taparia and Davey , 1970 ; Tayler and 

�i lkinson , 1972 ) or in graz ing t r i als (Meij s and Hoeks t ra , 1984 ) . 

The presen t s t udy d id  no t des ign t o  compare d i f ferent  levels o f  

concen t ra t e  in take . 

M e i j s ( 1 986 ) fed h i gh or low qual i ty concen t ra t e  t o  

gra z i ng cows i n  early lac tat i on and es t imated average herbage 

i n t ake o f  unsupplemented cows o f  1 2 . 05 kgDM/ cow/day . Mean 

subs t i tu t i on rate  when feed ing 5 . 3  kgDM from concen t ra t e  was 

0 . 33 whi ch is s imi lar to the present s tudy . The early wo rk o f  

Leaver e t  al . ( 1969 ) , i n  a t r ial  comparing graz i ng sys t ems i n  

whi ch unsupplemen ted cows were consuming 1 2 . 0  kg herbage OM , 

repor t ed a mean subs t i tut ion ra t e  of  0 . 55 kg/kg concen t ra t e  w i t h  

3 . 64 kg concen t rate  fed . I n take es t i mates , however ,  were 

measured by an i mal-based techn i ques . Faecal o u t p u t  was 

pred i c t ed by chromi c oxide feed i ng and d iges t i b i l i ty  o f  herbage 

i n t ake was es t ima t ed by ni t rogen regressi on . No allowance was 

made fo r  t he e f fec t of the supplemen t on herbage d i ges t i b i l i t y . 
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Addi t i onally , the supplemented cows were o f fered more  herbage 

t han the unsupplemen ted cows and , therefore , herbage al lowance 

was confo unded wi th  the concen t ra t e e f fe c t . 

Me i j s and Hoeks t ra ( 1984 ) sugges t ed that  dai ly herbage 

allowanc e  ra ther than the level of  concen trate  consumed was the 

maj o r  fac t or d e t e rmining t he e f fe c t  of  concen t r a t e  on herbage 

i n take o f  the graz ing cows . They pred i c t ed increases i n  

s ubs t i t u t i on ra t e  from 0 . 1 1  to  0 . 69 when herbage allowance 

i nc r eased from 15 to  30 kgOM/ cow/day . Simi lar resul t s  were 

o b t ai ned  wi th  concentra t e  feed ing 

( S t akelum , 1986b , c ;  Grainger , 1 98 7 ) .  The 

t o  

only 

gra z i ng cows 

supplemen t a t i on 

t r i al known wi th s t r i p-grazed dai ry cows a t  a low allowance has 

been repor ted by Leaver et al . ( 19 6 9 )  wh i ch has been men t i oned 

e a r l i e r . The pos s i ble reasons for descri bing the lower 

s ub t i tu t i on ra t e  at a low allowance have previ ous ly been gi ven . 

I n  the present s t udy , al though the two measuremen t per i od s  

d i f fered in  herbage allowance , they also d i f f ered in  o ther 

f a c t o r s . In add i t i on , the pre sen t exper i men t was no t des igned 

t o  d e t ermine e f fec ts  of  herbage allowance , t here fore the e f fe c t  

o f  d i f f erent allowance o n  subs t i t u t ion  ra te  could n o t  b e  

c ompared . 

5 . 1 . 3  Explana t i on of  Reduced Herbage In t ake . 

The reasons for reduc t i on in  herbage i n t ake when 

concen t ra t es were fed are no t fully unders t ood . I t  i s  probable 

t h a t  me t aboli c cont rol , phys i cal limi t a t i on or t he combi na t ion 
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of t wo mechani s ms may cause such reduc t i on . However ,  t h i s  can 

pr obably be cons idered t o  be due t o  the phys i ca l  con t rol d eal i ng 

w i t h  rumen capaci ty and r a t e  o f  d i sappearance o f  d iges t a , and t o  

me t abol i c  l i m i t a t i o n .  Forbes ( 1983 ) has s ugges t ed s everal 

models for describing the e f fec t of concen t r a t e  input  upon 

voluntary i n t ake o f  cows 

phy s i cal l i mi t a t ion . In  

deal ing wi t h  

t h e  former 

me tabo l i c  con t rol  and 

case , he expec t ed tha t 

concen t ra t es would di sp lace roughage i n  propo r t i on t o  the i r  ME 

concen t ra t i on .  Th is  leads however to calcu l a t ed subs t i tu t ion  

r a t es o f  grea ter than 1 for mos t typi cal forages , whi ch are 

never s een , even wi th low y i eld ing cows . Reduc t i on in herbage 

i n t ake in the present  s t udy is unl i kely to be caused by 

me t abo l i c  con t rol since the apparen t ME i n t ake by the CF cows 

was greater than the i r  calcula t ed ME requ i remen t s , ( w i th  

requi remen t s  for ma i n t enance , mi lk produc t i on and l ivewe i gh t  

ga in  i ncluded , Table 5 . 5 ) . 

When phys i cal limi t a t i on is cons i dered , wh ich is  nearly 

a lways the case of gra z i ng cows , Forbes ( 1 98 3 )  sugges t ed tha t 

concen trates  would di splace fo rage in the propor t i on t o  the 

s pace occup ied by the two feeds and also sugges t ed that  t he bes t 

read i ly avai lable is  cell wall con t en t s , neu tral d e te rgen t  

f i bre .  Us i ng the typical value o f  250 and 650 g/kgDM f o r  

concen t rates  and forage res p e c t ively ( Forbes , 1983 ) , t h i s  g ives a 

s ubs t i t u t i on rate of  0 . 38 ,  wh i ch i s  s i mi lar t o  the values 

recorded in the presen t s t udy . The reduc t i on in herbage i n take 

i n  t he present s tudy i s  more likely to be caused by phys i cal 

l i m i t a t ion . 
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Table 5 . 1 . Changes in  in take of  pas ture and res i dual herbage mas s 

per un i t  o f  add i t ional Hay , S i lage and Concen t ra t e  

expressed a s  kgDM I kg supplemen t DM , MJME I MJME 

supplement  or kgDMi ha by graz ing cows . 

De t a i ls I * 
5 

I * 
h 

s * 
r 

t!TDMI * t!TMEI * 6RHM * 

E l d r i dge and Low 2 . 1  5 . 7  0 . 10 +0 . 90 

Ka t ( 19 8 0 )  H i g h  2 . 4  4 . 3  0 . 50 +0 . 50 

Dry cows 

S t o ckdale et al . 22 . 4  5 . 7  7 . 9  0 . 32 +0 . 6 7 

( 1 981 ) 

Early lac t . 

Phi l l ips  and E 

Leaver ( 1 985a)  

Two s t o cking M 

rates . 

Se t s tocking .  L 

34 . 1  4 . 3  10 . 3  0 . 2 7 

Low 1 . 5  13 . 4  0 . 40 

H i gh 1 . 3  14 . 0  0 . 15 

Low 1 . 7  1 2 . 2  0 .  76  

High 1 . 5  1 2 . 2  0 . 47 

Low 1 . 8  9 . 1  0 . 22 

High 1 . 6  10 . 0  0 . 00 

� i l ls and Holmes 9 . 1  5 . 0  8 . 1  0 . 2 8 

+0 . 7 3 

+0 . 60 

+0 . 85 

+0 . 24 

+0 . 5 3 

+0 . 78 

+ 1 . 00 

+0 . 7 2  

( 1 988 ) Dry cows 1 3 . 4  5 . 0  10 . 5  0 . 40 +0 . 60  

MEAN ( Hay ) 1 9 . 7  2 . 8  9 . 8  0 . 32 +0 . 68 

+0 . 7 6 

+0 . 38 

+310  

+470  

+0 . 47 

+0 . 80 

+0 . 07 

+0 . 43 

+0 . 75 

+0 . 93 

+0 . 54 +387  

+0 . 35 +387 

+0 . 55 +388 



S i lage 

Bryan t ( 1978 ) 

'-li l t ed , Mid  

lac t a t ion . 

20 . 0  8 . 8  7 . 5  0 . 36 +0 . 64 +0 . 70 +560 

2 0 . 0  7 . 8  7 . 5  0 . 36 +0 . 64 +0 . 70 +490 

Bryan t and Trigg 1 5 . 0  2 . 1  8 . 8  0 . 33 +0 . 6 7 +0 . 67 + 1 7 0  

( 1 98 2 ) , V i l t ed ,  1 5 . 0  4 . 0  8 . 8  0 . 42 +0 . 58 +0 . 58 + 3 90 

Early lac t . 

Phi l l i ps and E 1 . 7  1 2 . 5  1 .  30 -0 . 30 -0 . 50 

Leaver ( 1985 b )  4 . 0  1 2 . 5  0 . 85 +0 . 1 5  0 . 00 

S e t  s t o cking , 5 . 8  1 2 . 5  0 . 9 1 +0 . 09 -0 . 06 

S ame HA a t  L 4 . 1  10 . 2  0 . 68 +0 . 32 +0 . 3 2 

s ame period . 10 . 4  10 . 2  0 . 7 3 +0 . 2 7  +0 . 27 

87  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MEAN ( S i lage ) 

Concen t ra t e  

Sarke r and Ho lmes 

( 1 9 7 4 ) Dry cows . 

Jenn i ng and 

H olmes ( 1 984 ) , 

1 7 . 5  5 . 4  10 . 0  0 . 66 +0 . 34 

4 . 0  9 . 9  0 . 57 +0 . 43 

6 . 0  9 . 9  0 . 47 +0 . 53 

8 . 0  9 . 9  0 . 43 +0 . 57 

+0 . 30 

Low 4 . 0  1 2 . 6  0 . 03 +0 . 9 7 +0 . 97 

Low 4 . 0  1 2 . 6  0 . 1 3 +0 . 8 7 +0 . 88 

Two concen t r a t e  H i gh 5 . 0  1 2 . 0  0 . 15 +0 . 85  +0 . 85 

energy . H i gh 5 . 0  1 2 . 0  0 . 32 +0 . 68  +0 . 70 

+402 



Mei j s and 1 6 . 2  2 . 4  1 1 . 1  0 . 06 +0 . 94 

Hoeks t ra ( 1984 ) 24 . 6  2 . 4  14 . 6  0 . 3 7 + 0 . 6 3  

Two Exps . Two HA . 1 6 . 4  3 . 2  1 1 . 6  0 . 08 +0 . 92  

Early lac t . 

S t o ckdale and 

T r i gg ( 1 985 ) 

Ar r i ga-Jordan 

and Holmes 

( 1 9 86 )  Two 

graz i ng sys t ems . 

Meij s  ( 1 98 6 ) , 

H i gh or  Low 

2 4 . 3  3 . 2  15 . 1  o .  7 9  +0 . 2 1 

1 7 . 3  3 . 9  1 1 . 1  0 . 10 +0 . 90 

24 . 7  3 . 8  14 . 6  0 .  7 0  +0 . 30  

1 6 . 2  5 . 6  1 1 . 6  0 . 2 1 +0 . 7 9 

24 . 0  5 . 6  15 . 1  0 . 65 +0 . 35 

1 6 . 0  1 . 8  8 . 0  0 . 00 + 1 . 00 

25 . 8  1 . 8  10 . 6  o .  94 +0 . 06 

14 . 9  3 . 6  8 . 0  0 . 00 + 1 . 00 

2 6 . 6  3 . 5  10 . 6  0 . 43 +0 . 57 

15 . 2  6 . 3  8 . 0  0 . 2 3 + 0 .  7 7  

26 . 3  6 . 2  10 . 6  0 . 30 +0 . 7 0 

CG 6 . 0  18 . 1  0 . 36 +0 . 64 +0 . 64 

SG 6 . 0  15 . 3  0 . 1 3 +0 . 8 7 +0 . 86 

28 . 0  5 . 4  1 1 . 5  0 . 45 +0 . 55 +0 . 60 

2 8 . 0  5 . 3  1 2 . 6  0 . 2 1 +0 . 79 +0 . 8 1 

S take lum ( 1986a ) 1 4 . 3  3 . 2  1 2 . 8  0 . 59 +0 . 41 

La t e  lac t . 2 1 . 3  3 . 2  1 6 . 9  0 . 28 +0 . 72 

+50 

+ 3 2 0  

- 1 1 0  

+320  

+460  

+330  

+291  

+ 3 3 8  

88  



S t akelum ( 1986b)  13 . 6  3 . 5  12 . 2  0 . 37 

Early lac  t .  20 . 5 3 .  7 15 . 4 0 .  43  

+0 . 63 

+0 . 57 

S t akelum ( 19 8 6 c )  14 . 6  3 . 8  11 . 9  0 . 33 +0 . 67 

Mid  lac t . 21 . 9  3 . 8  15 . 1  0 . 68 +0 . 32 

G r i anger ( 1 987 ) 8 . 0  3 . 2  6 . 1 

17 . 0  3 . 2  11 . 8  

33 . 0  3 . 2  15 . 9  

o .  00 +1 . 00 

0 . 27  

0 . 69 

+0 . 73 

+0 . 31 

MEAN ( Cones ) 20 . 3  4 . 2  12 . 2  0 . 35 +0 . 65 +0 . 79 

Presen t  s t udy 

MEAN 

19 . 5  6 .  7 11 . 8  

23 . 6  6 . 7  12 . 2  

0 . 2 7 +0 . 76 +0 . 7 7 

0 . 48 +0 . 56 +0 . 6 1 

21 . 5  6 . 7  12 . 0  0 . 37 +0 . 65 +0 . 69 

• HA Dai ly herbage allowance ( kgDM/ cow/day ) . 

I Supplemen t i n t ake ( kgDM/ cow/day ) .  
s 

+ 1 2 4  

+ 1 1 1  

+ 2 4 5  

+ 2 6 4  

+ 3 9 9  

+ 3 3 1  

Ih Herbage intake ( kgDM/ cow/day )  by unsupplemen t ed cows . 

S r Subs t i t u t ion ra te  ( kgDM/kgDM supplement  consumed ) .  

89  

�TDMI Change in  total  DM intake ( kgDM/kgDM supplement consumed ) 

�TMEI Change in  t o t a l  ME in take ( MJME/MJME supplemen t consumed ) 

�HM Change i n  res idual herbage mas s  ( kgDM/ha ) .  
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5 . 1 . 4  E f fe c t  on Res idual Herbage Mass . 

RHM was increased by concen t ra t e  feed ing a l though the 

in c reases ( 2 64 and 399 kgDM/ha in  Peri ods I and II respe c t i vely)  

were no t s t a t i s t i cally s i gn i f i can t . Since RHM is  the 

consequence o f  the d i f ference be tween pregraz i ng herbage mass 

and herbage i n t ake , increases in  RHM in  bo t h  per i od s  were 

presumably caused by reduc t i ons in  herbage in take due to 

concen t ra t e  supplemen t a t i on .  This  e f fec t o f  supplemen t a t i on on 

RHM had been observed by several worke rs as shown in Table 5 . 1 ,  

for  d i f feren t type of suppleme n t s  and for  d i f ferent  

phys i ological s t age o f  the an imals . 

S t akelum ( 1986a) , 

kgDM/ cow/day , repor ted 

at  allowances of 

subs t i t u t i on rates 

14 . 3  and 

o f  0 . 55 and 

2 1 . 3  

0 . 28 

kgDM/kg concen t ra t e  DM and consequen tly supplemen ted cows lef t  

2 9 1  and 338 kgDM/ha higher than unsupplemen t ed cows 

respe c t i vely . A comparable find i ng was repo r t ed by S t o ckdale 

and T r igg ( 19 8 5 ) for the high allowance ( 26 kgDM/cow/day ) , w i th  

1 . 8 , 3 . 6  and 6 . 3  kgDM concen t r a t e  supp lemen t a t i on .  The resul t s  

o f  t h e  pre sen t s t udy corres ponded very wel l  wi th  t he above 

t r ials . 

I t  can b e  cons idered that  the change in  RHM depends on the 

change in  herbage i n t ake ( kgDM/ cow) and the s tocking ra t e  

( cows/ ha ) . For  example , in Peri od I ,  change in  herbage i n take 

was 1 . 8  kgDM/ cow and the number o f  cows /ha was 163 . Us i rig these 

values , i t  can be calculated the change in RHM of  293 kgDM/ha 
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whi ch closes t o  the value o b t ained from sward cut t i ng t e chni que 

( 2 6 4  kgDM/ha , Table 4 . 5 ) . Simi lar calcula t i on can also be  done 

for P e r i od I I . 

Supplemen t a t ion wi th concen t ra t e  caused pas ture s paring 

e f fe c t , wh i ch migh t  be u t i l i sed a t  a later grazing .  

Supplemen ted cows in the p resen t s t udy l e f t  264  and 3 9 9  kgDM 

RHM/ha  in Per i ods I and II  respe c t i vely grea t e r  than 

unsu pplemen t ed cows , when the amoun t of concen t ra t e  consumed was 

1092 and 1240 kgDM/ha in Periods I and II respec t i vely . From 

the above f igures , subs t i t u t i on rate  can be calcula ted  as 

264/ 1 09 2  0 . 24 and 399/ 1 240 0 . 3 2 kgDM/kg concen t ra t e  DM 

consumed for Periods I and II respec t i vely . The amoun t o f  RHM 

lef t due to supplemen tat ion represen ts  an average 3450 MJ ME/ha . 

I f  a l l  RHM le ft  would subsequen t ly be u t i l i sed , approxima t ely 

690 kg of m i lk o r  approxima t e ly 1 00 kg of gain would be p roduced 

from that  amoun t of  RHM/ha . However such RHM i s  no t always 

u t i l i sed and the pas ture may become aged and be of  low qual i ty .  

I n  add i t i on t o  an increase i n  RHM due t o  concen t ra t e  

supplemen t a t i on ,  there was also a n  evidence tha t feed i ng o f  

concen t r a t e s  migh t allow a farm t o  have a h igher s to ck i ng ra t e  

( Hu t t o n , 1 966 ) .  In  Hu t t on ' s t ri al supplemen t a t i on wi t h  1 250 kgDM 

concen t ra t e  per hec t are during early lac t a t i on allowed s t o cking 

ra t e  t o  i ncrease from 3 . 75 cows /ha t o  5 cows/ha w i thou t any 

e f f e c t  on per cow produc t i on bu t m i lk f a t  per h e c tare  was 

increased f rom 4 7 0  kg to  616 kg over the whole lac ta t i o n  p e r i od 

o f  3 7  weeks . 
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The increase in RHM due to  concen t r a t e  supp lemen t a t i o n  

c o u l d  i ncrease t h e  amoun t o f  pas ture growth  i n  t h e  subsequen t 

p e r i od ( Brougham , 1970 ; Hoogendoorn , 198 7 )  due t o  a h i gher leaf 

area i ndex ( LAI ) .  However a h i gher herbage mas s would resu l t  in  

swards hav ing a greate r  percentage o f  reprodu c t i ve t i llers 

d u r i ng the experimental pe r i od ( s pring ) , and t hus a gre a t e r  

per c en t age of  s t em and cons equen t ly a grea t e r  percen t age o f  

s cenes c ent ma t t er , all o f  wh i ch would reduce t he qual i ty o f  

herbage ( Hoogendoorn , 1 98 7 ) . The recommended level o f  RHM whi ch 

no t only g i ve a reasonable n e t  herbage accumu l a t ion ra t e  bu t 

g i v e  a high leafy , qual i ty pas ture in  s p r i ng and subsequen t 

p e r i od , no t ably early summer ,  was app roxi ma t ely 1 600 kgDM/ha 

( Hoogendoorn , 1 987 ) wh i le the 2200 kgDM/ha sugges t ed by Thomson 

( 1 985 ) seems rather high . In the pres ent s t udy the RHM of the 

CF t rea tmen t in Per iod I was close to Hoogendoorn recommended 

level ( 1569  kgDM/ha ) bu t in  Period II  i t  was much grea ter  ( 2650 

kgDM/ha ) wh i ch would resul t in swards having a low qual i ty i n  

t h e  subsequen t pe riod . 

Supplementat i on reduced the degree o f  d e f o l i a t i on by 1 2  

and 1 3% i n  Periods I and I I  respe c t i vely , following the t rend 

r epo r t ed by Bryan t and T r i gg ( 19 8 2 )  and S tockdale and T r i gg 

( 1 985 ) , al though this  e f f e c t  was also influenced by the level o f  

feed ing , type o f  supplemen t and type o f  an imal , reflec t ing the 

level of  subs t i tut ion of  sup plemen t for  herbage . 
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5 . 2  EFFECT OF CONCENTRATE SUPPLEMENTATI ON ON  MILK PRODUCTI ON AND 

COMPOSITION . 

5 . 2 . 1  M i lk Yield 

The prime obj e c t i ve of the presen t s tudy was t o  d e t e rmine 

t he e f f e c t  o f  concen t r a t e  supplemen t a t i on on ani mal performance . 

A l t hough mos t experimen t s  have always repo r t ed the response in  

terms o f  kg milk p e r  kg concen t ra t e  OM eaten (Table 5 . 2 ) , the 

res ponse in terms o f  kg mi lk per kg ex t ra OM ea t en will also be 

i nc luded in  the presen t s tudy ( Table 5 . 4 ) s i nce  i t  w i l l  g i ve a 

measure o f  the response wh i ch can be in terpre t ted in  b i ologi cal 

t erms . 

Concen trate supplemen t a t i on increased y i elds o f  m i lk and · 

i t s cons t i tuen ts  in  the presen t s t udy , exc e p t  for fat  y i eld i n  

Per i od I .  Cows consumed s i milar amoun t of  concen trates o f  6 . 7  

kgDM produced 17% and 2 7 %  more m i lk than unsupplemen t ed cows , in  

P e r i ods I and II  respe c t ively . The mean response to  1 kgDM 

conc en t r a t e  consump t i on was 0 . 3 3 and 0 . 48 kg m i lk in Peri ods I 

and I I  respe c t ively ( average 0 . 40 kg o f  milk per kg concen t ra t e  

OM , Table 4 . 9 ) ,  wh i ch were i n  t h e  range of  responses repo r t ed by 

Leaver e t  al . ( 1968 ) and those summarised in Table 5 . 2  ( 0 . 32 and 

0 . 68 kg m i lk/kgDM concen t ra t e  respec t ively ) . In  the exper i men t s  

revi ewed by Leaver e t  al . ( 1 968 ) the mean response i n  m i lk yield 

was 0 . 32 kg/kg inc rease in  concen t ra t e  OM . Journe t and 

Demarqui lly ( 19 7 9 )  revi ewed ten experimen t s  where cows were 

i n i t ially yi eld ing over 25  kg/day m i l k ,  and showed the mean 



9 4  

response in mi lk y i eld o f  0 . 4  kg mi lk/kg of add i t ional 

c oncen t rat e . The present resul t s  are generally s imilar to t ho s e  

repo r t ed i n  t h e  l i t e ra t ure . 
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Table 5 . 2  Change in  yields o f  milk ( kg/kgDM supplemen t )  and i t s 

cons t i t uen t s  ( grm/kgDM supplemen t )  per uni t o f  

add i t i onal Hay , Si lage o r  Concen t r a te t o  graz ing cows . 

Re f erence 

and Exp . 

d e t ai ls 

I • h I • 
s 

I • 
t 

s • 
r 

Res ponses 

M i lk Fa t Pro t . La c t .  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - -

Hay SNF 

S t ockdale  30  9 . 4  1 . 2  9 . 1  1 . 25 -0 . 83 +29  -28  

et  al . ( 1 9 8 1 )  29 9 . 4  2 . 8  9 . 5  0 . 96 -0 . 07 + 4  -5  

Early lac t . 25 8 . 3  5 . 3  12 . 3  0 . 24 0 . 00 +12  +7  

22  7 . 9  7 . 0  1 3 . 0  0 . 2 7 +0 . 1 0 + 4  + 6  

1 5  6 . 8  8 . 2  12 . 6  0 . 2 9 +0 . 56 +17  +49  

14  6 . 9  9 . 2  1 3 . 4  0 . 28 +0 . 14 -3  + 1 0  

Ph i l l i ps E HSR 1 3 . 4  1 . 5  14 . 3  0 . 40 +0 . 93 

and Leaver LSR 1 4 . 0  1 . 3  15 . 1  0 . 15 +0 . 92 

( 1 985 a )  M HSR 1 2 . 2  1 . 7  12 . 6  0 . 7 6 + 1 . 1 2 

LSR 1 2 . 2  1 . 5  1 3 . 0  0 . 47 +0 . 40 

L HSR 9 . 1  1 . 8  10 . 5  0 . 22 +0 . 6 1 

LSR 1 0 . 0  1 . 6  1 1 . 7  0 . 00 +0 . 37 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MEAN ( Hay ) 23  1 0 . 0  3 . 6  1 2 . 3  0 . 44 

S i lage 

Bryan t ( 1978 ) 20 7 . 5  8 . 8  13 . 1  0 . 36 

� i l ted 20 7 . 5  7 . 8  12 . 5  0 . 3 6 

+0 . 35 +10 + 6  

- +19  

- +20  
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B ryan t  and E 15  8 . 8  2 . 1  10 . 2  0 . 3 3 +0 . 29 + 2 9  +4  + 15 

Trigg ( 1 982 )  1 5  8 . 8  4 . 0  1 1 . 1  0 . 42 +0 . 45 + 2 3  + 1 7  + 2 6  

P h i l l i ps E 12 . 5  1 . 7  1 2 . 0  1 . 30 -0 . 1 8 +8  -5 -8  

and Leave r  12 . 5  4 . 0  1 3 . 1  0 . 85 -0 . 25 + 7  - 1 1  - 1 1  

( 1985b )  1 2 . 5  5 . 8  1 3 . 0  0 . 9 1 -0 . 1 7 +6  -6 -8 

L 10 . 2  4 . 1  11 . 5  0 . 68 +0 . 15 +8  +6  + 8  

10 . 2  10 . 4  1 3 . 0  0 .  7 3  +0 . 04 + 6  + 1  + 3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MEAN ( S i lage )  10 . 0  5 . 4  12 . 2  0 . 66 +0 . 05 +14  +1  +4  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - - - - - - - - --

Concen t r a t e  SNF 

J enning and HSR 12 . 6  4 . 0  1 6 . 5  0 . 0 3 +0 . 52  +13  +46  

Holmes ( 1 984 ) 12 . 6  4 . 0  16 . 2  0 . 13 +0 . 6 7 +14  +52  

Early lac t .  LSR 12 . 0  5 . 0  1 6 . 4  0 . 15 +0 . 42 +18  +36  

Set  s t ock ing 12 . 0  5 . 0  15 . 7  0 . 3 2 +0 . 48 +4  +43  

Arriga-Jordan 33 18 . 1  6 . 0  2 1 . 2  0 . 3 6 +0 . 52 + 3  + 4 3  

and Holmes 22 15 . 3  6 . 0  19 . 4  0 . 1 3 +0 . 50 +5 +45  

( 1986 )  

S t ockdale and 15 8 . 0  1 . 8  9 . 9  0 . 00 +1 . 60 +72  + 7 2  

T rigg ( 1 985 ) 26 10 . 6  1 . 8  10 . 7  0 . 94 + 1 . 20 +56 + 2 8  

Late  lac t . 15  8 . 0  3 . 6  1 1 . 6  0 . 00 +0 . 78  +42 + 3 3  

2 6  10 . 6  3 . 6  1 2 . 6  0 . 43 +0 . 8 3 +37 + 3 1  

1 5  8 . 0  6 . 3  1 2 . 8  0 . 23 +0 . 7 0  +19 +22 

26 1 0 . 6 6 . 2  14 . 9  0 . 30 +0 . 55 +24 +24 



S takelum 

( 1 986a ) 

S takelum 

( 1 986b )  

S t akelum 

( 1 986c )  

G rainger 

( 1 987 )  

Early lac t . 

MEAN ( Cone . )  

M 14  12 . 8  3 . 2  15 . 1  0 . 59 +0 . 6 1 + 1 7  + 2 1  

2 1  16 . 9  3 . 2  18 . 2  0 . 28 +0 . 2 2 + 2  + 1 1  

E 14  12 . 2  3 . 5  14 . 4  0 . 37 +0 . 28 

2 1  15 . 4  3 . 7  1 7 . 5  0 . 43 

L 15  1 1 . 9  

22  15 . 1  

8 6 . 1  

1 7  11 . 8  

33  15 . 9  

3 . 8  15 . 1  0 . 33 +0 . 50 

3 . 8  16 . 8  0 . 68 

3 . 2  9 . 3  0 . 00 +0 . 9 7 

3 . 2  14 . 2  0 . 27 +0 . 6 9 

3 . 2  16 . 9  0 . 69 +0 . 3 1 

+ 1 9  

+ 1 6  

20 12 . 2  4 . 0  15 . 0  0 . 32 +0 . 68 + 2 3  + 2 8  

9 7  

Present s tudy 20 1 1 . 8  6 . 7  1 6 . 7  0 . 27 +0 . 33 +9  + 2 0  + 1 9  

24 12 . 2  6 . 7  15 . 7  0 . 48 +0 . 48 +20  +26  + 2 8  

MEAN 22 12 . 0  6 . 7  1 6 . 2  0 . 37 +0 . 40 + 1 4  +23  +23  

• As i n  Table  5 . 1 and 

I
t 

= To tal intake of supplemen t ed cows ( kgDM/ cow/d ay ) .  
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However , when the response in the p resen t s tudy i s  

exp ressed in  t e rms of  kg ex t ra milk produced per k g  ex t ra OM 

e a t en , t h i s  represents  0 . 45 and 0 . 92 kg o f  m i lk/kg ex t ra f eed OM 

e a t en in Periods I and II respec t i vely , being an average o f  0 . 68 

kg m i lk/kg ext ra OM , whi ch i s  sligh t ly lower than a mean 

r espons e summari sed in Table 5 . 4  ( 0 . 87 kg milk/kg ex t ra OM 

e a t en ) . 

The rela t ively small response in milk y i eld  t o  

s upplemen tary concen t ra t es when exp ressed a s  k g  m i lk/ kg 

c oncen t ra t e  DM eaten , compared w i t h  response from ex t ra feed DM 

e a t en whi ch was reported in the present s tudy ( Table 4 . 9 ) and in  

mos t experimen ts  (Table 5 . 2  and 5 . 4 )  was probably due  t o  the  

fac t that  when concen trate s  were e a t en the  i n t ake o f  he rbage 

d ec reased so  tha t  the an i mal ' s  t o tal i n t ake of DM was i nc reased 

by less than the quan t i t y of concen t rates  eaten . Th i s  e f fec t 

may be seen in the resu l t s  o f  experimen t s  summarised  in  Table 

5 . 1 .  Vhen t he mean concen t ra t e  supplement DM of  4 . 2  kg was 

g i ven to graz i ng cows and the mean subs t i t u t i on r a t e  was 0 . 35 

kgDM herbage/kgDM supplemen t ,  the t o tal in t ake o f  DM by the cows 

i nc reased only 2 . 7  kgOM , represen t i ng 0 . 6 1 kg i ncrease in t o t al 

OM i n t ake /kgDM supplemen t .  Compared wi th  those experi men t s  

s ummar i s ed in  Table 5 . 1 ,  the average t o tal DM i n t ake o f  

supplemen t ed cows increased b y  4 . 2  kg , represen t i ng 0 . 65 kg 

i ncrease in to tal DM i n t ake/kgDM concen t ra t e , when 6 . 7  kgDM o f  

concen t ra t es were consumed i n  t h e  presen t s t udy . 



99 

Table 5 . 3  Changes in concen t ra t i ons of m i lk cons t i tuents  ( % ) , 

l i veweigh t  ( grm/kgDM supplemen t )  and body cond i t ion 

s core ( uni ts /mon t h )  per un i t  o f  add i t i onal Hay , S i lage 

or Concen t ra t e  to  graz ing da i ry cows . 

R efe rence 

and Exp . 

d e t a i ls 

I * I * 
s t 

%fat 

Responses 

%p ro . %lac . LW change CS change 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Hay 

S t o ckdale 

e t  al . ( 198 1 )  

Early lac t . 

P h i l l i ps 

and Leaver 

( 1 98Sa ) 

MEAN ( Hay ) 

1 . 2  9 . 1  +0 . 47 

2 . 8  9 . 5  +0 . 08 

5 . 3  12 . 3  + 0 . 07 

7 . 0  13 . 0  o . oo 

8 . 2  12 . 6  -0 . 04 

9 . 2  13 . 4  -0 . 05 

1 . 5  14 . 3  

1 . 3  15 . 1  

1 . 7  12 . 6  

1 . 5  13 . 0  

1 . 8  1 0 . 5 

1 . 6  1 1 . 7  

3 . 6  12 . 3  +0 . 09 

SNF 

+0 . 3 7 

+0 . 08 

+0 . 05 

-0 . 02 

-0 . 01 

-0 . 01 

+0 . 08 

MASSEY UNIYERSIJY 
LIBRARY. � 

-342 

- 1 1 7  

-29 

+51 

+ 1 2  

+ 6 6  

+40 -0 . 01 

+46 +0 . 04 

-159 +0 . 01 

+27  +0 . 04 

+ 3 3  +0 . 04 

+200 +0 . 1 1 

-14  +0 . 04 



S i lage 

B ryan t ( 1978 ) 8 . 8  1 3 . 1  +83 

+ 7 0  \.T i l ted 7 . 8  1 2 . 5  

B ryan t and 2 . 1  10 . 2  +0 . 02 -0 . 02 0 . 00 + 1 6 7  

Trigg ( 1982 ) 4 . 0  1 1 . 1  -0 . 0 1 +0 . 0 1 +0 . 01 +275  

Ph i l l i ps and 1 . 7  12 . 0  +0 . 08 +0 . 01 0 . 00 -135  

Leaver 

( 1 985b )  

4 . 0  1 3 . 1  +0 . 08 -0 . 01 0 . 00 

5 . 8  1 3 . 0  +0 . 06 0 . 00 0 . 00 

4 . 1  1 1 . 5  0 . 00 0 . 00 +0 . 02 +83  

10 . 4  13 . 0  +0 . 03 0 . 00 +0 . 01 +68 

MEAN ( S i lage ) 5 . 4  1 2 . 2  +0 . 04 0 . 00 0 . 00 + 7 3  

Concent rate 

Jennings and 4 . 0  1 6 . 5  -0 . 03 

Holmes ( 1984 ) 4 . 0  1 6 . 2  -0 . 04 

Early lac t .  5 . 0  1 6 . 4  0 . 00 

S e t  s t ocking 5 . 0  15 . 7  -0 . 08 

Arriga-Jordan 6 . 0  2 1 . 2  -0 . 05 

and Holmes 6 . 0  19 . 4  -0 . 04 

( 1986 )  

SNF 

o . oo 

-0 . 02 

0 . 00 

0 . 00 

o . oo 

+0 . 01 

+100 

+132  

+104 

+ 7 0  

+ 1  

+ 2  

1 00 

+0 . 01 

+0 . 03 



S tockdale and 

Tr i gg 1985 ) 

La t e  lac t . 

S t akelum 

( 1 9 86a)  

S t ake lum 

( 1 9 8 6 b )  

S t akelum 

( 1 9 8 6 c )  

1 . 8  9 . 9  -0 . 12 +0 . 15 

1 . 8  10 . 7  -0 . 04 -0 . 09 

3 . 6  1 1 . 6  +0 . 1 1 +0 . 07 

3 . 5  1 2 . 6  -0 . 04 +0 . 03 

6 . 3  1 2 . 8  -0 . 1 2 +0 . 08 

6 . 2  14 . 9  -0 . 04 +0 . 06 

3 . 2  15 . 1  -0 . 10 -0 . 02 

3 . 2  18 . 2  -0 . 07 +0 . 03 

3 . 5  14 . 4  

3 . 7 1 7 . 5  

3 . 8  15 . 1  

3 . 8  1 6 . 8  

- +0 . 05 

0 . 00 

MEAN ( Cone . )  4 . 0  15 . 0  -0 . 05 +0 . 04 

Pres ent  s tudy 6 . 7  1 6 . 7  -0 . 01 +0 . 07 +0 . 0 1 

6 . 7  15 . 7  -0 . 01 +0 . 05 +0 . 01 

MEAN 6 . 7  1 6 . 2  -0 . 01 +0 . 06 +0 . 0 1 

* As in  Table 5 . 1  

1 0 1  

+51 

-56 

+239 

+ 1 1 1  

+225 

+8 

+67 

+93 +0 . 02 

+24 +0 . 05 
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A n  animal ' s  response t o  supplement ary feeding has been 

shown to  d epend largely on the overall feed ing level and on the 

in i t ia l  herbage i n take o f  unsupplemen t ed cows ( Leaver e t  

al . , 1 968 ; Bryan t , 1978 ; S to ckdale e t  al . , 1981 ; B ryan t and 

Trigg , 198 2 ; S t ockdale and Trigg , 1985 ; Phi l l i ps and 

Leaver , 1985a , b ; S takelum , 1986a ; Gra i nger , 1987 ) . Jennings and 

Holmes ( 1984 )  reported the mean response in m i lk yield of 0 . 5  kg 

to 1 kgOM concen t rate feed ing where unsupp lemen ted cows consumed 

ave rage 1 2 . 3  kgOM o f  herbage and the mean to t al OM i n t ake o f  

supplemen t ed cows was 16 . 2  kg . A t  comparable herbage OM i n t ake 

of  unsupplemen t ed cows o f  1 2  kg and to tal OM i n t ake o f  

supp lemen ted cows o f  16 . 2  kg , the mean res ponse i n  m i lk y i e ld t o  

concen t ra t e  supplementat i on i n  the present s t udy was 0 . 4  kg 

m i l k/ kgOM concen t rate . 

However , when the res ponses are expressed in  terms o f  kg 

mi lk/kg ex t ra OM eat en , the res ponse in  the presen t s t udy i s  

s i m i lar  t o  those o f  Jennings and Holmes ( 1 984 ) , represen t ing 

0 . 68 and 0 . 60 kg of milk per kg ex t ra OM cons umed for the fo rmer 

and the  la t t e r  respec t i vely . 

A t  a comparable supplement consump t i on , res ponse has been 

shown t o  be  grea ter at  low than a t  high allowance o f  herbage 

( S takelum , 1 98 6 , a ; Grainge r , 198 7 ) . Grainger ( 198 7 )  observed the  

response o f  0 . 97 k g  mi lk/kg concent ra t e  OM a t  very low h e rbage 

allowance of 8 kgDM/ cow/day , compared w i t h  a response of 0 . 3 1 kg 

mi lk/kgOM concen t rate  observed at an allowance of 3 3  

kgDM / c ow/day . Greater responses , o f  more than 1 kg m i lk/kg 
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c oncen t ra te DM , have observed by Gordon ( 197 9 ) , and Le Du and 

New Berry ( 1982 ) , at very low allowances . Increases i n  m i lk 

y i e l d  t o  concen t ra t es may be larger at  low allowances t han a t  

higher  allowances when expressed a s  kg mi lk/kg concen t r a t e  e a t en 

( Grainge r , 1987 ; see Table 5 . 2 ) . However when expressed as kg 

mi lk/kg ex t ra feed DM ea t en ,  the d i f ference i n  responses b e t ween 

d i f f eren t herbage allowances may be small . Thi s  is due t o  

d i f f e rences i n  subs t i tu t ion  ra te a t  d i f ferent levels o f  herbage 

allowance .  The di f ferences in level of herbage al lowance in the 

present s tudy were imposed at d i f ferent per i od s , theref o re , m i lk 

response be tween periods could no t be compared . 

Al though a hi gh concen tra t e  supplemen t was consumed i n  the 

present s tudy , it  is  unl i kely that the mi lk response was 

a f fec t ed by the rela t i ve ly high level of concen t ra t es fed . A t  

a n  ave rage allowance o f  20 kgDM/ cow/day and a n  average herbage 

i n take of unsuppleme n t ed cows of 12 . 2  kgDM/day from s even 

expe r i men ts  revi ewed where cows were fed an average 4 . 0  kgDM 

concen t ra t es , the mean res ponse in m i lk yield was 0 . 68 kg/kgDM 

concen t r a t e  (Table 5 . 2 ) ,  represen t ing 0 . 87 kg/kgDM extra  e a t en 

( Table 5 . 4 ) .  In the present s t udy , the mean res ponse o f  0 . 40 kg 

m i lk/kgDM concen trate  (Table 5 . 2 ) , represen t i ng 0 . 68 kg/kg e x t ra 

DM ea t en (Table 5 . 4 ) , was observed where supplemen t ed cows 

c onsumed 6 . 7  kgDM concen t ra te , despi t e  at comparable HA , herbage 

i n t ake o f  unsupplemen t ed cows and subs t i tu t i on rat e  to those  

s umma r i s ed in  Table 5 . 1 .  



104 

Table 5 . 4  Changes in  an imal performances per kg ex t ra feed DM 

References 

and Exp . 

e a t en by grazing da i ry cows . 

HA * I • h r · r · s ·  
s t r 

Responses 

d e t a i ls M i lk* Fa t * Pro * Lac · L�c* 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Jennings and HSR 12 . 6  4 . 0  1 6 . 5  0 . 03 +0 . 5 3 + 1 3  

Holmes ( 19 8 4 )  12 . 6  4 . 0  1 6 . 2  0 . 1 3  +0 . 74 + 1 4  

Early lac t . LSR 12 . 0  5 . 0  16 . 4  0 . 15 +0 . 48 + 1 8  

S e t  s t o ck i ng 1 2 . 0  5 . 0  15 . 7  0 . 32 +0 . 65 +4  

Arriga-Jordan 33 18 . 1  6 . 0  2 1 . 2  0 . 36 +1 . 00 +6  

and Holmes 22 15 . 3  6 . 0  1 9 . 4  0 . 1 3  +0 . 7 3 +7  

( 1986 ) 

S t ockdal e  and 15 8 . 0  1 . 8  9 . 9  0 . 00 +1 . 51  +68  

Trigg ( 1 985 ) 26 10 . 6  1 . 8  10 . 7  0 . 94 

La t e  lac t . 15 8 . 0  3 . 6  1 1 . 6  0 . 00 +0 . 78 +42 

26 10 . 6  3 . 5  1 2 . 6  0 . 43 + 1 . 45 +65  

15  8 . 0  6 . 3  1 2 . 8  0 . 23 +0 . 92  +25 

26 10 . 6  6 . 2  14 . 9  0 . 30 +0 . 82 +35  

+68 

+33 

+54 

+29 

+35 

S t akelum M 14  12 . 8  3 . 2  15 . 1  0 . 5 9 +0 . 85 +24 +29 

( 1986a)  

S t akelum 

( 198 6 b )  

2 1  16 . 9  3 . 2  18 . 2  0 . 28 +0 . 54 +5  +27 

E 14 1 2 . 2  3 . 5  14 . 4  0 . 37 +0 . 47 - +32 

21  1 5 . 4  3 . 7  1 7 . 5  0 . 4 3 

+ 1 0 3  

+ 147  

+ 1 1 8  

+ 9 5  

+ 4 8  

+ 2 3 9  

+ 19 4  

+ 2 9 5  

+ 1 2  

+ 5 6  



S t akelum 

( 1986 c )  

G rainger 

( 1 987 ) 

MEAN 

L 15 1 1 . 9  3 . 8  15 . 1  0 . 33 +1 . 38 

2 2  1 5 . 1  3 . 8  1 6 . 8  0 . 68 

E 8 6 . 1 3 . 2  9 . 3  0 . 00 +0 . 97 

17  1 1 . 8  3 . 2  14 . 2  0 . 27 +0 . 92 

33 15 . 9  3 . 2  1 6 . 9  0 . 69 +0 . 99 

- +25 

20 1 2 . 2  4 . 0  15 . 0  0 . 32 + 0 . B 7  +25  +26  

P resent  s tudy 20 1 1 . 8  6 . 7  16 . 7  0 . 27 +0 . 45 +12  +27  +26  

24 1 2 . 2  6 . 7  15 . 7  0 . 48 +0 . 9 2 +38  +50  +54 

105 

+ 1 0 9  

MEAN 22 1 2 . 0  6 . 7  16 . 2  0 . 37 +0 . 68 +25  +39 +40 +38  

A s  in  Table 5 . 1  and 

Milk = kg of mi lk/kg e x t ra feed DM eaten . 

Fat , Pro t e i n ,  Lac to se  and Livewe igh t  Change grm/kg ex t ra DM 

feed DM ea t e n .  
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The t rial  o f  S t ockdale and Trigg ( 1985 ) even found 

decreases in y i e ld response wi t h  increas ing level of  concen t ra t e  

i n t ake . I t  s eemed probable in  the p resen t s tudy that  level o f  

concen t ra t e  d i d  no t af fec t t he y i eld res ponse .  

Mos t concen t ra t e - feed ing experimen ts i n  Table 5 . 2  and 5 . 4  

used cows whi ch , a t  the s tar t o f  t he exper imen t s , yi elded more 

m i lk than cows in the presen t expe rimen t ,  excep t in the t r ial s  

o f  S t ockdale and Trigg ( 1985 ) , and S t akelum ( 1986a , c ) . S i nce 

the high y i eld ing cows were like ly t o  s how the grea ter  res ponse 

to  supplemen tary feed ing than the low y i elding cows ( Bros t e r  and 

Thomas , 1 98 1 ) , the h i gher response could therefore be achi eved i n  

those exper i men t s .  

Men t i on has al ready been made o f  the rela t i onsh i ps b e t ween 

herbage allowan ce , t o t al OM i n t ake , herbage i n t ake o f  

unsupplemen t ed cows and the levels o f  concen trate  consumed , and 

the m i lk res ponse to kg concen t ra t e  OM ea ten or kg ex t ra feed OM 

consumed . M i lk response var ied accord i ng to  such fac tors  when 

i t  is expressed per kg OM concen t ra t e  eaten . In con t ras t ,  when 

i t  is expressed per kg ex t ra OM eaten , i t  appears t h a t  the 

response is  unl i kely t o  vary accord ing t o  the fac tors d i s cussed . 

A reliable response can there fore be achi eved by express i ng i n  

t erms o f  kg ex t ra mi lk per kg ex t ra feed OM consumed . 
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Calculated energy balance 

Des p i t e  the high add i t i ve e f f ec t s  o f  concen t ra t e  

supplemen t o n  i n t ake ( 0 . 65 kg increase i n  t o tal DM i n t ake/kgDM 

concen t ra t e  eaten ) the increase in m i lk yield  ( 0 . 68 kg mi lk/kg 

ex tra  feed DM e a t en )  was s i m i lar  to the repor t rev i ewed by 

Bryant  and Trigg ( 1 982 ) ( 0 . 5  kg m i lk/kg ex t ra feed DM eaten ) 

when the cows have been eaten ex t ra pas ture . 

Cons i d ering that  supplemen t ed cows ga i ned more l i vewe igh t 

than unsupp lemen ted cows , when t he gai n  i n  l i veweigh t was t aken 

i n t o  ac coun t simple calculat i on showed t ha t  some 64- 7 2% of the 

increased i n t ake o f  ME in  Peri ods I and II was accoun t ed for  by 

the recorded increases in m i lk y i eld and l i vewe igh t  ( Table 5 . 5 ) , 

a l t hough the data d i d  no t allow very prec i s e  accoun t i ng o f  

ene rgy u t i l i sa t i on .  

By theore t i cal calcula t i on and as shown i n  Table 5 . 5 ,  the 

average e f f i ciency wi th  whi ch ME is u t i l i s ed above ma i n t enance 

for m i lk syn thes i s  ( k1 ) of PF cows and CF cows was 0 . 6 2 and 0 . 45 

respe c t i vely . The apparen tly lower calcula t ed e f f i c i ency o f  ME 

u t i l i s a t i on for mi lk of supplemen ted cows t han unsupplemen ted 

cows may a r i se from many fac tors , i nclud i ng an overes t ima t e  o f  

ME i n t ake , an underes t ima t e  o f  l ivewei gh t  gain and reduced 

e f f i c i ency of ME u t i l i s a t i on due to  concen t ra t e  supplemen t a t i on .  
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However , An overe s t i ma t e  o f  ME i n t ake by s upplemen ted  cows 

f rom feed measuremen t s  was unl i kely to occur s ince cu t t ing 

t e chnique provi ded the correspond ing favourable resul t s  i n  bo t h  

per i ods for  calcula t i ng ene rgy u t i l i s a t i on in  unsupplemen t ed 

group in both  per i od s . Concen t rat es were we ighed properly 

before  and af te r  feedi ng . 

I t  is  probable tha t gu t f i l l  may con t r i bu t e  li t t le t o  an 

underes t ima te o f  l i veweight  gain  obtained by supplemen ted cows 

and thus lead ing to  an underes t i ma te of ME concen t ra t i on in the 

gain , s i nce weighing took place in the morning af ter  mi lki ng and 

before meal feeding , and , by measuremen t ,  supplemen t ed cows a t e  

l e s s  pas t ure than unsupplemen ted cows . 

I t  i s  also probable that  ME intake o f  supplemen ted cows 

was less e f f i c i en t ly u t i l i s ed compared wi t h  the unsupplemen t ed 

cows as shown in Table 5 . 5 .  

o f  unsupplemen ted cows 

The less e f f i c i ency o f  

can b e  a t t r i bu t ed that 

u t i l i s a t ion  

when h i gh 

concentra tes we re consumed , the propor t i on o f  pro p i ona t e  

inc reased and that o f  ace t a t e  decreased . Incorpora t i on o f  

energy i n t o  t i ssue f a t  inc reased wi th  a resul tant  depress i on i n  

e f f i c i ency o f  mi lk synt hes i s  (B lax ter , 1 9 67 ) .  
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The reason for the d ecrease in e f f i c i ency whi ch is  the 

d i vers i on o f  nu t r i en t s  t o  body t i ssue rather t han t o  m i lk has 

been conf i rmed by Tyrrel l , 1 980 ; Baldwin and Smi t h , 1 98 3 ) . 

Sut t on e t  al . ( 1 980 ) also observed s evere m i lk fat  depre s s i on on 

the high concen t ra t e  diets  concomi tant  wi t h  increased t i s sue 

energy balance , reduced mi lk energy ou t pu t  and a decrease i n  

e f f i c i ency o f  u t i l i sa t i on o f  d i e tary ene rgy for m i lk produ c t i on .  

Many recen t exper imen ts  also observed simi lar t rend o f  less  

u t i l ised ME in  concen trate  supplemen t ed cows (Jenn i ngs and 

Holmes , l 984 ; Arriga-Jordan and Holmes , l986 ) . 
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Table 5 . 5  Calcula ted energy balance f o r  t h e  two t reatmen t s  i n  

Peri ods I and I I . 

Per i od I 

PF 

To t al DM Intake ( kg/day ) 1 1 . 8  

Es t i ma ted ME Intake ( MJ/ day ) 126  

Gai n  in  Body Energy ( MJ/day ) a  4 

ME for  Mai n t enance ( MJ/ day ) b 49 

ME Ava i lable for M i lk ( MJ/ day ) 73 

Expe c t ed M i lk Energy ( MJ ) c  47 

Ac t ual Mi lk Ene rgy ( MJ ) ct 45 

Apparen t E f f i c i ency o f  ME 

U t i l i sa t ion above 0 . 62 

CF 

1 6 . 7  

190 

10  

48 

132 

86  

54 

0 . 41 

P e r i o d  II  

PF  

12 . 2  

1 2 4  

4 

48  

72  

4 7  

4 3  

0 . 60 

CF 

15 . 7  

1 7 5  

10 

49 

1 1 6 

75 

55 

0 . 47 

a Us ing 35 MJ /kg liveweigh t ga in  ( Holmes e t  al . , 1981 ) . 

b Us ing k 0 . 60 MJ/kg0 · 7 5  ( Holmes e t  al . , 1 9 8 1 ) .  
m - -

c As suming k1 

d Calculat ed 

Reid , 1 9 65 ) . 

0 . 65 .  

from ac tual m i lk yi eld and equa t i on 1 ( Tyrrell and 

e Calcula t ed as M i lk Energy/ME Avai lable for  M i l k .  
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5 . 2 . 2  Y i e lds o f  M i lk Cons t i tuen t s  

In add i t ion t o  the increases i n  mi lk yield , yields  o f  mi lk 

pro t e i n  and milk lac tose were increased by concen t ra t e  

supplement a t i on .  The mean res ponse was 23  grm of  m i lk p r o t e i n  

or  m i lk lac tose  y i eld p e r  kgDM concen t ra t e  ea t en ( Ta b l e  5 . 2 ) . 

Y i e ld o f  m i l k  fat  was unaffec t ed by supplemen t a t i on i n  Per i od I 

bu t i t  was in  Per i od I I , wi t h  the mean response o f  20  grm 

f a t/ kgDM concentra t e .  Thes e res ponses were s i milar  t o  those  

summa r i sed in  Table 5 . 2 .  The increases in  yield o f  m i lk fat  by 

concen t ra t e  supplemen t a t i on were due to increases in m i l k  y i eld  

s ince m i lk fat  concen t ra t i on t ended t o  be  decreased . An 

i ncrease in m i lk pro t ein  yield was due to  bo th increases  i n  m i lk 

yield and concen t rat ion of m i lk protein  whereas an i n c rease in  

yi eld o f  m i lk lac tose was mainly due  to  an  increas e in  m i l k  

yi eld s i nce concen t rate  sup plemen t a t ion had no e f fe c t  on m i l k  

lac t os e  concen tra t i on . 

5 . 2 . 3  Res idual E f fect  on Yields of  M i lk and I t s  Cons t i t uen t s . 

I n  the presen t s t udy the d i f ference in  m i lk yield  

t reatmen t groups v i r t ually d i sappeared wi t h i n  1 

b e t ween 

week o f  

cessa t i on o f  concen t ra t e  feed i ng ( Table 4 . 9  and Figures 4 . 1 ,  

4 . 2 ,  4 . 3  and 4 . 4 ) . The early work i n  New Zealand , Yallace 

( 195 7 )  found the res i dual e f f e c t  o f  80% o f  the i mmed i a t e  e f fe c t  

o f  concen t ra t e  f eeding . The 

unres t r i c t ed than res t r i c ted 

res idual effec t was grea t e r  a t  

pas t ure i n t ake during the 

exper i men t s . In recent Europian t r i als , Yood and Newcomb ( 19 7 6 )  
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repo r t ed t h e  immedi a t e  effect  o f  0 . 68 kg m i lk/kg concen t ra t e  and 

a resi dual e f f e c t  of  0 . 5  t imes the i mmed i a t e  effec t . Compa r i ng 

a f i xed amoun ts  o f  concen t rates over weeks 1-20 , Johnson ( 19 7 7 )  

found 1 . 56 kg add i t i onal mi lk/add i t i onal kg concen t ra te s . Thi s  

was associa t ed wi t h  l i t t le res i dual bene f i cial  effec t .  I n  an 

Aus t rali an experiment where a supplemen t o f  3 . 5  kg mai ze was fed 

during days 1-50 of lac t a t i on ,  Cowan et  al . ( 1 975 ) observed  a 

res idual e f f e c t  as well  as an ini t ial response in  bo t h  m i lk and 

fat produc t i on for the less severe s t o cking ra tes , bu t only an 

i n i t i al response w i th no res idual bene f i t at  the mos t s evere 

s t ocking ra t e  pos s i bly because o f  nu t r i t ional s t ress . The 

i mmed iate  res ponse was 0 . 6  kg m i lk f rom 1 kg maize . In  t he 

resi dual pe r i od the res ponse was 0 . 6  t i mes the immed i a t e  e f f ec t .  

More recen t ly ,  no res idual e f fec t on y i elds of  m i lk and i t s 

cons t i tuen t s  was observed in the t r i als  o f  S t akelum ( 1 986a , b ) . 

The absence , or t he reduced s i ze , of  residual e f f e c t in  

recen t t r i als  was probably a t t ributed  t o  b e t ter  unders tand i ng in  

hus bandry , compared wi t h  in the  pas t .  In  recen t hus bandry , body 

cond i t ion a t  calv ing whi ch was the consequence o f  generous 

feeding before calving is of impo r t ant . In  add i t ion , cows we re  

generally well fed following t he supplemen t a t i on i n  mos t 

exper i men t s . In the present s t udy , l i ke o ther recen t t r i al s , 

c ows were well fed bo th before and a f t er the expe r i men t 

t here fore res idual effect  could no t be obse rved . The recovery 

period was less  than 6 days s ince produc t i on was sampled every 6 

day i n terval . In conclus ion , i f  the  s upply of  herbage i s  

abundan t following the cessa t i on o f  supplemen t a t i on ,  concen t r a t e  
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feed ing had less , shor t - l i ved or no carryover e f fec t o n  y i elds 

of m i lk and i ts cons t i tuen t s ,  provi ded that cows calved in  good 

cond i t i on . 

5 . 2 . 4  Compos i t ion o f  M i lk .  

Concen trate  supp leme n t a t ion had n o  s i gn i f i cant e f fec t on 

concen t r a t i ons o f  milk fat and m i lk lac t o s e  in the present  

s tudy , a l though m i lk fat  concen t rat ion t ended to  be  decreased 

and lac t ose concen trat ion tended t o  be  increased ( Table 4 . 10 ) . 

Concen t r a t i on of  milk pro t e i n  was increased in  bo th per i ods 

( Table 4 . 10 ) . Al though the  early evi dence have shown the 

e f f e c t s  on milk compos i t i on to  be small ( Leaver � al . , 1968 ) or  

t o  be absent ( Johnson , 19 7 7 ) ,  many recent exper imen ts  observed 

depres s i ons in fat concen t ra t i on wi th  concen t ra t e  

supplemen tat ion ( J enn ings and Holmes , 1 984 ; Arriga-Jordan and 

Holmes , 1986 ; S t akelum , 1 986a ) . The depres s i on in m i lk fa t 

concen t r a t ion when concen t ra t es were fed was sugges t ed t o  be due 

to  an increased supply of glucogeni c  precursors in the form o f  

propi oni c acid and a decreas ed supply o f  l i pogen i c  precursors , 

namely ace t i c  acid  and bu tyric  acid ( Su t ton , 1 9 8 1 ) .  An increase 

in supply o f  pro p ion i c  ac i d  has been ind i ca t ed to s t i mula t e  the 

syn t hes i s  o f  m i lk pro t e i n  in the i n fus i on s t ud ies , thereby 

caus i ng an increase in protein concen t ra t i o n  ( Rook and 

Balch , 196 1 ) .  Th is  usually took place in  assoc i a t i on w i t h  

reduced e f f i ci ency of  energy ut i l i s a t i on .  The only t r i al in  

whi ch ground mai ze was fed observed ah inc rease i n  m i lk pro t e i n  

concen t r a t i on wi t h  small increase in propionic  a c i d  ( Su t t on e t  
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a l . , 1980 ) . In addi t ion , Su t ton ( 1981 ) sugges ted t ha t  mai z e  was 

d iges t ed more s lowly t han wheat  and barley , and i t  p roduced a 

h i gher ra t i o  o f  ace t a t e  t o  prop i ona t e  in  the rumen and a h i gher 

m i lk fat  concen t rat i on . 

However , the absence of  a s ign i f i can t e f f e c t  o f  

concen t ra t es on m i lk f a t  concen t ra t ion i n  t h e  present s tudy was 

probably due to  the complex i ty of comme rcial  meal al though i t  

apparen t ly compr ised mainly oa t s , mai z e , whe a t  and barley wi t h  

varying propor t i on . The varying propor t i on o f  such produc t s  o f  

grain may cont ribu t e  t o  the var i a t ion in  produc t s  o f  d i ges t i on , 

no tably probably higher ra t i o  of  ace t a t e  t o  p r o p i ona t e  caused by 

mai z e .  Thus i t  preven t ed the depress i on in f a t  concen t rat i on . 

Men t i on has also already been made that  pro t e i n  

concen t r a t i on would b e  i ncreased by mai z e  there fore increased 

pro tein  concen t ra t i on in  the present s t udy was probably caused 

by a high propo r t i on o f  mai z e  as we ll  as  h i gh propo r t i on o f  

o t her cereals which produced a h i gh propo r t i on of  glucogeni c  

precursor s . I t  i s  also probable that o t her i ngredi en t s  i n  the 

concen t r a te mixt ure may be involved in the varying rate  and end 

products  of  d iges t i on . The absence o f  any e f fe c t  on lactose  

concen t ra t i on was cons i s t e n t  wi t h  many o ther f i nd i ngs but  i t  is  

no t always separately repor t ed from  SNF concen t r a t i on .  

In  the presen t s t udy only concen t ra t i on o f  pro t e i n  showed 

s ho r t -l ived res i dual e f fec t , in week 1 but  no t week 2 ,  followi ng 

supplemen t a t i on whereas concen t r a t i ons o f  fat and lactose d i d  
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no t .  The short - l i ved res i dual e f f e c t on pro t e i n  concen t ra t i on 

was probably r e f lec t ed the s ign i f i can t increase i n  i ts 

concen t ra t i on during supplemen t a t i on . Some experimen t s  rep o r t ed 

no res idual e f f e c t  on milk compos i t ion ( S t akelum , 1986a , b , c ) .  

Un for tuna te ly , repor t s  o f  a numbe r  o f  t r ials did  no t i n clude 

in forma t i on rega rd i ng m i lk compos i t i on . 
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5 . 3  EFFECT O F  CONCENTRATE SUPPLEMENTATION O N  LIVEVEIGHT AND 

BODY CONDITION SCORE . 

The pa t tern of  l i veweigh t change over the  lac t a t i on i s  

well defined . Commonly there i s  a fall i n  l i vewe igh t i n  the 

f i rs t  few weeks after calving followed by a period o f  gai n .  

Supplemen t a t i on has been shown t o  reduce livewe i gh t  loss o r  even 

i n c rease l i vewe igh t  ga in  in early lac t a t i on ( Bros t e r  and 

Thomas , 1 98 1 ;  B ryan t and Trigg , 198 2 ) . 

Although supplemen t ed cows in  t he presen t s t udy ga i ned on 

average 160  grm/day ( Table 4 . 1 1 )  more than unsupplemen t ed cows , 

b o t h  groups showed a s i m i lar  t rend o f  li vewe igh t  change over the 

exper i men tal period ( F igure 4 . 9 ) .  There was a gradual fall 

during week 1 and 4 ,  t hereaf ter both  groups gai ned weigh t  over 

the res t period . Th is  was in agreemen t wi th  the  common accep ted  

p a t t e rn . 

The res ponse in li vewe ight change due t o  concen t r a t e  

supplemen t a t i on in the present s tudy was 24 grm/kgDM concen t ra t e  

ea t en o r  38  grm/kg ex t r a  feed DM eaten , whi ch was much lower 

than the res ponses summari sed in Table 5 . 3  and 5 . 4 ,  being 9 3  

grm/kg concen t ra t e  DM e a t en or 1 0 9  grm/kg e a t r a  feed D M  ea t en . 

B ryan t and Trigg ( 1982 ) reviewed the response in l i vewei gh t  

change t o  ex tra  feed DM ea t en o f  150 grm/kg . The reason for the  

m uc h  lower response i s  probably due t o  the underes t ima t e  of  

l ivewe igh t  change in the presen t s tudy . 
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The d i f ference in  l iveweigh t between supplemen t ed cows and 

unsupplemen ted cows per s i s t ed from the cess a t i on of concen t ra t e  

feed ing through week 5 after  t he cessa t ion , the las t week o f  

measuremen t ,  thereaf ter . Thi s  represen t ed the benef i t whi ch 

supplemen t ed cows o b tained over unsupplemen t ed cows . The amoun t 

o f  1 60 grm/day bene f i t during the exper imen t al per i od would 

probably be u t i l ised to  produce milk in  the subsequen t period or 

in  the nex t  lac t a t i on . Th is  was suppo r t ed by t he f i nd i ng o f  

Hancock ( 1954 ) wh i ch reported an increase o f  15% in  m i lk 

produc t i on from supp lemen t ary concen t r a t e  fed over 3 years under 

New Zealand graz ing cond i t ions . However Cowan et al . ( 1 9 7 5 ) , i n  

Aus t ral i a ,  examined by covariance analys i s  t he e f f e c t  o f  

supplemen tary feed ing in  e arly lac t a t i on o n  performance i n  t he 

subsequen t lac t a t i on and repo r t ed no signi f i can t e f fec t s . 

The data recorded in the presen t s tudy d i d  not  allow the 

u t i l isa t i on of body reserve in the subsequen t period t o  be  

analysed . The bene f i t of  livewe igh t and cond i t i on score would 

be carr i ed to  the nex t  lac t a t i on as cows calving in  be t te r  

cond i t i on should produce more m i lk in  lac t a t ion  (Grainger e t  

a l . , 1 98 2 ) . 
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CONCLUSION 

In  Periods I and II  res pec t ively , Concen tra te feedi ng 

increased m i lk yield  by 0 . 33 and 0 . 48 kg/ kg concen trate  DM e a t e n  

o r  0 . 45 and 0 . 92 kg/kg e x t r a  feed DM e a t en , i ncreased m i lk f a t  

y i eld by 9 and 1 2  grm/kg concen trate  D M  e a t en or 12  and 3 8  

g rm/kg ext ra feed DM eaten ,  increased mi lk  pro t e in yield  by 2 0  

and 2 6  grm/kg concen t r a t e  DM eaten or  2 7  and 50 grm/kg ex t r a  

f eed D M  eaten , and increased milk lac tose  yi eld by 1 9  and 2 8  

g rm/kg concen t ra t e  D M  eaten or 26  and 5 4  grm/kg ext ra feed DM 

e a t en .  

M i lk pro t ein concen t ra t i on was increased by 0 . 07 and 0 . 05 

% per kg concen t ra t e  DM eaten bu t concen t ra t e  supplement had no 

e f fec t on milk fa t and m ilk lac tose concen t ra t i ons . 

Supplemen ted cows gained 24 grm/kg concen t rate OM e a t en o r  

38  grm/kg ex t ra feed OM eaten more l i veweight  and gained  0 . 05 

uni t s / mon th more cond i t i on score than unsupplemen t ed cows . 

Concen t rate  feed ing ,  in Peri ods I and I I  respe c t ively , 

increased total  DM in take by 0 . 7 3 and 0 . 52 kg/kgDM concen t ra t e  

e a t en , increased t o tal  ME in take by 0 . 7 7 and 0 . 6 1  MJ/MJME 

concen t r a t e  ea t en , reduced herbage in t ake by 0 . 24 and 0 . 44 

kgDM/kgDM concen t r a t e  eaten and increased res i dual herbage mas s 

by 264 and 399 kgDM/ha . 
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The resul t s  i n  the presen t s tudy sugges t  t ha t  a l though i t  

i s  benef i c ial t o  feed concen t ra t e  in  early lac t a t i on , the  

response  i n  terms o f  milk energy and t i ssue energy is  j us t  abou t 

hal f t hat  of  the expe c t ed value f rom energy in t ake . The presen t 

s tudy was conduc t ed in early s p r ing when the supply o f  pas t ure 

was ample . I f  t he pas ture was i n  sho r t  supply , much b i gger 

responses would be expe c t ed . Apa r t  f rom an increase i n  res i dual 

herbage mass , it  is clear that  concen t r a t e  supplemen t a t i on w i ll 

allow an increase in s t ocking ra t e  and thus an i n c rease in 

produc t i on per hectare due t o  an increase in pas t ure 

u t i li s a t i on .  In conclus ion , concen t r a t e  supplemen t a t ion  would 

be more bene f i ci a l  when the supply of  pas ture i s  s ho r t , 

par t i cularly on t hose farms wi th  an early calving d a t e , o r  when 

a farmer wi shes to  incr�as e pas ture u t i l i s a t i on by i ncreas ing 

s t ocking ra te  wi thou t · reducing per cow produ c t i on . I n  the 

longer t erm concen t rate  feed ing might also be wor t hwh i l e  due to  

greater  l ivewe igh t  gain than in unsupplemen ted cows wh i ch could 

be mob i l i sed in the later s t ages . 
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