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ABSTRACT 

A grazing tr ial  was carr ied out to exam i n e  the inter acti v e  e ffec t s  o f  

under feeding  i n  ear l y  l actation  and cow b reeding i ndex o n  m i l k  y i e ld 

and compo s i tion . 

i i  

From the fi ft h  week o f  l ac tation , 1 6  h i gh and 1 6  low b r eed ing  i ndex 

cows wer e  fed at a restr i c ted or  ad l i b i tum feed ing l evel . Digest i b l e  

organ i c  matter i n takes  were e s t imated directly  u s i ng the herbage 

c ut t i n g  techn i que  and indir e c t l y  u s i ng the c hromic o x ide techn i qu e . 

Intake was r educed due to u nder feeding by approx imate l y  45  % .  In 

compa r i son  to cows on  the ad  l i b i tum feeding level , u nder fed cows 

showed red uctions  in milk , m i l kfat and m i l k  protein  y i e lds , m i l k  

prote i n  conc entration , long  c ha i n  fatty a c i d  concentration  i n  the 

m i l kfat  and l i vewe i ght g a i n . Mi l kfat concen trati o n , short chain fa tty  

acid  conc entration  i n  the m i l kf a t  and loss i n  body c o nd i t ion  wer e  

increased . 

Fol l owi ng  the return  of a l l  cows to a g enerous fee d i n g  l evel , 

pr evious l y  u nder fed cows prod uced lower d a i l y  yiel d s  o f  m i l k ,  m i l kf a t  

a n d  m i l k  pro tein  for three t o  fi v e  weeks a n d  g ained m o r e  l i vewe i ght and 

cond i t ion over m id-lactati o n . The r e s i dual  effec t o f  under feeding on  

m i l kfat prod uction was 1 . 0  t i mes the immediate effec t .  Ther e  appe a r ed 

to be no effects  o f  pre v ious under feed ing on milk  composi tion , 

concentrations o f  short cha i n  or long cha i n  fatty a c i d s  i n  the m i l kfat  

o r  di gest i b l e  organ i c  matter  i n take . 

Cow breed ing index  i n te r ac ted wi th t he e ffects o f  und er feeding in  

that h i gh v��sus low b reed i n g  i ndex cows showed ( a )  a smal l er r es i dual  

e ffec t o f  under feed ing on  m i l kfat prod uction ( 0 . 8  versus  2 . 0  t i mes t he 

i mmed iate  e ffect s, r e spec t i v e l y )  and ( b )  a g reater i mmediate  r eduction  

i n  m i l k  protein  concentration  due  to  under feed ing . 
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CHAPTER ONE 

REVIEW OF LITERATUR E 

1 . 1  THE R ES PONSE OF DAI R Y  COWS TO THE I R  LEVEL OF FEEDING 

1 . 1 . 1  Gener al Theor y  o f  Mi l k  Yield  Response to Level  of  Feed i n g  

1 )  The Effects  o f  Feed ing  on Immed iate  Mi l k  Production  

As an  i n c r e a s i n g  amount of  feed energy  is  made  avai l ab l e  to the 

cow in excess o f  her requ i r ements fo r bod i ly  mainten ance , an i n c rease  

in milk  energy output  can  c l ear l y  be  e x pec ted . However , the 

a l ternative use of nutrients  for the d epo s i t i on of l i v ewei ght ( LW )  

mean s tha t i n  the sho rt term there may  b e  no simple rel ation  b etween 

en ergy intake and m i l k  production ( Holmes et al , 1 98 1 ) .  The r esponse 

in  milk  yield to changing  levels  of  feed  intake has b een found to be  

n egati vely c ur v i l i n e ar ( Burt , 1 95 7 ; Broster  and  Thomas , 1 98 1 ) and the 

response in LW change po s i t i vel y curv ili near ( Broster , 1 97 6 ; see  

fi gur e 1 . 1 ). Thi s  is  because as  feed intake i s  inc r eased , the e x tr a  

nutrients  a r e  parti ti oned more toward s  LW than milk  prod uction . The 

joint  response o f  both output pathways to changing i n take i s  l i n e ar i n  

energy terms ( Broster , 1 97 6 ) .  

2) The Effec t s  o f  Feed ing on Sub sequent  Mi l k  Production  

At  any  given  feed i ng l evel , a greater  response in  milk  yield  to  

extra  nutr ients  c an be  e x pected in the l ong term due  to  the pote n t i a l  

avai l ab i l ity o f  tho se nutrients  sto red as  body t i ssue fo r sub sequent 

mob i l i zation i n  support o f  m i l k  prod uction . Studies  show tha t m i l k  

yield  response t o  changing  feed intake i s  st i l l  negati vel y c ur v i l i n e ar 

and general l y  the r esponse at a gi ven feed ing  l evel i s  g reater  than i n  

the short term ( Burt , 1 95 7 ; Broster , 1 97 2 ; Wi ktorsson , 1 97 9 ) .  

3 )  E ffic iency of Mi l k  Prod uction 

The parti t i o n i n g  o f  feed  energy b etween mi l k  prod uction and  LW 

d eposi tion v ar i e s  b e tween cows . Henc e  not a l l  cows operate o n  a s i n g l e  

r esponse curve . At a g i ven l evel of  feed ing , m i l k  y i e l d  r esponse t o  

extra  feed ing  i n c reases  w i th genetic  poten t i a l  ( see figure  1 .  1 )  and 

l actation number  and  decreases  a s  l ac ta t ion  progresses , i n  d i rect  

relation  to current  yield  ( Burt , 1 95 7 ; Broster , 1 97 6 ;  Broster and 

Thomas , 1 98 1 ) .  Ther efor e  cows o f  hi gh c urrent  yield  compared to cows 

of low current y i e l d  par tition  feed energy more towards  m i l k  y i e l d  a n d  

less towards  b o d y  r e ser v e s . Hence , h i gher y i e l d ing cows h a v e  a hi gher 



F IGURE 1 . 1  S i mp l ified  Mod e l  to Desc r i b e  the Relationsh i p  of Food to 

Milk  and Liveweight i n  Dai r y  Cows Accord ing to Response to Level of 

Intake ( from Broste r , 1 976 ) .  
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gross effi c ienc y and m ar g inal effi c i enc y of m i lk p roduction , d efined a s  

fol l ows : 

gross effic i enc y 

marg inal effi c i enc y 

4 )  D i e t  Type 

= M J  energy output X 1 00 
MJ feed energy 1nput 

= MJ extra  milk  energy output 
MJ extr a  feed energ y  1nput 

-r 

X 1 00 
-r 

D i e t  t ype c an affec t  the parti tioning of feed energy and hence the 

response of m i l k  y i e l d  to changes  in the level  of fee d ing ( Gr a i ng er and 

McGowan , 1 982 ) .  In contrast  to the curvil inear  r esponse obta ined w i th 

cows fed on concentr a te/roughage d iets , most d ata tha t  are  a v a i l ab l e  

for pasture  fed cows i nd ic ate  a l inear response i n  m i l k  y i e l d  to 

increases  in fee d i ng l evel  ( Br yant , 1 980 ; Stockd a l e  et al , 1 98 1 ; 

G r ai ng er et  a l , 1 98 2 ) .  

1 . 1 . 2  I mm ed iate  ( Shor t Term ) Effects of Feed i ng i n  Ear l y  Lactation on 

M i l k  Prod uction 

1) Early Lac tation as  a Feed ing Per iod 

Gross effi c i enc y and marginal efficienc y a r e  hi ghe st in e ar l y  

l actation compar ed to subsequ ent st ages ( Hutton , 1 96 3 ; Holmes et  a l , 

2 



1 98 1 ) .  In ear l y  l ac ta tion peak intake l ag s  behind pe ak mil k  yield  and  

body r e serves  are mobilized to  support mil k  output whereas  l ater in 

l ac tatio n mil k yiel d  fal l s  while  intake r emain s hig h  and body r e s e r v e s  

a r e  deposited ( Bin e s , 1 97 9 ; Bryant and  Trigg , 1 982 ) .  If a l l owan c e  is  

made  for such  diffe r ences  in  changing levels  o f  bod y reserves  between 

stages of l actation , differ ences in efficiency  may be expec ted to be 

much smal ler  in the l ong term ( Holmes et a l , 1 98 1 ) .  However , feed 

energy is more efficie n t l y  converted to mil k  dir ectl y ,  r ather  than 

indir ec t l y  via the d e position and sub sequent  mobilization o f  body 

r eserv es  ( van Es , 1 97 6 ; Holmes e t  a l , 1 98 1 ) .  

The r e fore  feeding during ear l y  l acta tio n may be e x pected to have  a 

m aximal immediate effec t  on mil k  production , and it ha s b een conc lud e d  

t h a t  pe ak  yie ld established in ear ly  l ac tation i s  domin ant ove� 

persiste n c y  ( the subsequ e n t  r ate o f  d ecline in milk  yield ) in 

d etermining total l actation yie ld ( Broster and Thomas , 1 98 1 ) . 

Due to the common occ ur ance o f  pasture shortages coincidin g with 

e ar l y  l actation in New Zeal and ,  r esearch has  concentr ated upon the 

e ffec t s  o f  under feeding during  ear l y  l actation on  mil k  production . 

In a summary of  e a r l y  New Zeal and wor k  with g r a zing cows , Gerring 

and Young ( 1 96 1 ) showed that under feeding in early  l actation d ep r e s s e s  

mil k yie l d . However , n o  quantitative conc l u sio ns m a y  be d r awn from 

such wor k  d ue to a l ack  o f  intake data . 

Rec ent  Australasian d ata , summarized in table  1 . 1 , a l l ows 

quantitative anal ysis and on aver age the r e s u l t s  showed that  

i )  a 38% restric tio n o f  OM intake resulted in a 24% r educ tion in  

mil kfat yie l d , and 

ii ) a 1 kg  inc rease in DM intake resulted in an inc rease of 0 . 03 9  k g  

mil kfat and 0 . 1 74 kg  LW . However , such  c hanges  expressed a s  

per centages c an b e  mis l e ading since they m a y  not apply  t o  different  

ab solut e v al ues  of  intake  and mil kfat  yield . Fur t hermore , t he mil k 

yield  response to changes  in feed intake is v ariab l e ,  d e pe nding  on the  

basal  l evel of  nut ritio n , a s  discussed previous l y .  

2 )  The Timing , Dur a tion and Severity o f  Und er feeding and Immediate 

E ffects 

3 

Wor k e r s  have  found that  severity o f  und er feeding in ear l y  l ac t a tio n , 

( in terms of  t he d e g r ee o f  restric tio n o f  d aily intake ) appea r s  to  

affect imm ediate productio n in  a lin ear fashion ( Br yant , 1 98 0 ; 

Stockd a l e  et al , 1 98 1 ) .  

Grainger and Wil he l m s  ( 1 97 9 ) compar ed two levels  o f  intake ( gr a ze d  

pa sture ) ,  a d  libitum ( H )  v ersus  7 . 7  kgDM/cow/day ( L )  for weeks 1 -5 and  

6- 1 0  of  l actation , v ar ying the timing and dur ation of  und er feeding ( L )  



TABLE 1.1 Summary of Immediate Effects on Milkfat Yields and Liveweight (LW) Change from Australasian 
Experiments where Cows in Early Lactation were Grazed on Contrasting Amounts of Pasture (from Bryant 
and Trigg, 1982). 

Levels of Days of Control Milk Reduction(% Control) Response (g/kg DM) 
Source Feeding Underfeeding Yield( kg/d) 

Pat Yield DM Intake Milkfat LW Change 
Stockdale et al (1981) :yearl 7 60 14.6 36 . 39 40 90 

year2 3 60 18.9 33 48 40 90 
Bryant (1980) 4 28 18.1 22 28 51 130 
Bryant and Trigg (1979) :expl 2 21 18.8 12 20 46 570 

expl 2 42 18.5 19 22 49 220 
exp2 2 42 21.2 26 49 40 230 

Bryant (1978/79) 2 28 21.5 17 34 38 so 
Glassey et al (1980) 3 22 16.7 21 41 32 150 
Grainger and Wilhelms (1979) 

HvL 2 35 18.6 22 46 30 72 
HHvLL 2 70 18.6 39 46 52 27 

Hutton and Douglas (1975) 2 28 15.4 11 20 24 -
Moate et al (1980) 2 21 14.0 19 42 34 -
Santamaria et al (1979) 

fresh pasture 3 - 16.4 30 53 26 -

Mean 39 17.8 24 38 39 174 
-- --·-----

I I 
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in 4 t r e a tmen t s  : HH , HL , LH and LL . Immed iate effects  on  m i l k  

prod u c t i o n  ( weeks 1 - 1 0 )  wer e  equ a l  a n d  add i t ive , HL a n d  LH groups 

prod u c i n g  1 1  kg and the LL group 22 kg less milkfat t han the HH group . 

Henc e , wh i l e  the tim ing was un important , the d uration  o f  under feed ing  

i n c r e a sed the  e ffec t s  o f  the same . 

5 

Bryant  and Tr i gg ( 1 97 9 )  o ffer ed an  ad lib i tum past ure  a l l owance  o f  

5 0  k g DM/cow/day  v er s us a r e s t r i c ted a l l owance  o f  hal f t he a r e a  g iven 

for the  ad l i b i tum a l l owance  ( at simi lar herbage mas s ) ,  The 

treatmen t s , beginning  4 weeks i n to l actation were as  fo l l ows : E 3 ,  E 6 ,  

L 3 , L 6 ,  r e str i c tion  for weeks 1 -3 , 1 -6 ,  7-9 and 7-1 2 ,  r especti vel y ,  

with  a control  group wel l  fed throughout l ac tation . I n  agreemen t with  

Gra i nger  and Wilhelms  ( 1 97 9 ), t he d u r ation  o f  under feed in g  was found  to 

increase  i mmed iate e ffec ts s i nce.restr i c tion for 6 weeks r e sulted in  

red uced yields  of m i l k  c onsti tuents of  about twice those  fo r 3 weeks . 

However , i n  contr ast to Gr ainger and Wil helms ( 1 97 9 ) ,  t he timing  o f  

und er fe e d i n g  was a l so importa n t . The e ffects  o f  under feed ing i n c re ased 

with stage  o f  l actation  ( reducti o n s  in milk  yield were obtained  for 

treatmen t s  E6  and L 6  o f  1 0% and 2 0 % ,  r espec tivel y ,  r e l a t i v e  to the 

control ) .  C lear l y ,  t he e ffec t s  o f  timing  on immed iate prod u c t i o n  need 

to be more pr ecisely  d e fi n ed, 

1 . 1 . 3  R e s i d u a l  ( Long Term )  E ffect s  o f  Feeding in Ear l y  Lac tation  o n  

Mi l k  Production  

The  subsequ ent  or  residual  e ffect of  a per iod o f  d i ffe r en t i a l  

fee d i n g  r e fe r s  t o  the e ffect whi c h  i s  measured after the  treatmen t has  

fi n i shed , e x pr essed r e l ative  to the immed iate effec t  measured dur i ng 

the tre atment period . It may be  c alcul ated a s  fol l ows : 

RESI DUAL EFFECT = X TIMES IMMEDI ATE EFFECT ON MILK  PRODUCTION 

( Go rdon , 1 97 6 ) 

The impo r tance o f  e ar l y  l ac tation  as  a feed ing per iod d epend s upon 

the o v er al l  ( total ) e f fect o n  milk production which is most impo r t a n t l y  

determined by any  r e s i d ual  effects i n  add ition to t h e  immed iate e ffec t s  

o n  m i l k  produc t ion . 

1 )  E a r ly New Zeal and Research 

Sev er al New Zeal and exper iments i n  the 1 950 ' s  ex amined the e ffects 

o f  und er feed ing  grazing cows in earl y l actation . These have been 

summar i zed by Ger r i ng and Young  ( 1 96 1 ) a�d Broster ( 1 97 2 ) .  

F l u x  and Patche l l  ( 1 954 ) found that feed ing 1 4  cows a t  40%  o f  t he 
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gr a zed pa stur e/rougha ge r ati ons  o f  the i r  identi c a l  twi n s  d ur i n g  wee ks 

3-8 of l actati o n  r esulted immed iate l y  in increased LW l o s s  and reduced 

m i l k  y i e l d s  and  that d i ffe r ences  in  m i l k  yield  had i n c reased  by the end 

of l actation  ( although thi s was not statisti c al l y  s i g n i f i c ant ) . 

W a l l ac e  ( 1 95 7 ) ,  u s i n g  22 sets o f  i denti cal  twi n s , e x am i n ed the 

e ffects o f  feed i n g  concentr ate s in add ition to pastur e  d u r i n g  weeks 1 -8 

o f  l actatio n . I n  the fi r st year , grazing  wa s r e str icted whi l e  i n  the 

second ye ar , g razing  was on amp l e  pa sture . Producti o n  d i f fe r ences  d ue 

to c o n c entr ate feeding  wer e  v e r y  much  g reater i n  the fi r st year . For 

both year s ,  concentr ate feed ing  was  assoc iated with s a v i n g s  in Ul and  

the r e  was a marked resi d ua l  effe ct of  3-4  times the immed i ate e f fect o n  

m i l k  prod uction. 

Patche l l  ( 1 95! ) ,  u s i n g  22 sets o f  i d entical  twi ns  i n  total ov er two 

year s , looked at the e f fects o f  poor feeding for si x-wee k  per iod s 

imm ed i ate l y  b e fo r e  and a fter c a l v i n g  on grazed pa stur e  and  r oughage s . 

The e f fects o f  under feed ing  in  e ar l y  l actatio n  o n  m i l k  y i e l d  measured . 

ov er the whol e  3 6  week l actatio n  were g reater than when measured onl y  

dur i n g  the per iod o f  treatment . However cows that wer e  poo r l y  fed i n  

earl y  l actation lost n o  more L W  than  the ir wel l  fed counter parts d u r i n g  

weeks 1 -6 o f  l actatio n  a n d  subsequently made the greatest LW g a in s .  

Compa r i ng the r esults between years  for Wal l ac e ' s  ( 1 95 7 ) and 

Patche l l ' s  ( 1 95 7 ) stud i e s  suggests  that the greater the d e f i c it i n  

ear l y  l actation , the g r e ater the r esi dual effect . 

F l u x  and Patchell  ( 1 95 7 ) , u s i n g  1 5  sets o f  i d enti c al twi n s , stud ied 

the e f fects of very short per iod s o f  under feed ing  (5  days and  1 0  days ) 

imm ed i ate l y  a fter c al v ing . Although full lactation y i e l d s  wer e  n ot 

recorded , a r e s i d ual  e f fect from sever e  under fee d i n g  was obse r v ed i n  

the i mmed i ate post tre atment per iod . 

Ger r in g  and Young ( 1 96 1 ) conc l ud ed that l osse s i n c u r r ed d u r i n g  

actual  per io d s  o f  under feed ing  i n  e a r l y  lactatio n  a r e  o n l y  a fr acti o n  

o f  t h e  total l osses r e su lting  from such a pr acti c e .  

2 )  E urope an Re search 

Europe an  e v i d ence has shown that und er feed ing in  e ar l y  lactation not 

onl y  r educes m i l k  yie l d  at that time but a l so l ater in l actati on when 

under feed i n g  has ceased ( Broster , 1 972 ; Broster and Str i c kl and , 1 977 ) . 

I n  a n umber o f  e x periments b y  Bro ster and hi s c o l l eagues ( 1 95 8 ,  1 964 , 

1 96 9 , 1 975 ) ,  these resi dual  effects e�ualled on aver age some four times 

the i mmed iate tr eatment  e f fects . The actual abso l ute s i ze of the 

r e spo n se d epend ed on the abso l ute l evel s of feed ing imposed ( Br o ster , 

1 97 4 ) .  However in  the r e v iew by Broster and Str ickl and ( 1 977 ) not a l l  

exper i ments were abl e  to show a r e s i d ua l  effect from feed ing  i n  e ar l y  
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lactation . 

Lead ing  on from thi s ,  Bro ster  and Thomas ( 1 98 1 ) reviewed l i terature  

in vol v ing  46  worl d-wide  exper imen t s . The  r e s u l ts were d rawn together 

in a gr aph i n  whi c h  the immed iate e ffec t s  on milk yield o f  contrasting  

planes  of  n ut r i ti o n  i n  early  l actation  were plotted against  t he 

r esidua l  e f fe c t s  i n  l ater lactation  when the plane o f  n u t r i t i o n  was 

equal i zed for a l l  animal s .  Most e x per iments  showed a posi t i v e  r e s i d u a l  

e ffect  but a f e w  showed a negati ve e f fec t .  The l ength o f  per iod 

studied in  mid-lactation  and whe ther cows wer e  stall  fed o r  g r azed d id 

not appear to i n f l uence  the outcome . E x per imen t s  were c atego r i zed 

accord ing  to the planes  of nutrition  imposed by the basal  d i e t  d u r i n g  

the immed i a te t r eatment per iod in ear l y  l actation . By r e g r e s s i n g  the 

residual  e f fec ts of contr ast i n g  p l anes  of nut r i tion in  ear l y  l actation  

on the immed iate e ffects fo r eac h  group i t  was  shown that  for low  and  

medium planes  o f  n ut r i t i o n  the r esi dual  effect  was onl y 0 . 55  t imes the  

immed iate e ffe ct , provided that the l atter exceeded 1 . 5  kg m i l k/day . 

For the h i g h  plane  o f  nutrition , no resi dual e ffect was found. 

Mor e  r e c en t l y ,  in �r itain , Le Du and Newberry  ( 1 98 1 ) carr i ed out a 

tr ial  in  whi c h  they  e x amined the i n fluence o f  short and med ium-term 

grass shortage upon m i l k  output when no alte r nati ve feeds  wer e  o ffer ed . 

Using a herd  of  s pr ing-cal v i n g  Br i ti sh , Fr iesian  cows , f i v e  grazing  

sever ity  t r eatments wer e  imposed beg inn i ng approx imatel y  nine  weeks 

i nto lactation  ( three  weeks a fter turnout to pastu r e ) . In  terms o f  

d a i l y  herb age a l l owan c e  o ffered  in a st r i p  g r azing sys t em , the  

treatmen ts consi sted of  

( a )  control , C ( 5 5 gDM/kgLW ) , 

( b )  se vere  r e s t r i c tion , L ( 2 5  gDM/kgLW ) for two or fi ve weeks , and  

(c ) mod erate  r e st r i c tion , M ( 4 0  gDM/kgLW )  for  fi ve o r  e ight weeks . 

Dur i ng the g r a zi n g  season , before and after  the treatmen t s  phase , 

all  cows were offered pasture at the control  a l l owanc e . Results  a r e  

presented i n  tab l e  1 . 2 .  It  can  be  s e e n  t h a t  cow LW was  d epressed 

during the r es t r i c t i o n  per iods  and  that sub sequently LW was r egained . 

Milk  yiel d s were s i gn i fi c an t l y  d epresse d  d u r ing the per iod s o f  

restr i c t i o n  (ex c ept fo r treatmen t M8 ) .  Howe ver , upon r eturn  to 

adequate  quan t i t i e s  of good qual i ty herbage , r ecovery was r apid so that  

d uring  the subsequent  four weeks d i ffer ences i n  milk  yield  wer e  

negligibl e .  

In  a seco nd t r i a l , Le Du and  Newberry  ( 1 982 ) looked at  the 

e ffec ts of fee d i n g  concentr ate suppl emen ts d u r ing the severely  



TABLE 1 . 2 The Effects  upon Mean Da i l y  Mi l k  Yield  and Cow 

Livewei ght of Herb age Rest r i c t i o n  and Suppl ementation  Treatment s  

Rel ative to a Control Treatmen t , both  d u r i n g  t h e  Treatment 

Per iod s and during the Period Fo l l owing Return to Control  Herbage 

A l l owanc e s  ( ad apted from Le Du  and  Newberry , 1 98 1 ; 1 982 - see text  for  

e x p l a n a t i o n  o f  treatmen ts ) . 

TR IAL  1 ( Le Du and Newberr y ,  1 981 ) L2 

restr i c t i o n  phase : -

mean cow  Livewe ight ( kg )  -22 

TR EATMENTS 

L5 M5 

-2 1 - 1 3  

MS 

- 1 4 

8 

mean d a i l y  m i l k  yield  ( % )  - 1 2 ( *** ) -8 (*** ) -7 ( *** ) -3 ( NS ) 

'recover y pha se' ( 4  weeks ) : -

mean cow  l ivewe ight ( kg )  -6 

mean d a i l y  m i l k  yield  ( % )  O ( NS )  

T R I A L  2 ( Le Du and Newber r y , 1 982 ) L2 

r est r ic t i o n  pha se : -

mean c ow l iveweight ( kg )  - 1 8  

mean d a i l y  mil k yield  (% ) - 1 9  

' recovery pha se ' ( 7  weeks ):-

mean cow  l ivewei ght ( kg )  +3 

mean d a i l y  m i l k  yield ( % )  - 1 1 

- 1 5  + 1  

+2 ( NS ) -4 ( NS )  

L2S L5  

- 1 5  - 1 6 

-8 -20 

+8 + 1 2  

-4 - 1 4 

+28 

+5 ( NS )  

L5S 

-8 

-5 

-4 

-3 

r e st r i c ted  pasture  treatm en t s  as i n  t he fi rst t r i a l  ( Le Du and 

Newber r y ,  1 98 1 ) .  Hal f of t he c ows i n  the severely  r e s t r ic ted groups 

wer e o ffer ed concentrates  a t  a r at e  of three and two kg/ cow/day  for the  

two week ( L 2S )  and five week ( L 5S ) r e s t r iction per i od s , r espectivel y .  

From tab l e  1 . 2  i t  can  b e  seen t h a t  c ow LWs wer e  depressed  d u r ing  the  

per iod s of  r e st r i c t i on for all  t r eatments and subsequen t l y  i n c r eased . 

I n  compa r i so n  to the L 2  and  L5  t r e atmen ts o f  t he fi r st t r i a l , t he 

d ep r e s s i o n s  i n  m i l k  y i e l d  wer e  c o n s i d er ably l ar g er and the r ec over y 

from res t r i c ted feed i n g  l e s s  marked . I t  was suggested that  these 

d i f fe r en c e s  may be the  r e s u l t  of  l o w  pasture qua l i t y  in  the  second 

t r i a l . 

Le Du and  Newber r y  ( 1 9 81 )  c o n c l uded that the scope for o ffer ing 

add i ti o nal  feed s profi tab l y  i s  q u i t e  small , due  to the tr ansient  n at u r e  

o f  even severe  past ure  rest r i c ti ons . Conver se l y ,  i t  was  concl uded by  

Le Du  and  Newberr y  ( 1 98 2 ) that  in  the  c ircumst ances  o f  t he i r  t r ial  

( wh i c h  are  n o t  ful l y  under stood ) ,  s uppl ementatio n of  s ever ely  



rest r i c ted grazi n g  d a i r y  cows i s  fin anc i a l l y  v iable . The mag n i tud e o f  

the response appe a r ed to have been affec ted b y  t he prec ise n a t u r e  o f  

the restriction , i n  terms o f  both the qua n t i t y  and qu a l ity o f  herbage  

on  o ffer , and  by h e r b age qua l i t y  during  the  r ecover y per iod . 

3 )  Recent Aust r a l a s i a n  Research 

9 

R ecent  Aust r al a s i an d ata and some o f  the e ar l y  New Zealand  d ata 

refe r r ed to in 1 )  in 1 . 1 . 3  are presented i n  table 1 . 3 . The mor e r ec en t  

data agree wi th  t he fi nd ings o f  Broster and Thomas ( 1 98 1 ) .  I n  most 

cases the r e s i d u a l  e ffects on milk and mil kfat  yield  fall between  o n e  

and zero ( the e x c ept i o n s  be ing Bryan t and  Tr igg  ( 1 979 ) who i n  o n e  o f  

their tria l s  measur ed residual  e ffec ts o n  mi l k  yield and m i l kfat  y i e l d  

o f  2 . 3 and 2 . 9 ,  r espectivel y ,  and Bluett ( 1 97 7 ) who ob tained a r es i d ua l  

effec t  o n  mil kfa t y i e l d  o f  1.5). Measur ed over the whole  o f  l acta t i o n  

the se e ffects were n o t  sign i fi c ant except fo r two instances  ( G r a i n ge r  

and Wi l helms , 1 97 9 ; Stockd ale  et al , 1 98 1 ) .  Bluett ( 1 977 ) obta i n ed a 

sign i fi c an t  resi d u a l  e f fect on  milkfat y i e l d  but thi s  was par t l y  d ue to 

measuremen t s  being mad e over only  90 days fol l owing under-feed i n g  

( Bryant and Tr igg ( 1 97 9 ) .  

Two Aust r a l a s i a n  exper iments , c a r r i e d  out since the review  b y  

Br yant a n d  Trigg ( 1 982 ) and hence n o t  i n c l ud ed in  table  1 . 3, a r e  those 

by Gr a ing�r et a l  ( 1 98 2 ) and Ngarmsak ( 1 984 ) .  Data from G r a inger  e t  a l  

( 1 982 ) are gi ven in  table  1 .4 .  Cows wer e  d i fferenti a l l y  fed on  g r a zed 

pa sture  fo r the fi r st 5 weeks o f  l actati o n . I t  can be  seen that  the  

better  fed cows lost  l e ss cond ition  ( 0 . 4 C . S ) than the  poo r l y  fed c ows . 

The effect o f  t h e  d i fferent l evels  o f  fee d i n g  conti nued beyond the  

treatmen t per iod un t i l  the  loss i n  cond i ti o n  b y  the previo us l y  u n d er fed 

cows was rega i n ed d u r i n g  whi c h  time 7 . 8  kg  less  milkfat was produced i n  

relation  t o  t h e  p r e v io us l y  wel l  fed cows . Th i s  residual  e ffect was 

equal  to 1.3 t i mes t he immed iate e ffec t  o n  m i lkfat productio n . 

I n  Ngarmsak' s ( 1 98 4 ) exper imen t , c ows wer e  o ffer ed past u r e  at  a h i g h  

o r  low a l l owanc e  fo r weeks 8- 1 0  of l actation . Data a r e  presen ted i n  

tabl e  1 . 5 . It  c an b e  seen that the rest r i c t e d  cows lost  cond i t i o n  

dur i ng the per iod o f  r e s t r iction . Subsequen t l y , c ond i t i o n  w a s  r eg a i n ed 

al though t h i s  was l e s s  t han that gained by t h e  prev iou s l y  generous l y  

fed cows . I n  to t a l , t he c ows fed poo r l y  i n  early  l ac tation  produced 

3 . 6  k g  less  milkfat  than  their  wel l  fed counterpar ts . The r es i d ua l  

effe c t  o f  under feed i n g  was only  0 .  1 t imes the  immed iate e ffec t  o n  

milkfat product i o n . 



---- - ------

TABLE 1.3 Effects on Underfeeding in Early Lactation on Immediate(I) and Subsequent(S) Yields of Milk and 
Milkfat (from Bryant and Trigg, 1982) . 

SOURCE Restriction Lactation Effects on Milk Effects on Fat Significance 
(days) (days) on Milk Yieldt(kgf Yieldt(kg) of stt 

I s S/I I s S/I MILK FAT 

Grainger & HL 35 229 261 88 0.3 11.1 9.2 0.8 NS NS 
Wilhelms LH 35 236 191 -177 -0.9 6.2 -0.3 -0.1 NS NS 

(1979) LL 70 206 492 365 0.7 21.9 21.4 1.0 * * 

Bryant & exp 1 21 132 50 113 2.2 2.3 6.6 2.9 NS NS 
Trigg 42 132 109 15 0.1 5.5 3.0 0.5 NS NS 

0979) exp 2 42 168 310 - - 10.7 7.8 0.7 - NS 
Flux & Patchell 42 270 93 195 2.1 3.7 10.6 2.9 NS NS 

(1954) 
Patchell (1957) 

year 1 42 252 59 -24 -0.4 - - - NS NS 
year 2 42 252 83 143 1.7 - - - NS -

Stockdale et al 60 210 68 39 0.6 2.4 1.5 0.6 * * 

(1981) 
Bluett (1977) 42 133 150 98 0.7 7.8 12.0 1.5 NS NS 
Wall ace 0957) 

exp 1 56 260 182 490 2.7 8.2 27.7 3.4 - -
exp 2 56 270 68 123 1.8 3.6 7.3 2.0 - -

Glassey et al 28 238 - - - 3.5 0.4 0.1 - NS 
(1980) 

Bryant (1978/79) 28 70 129 -6 -0.1 4.8 -1.1 -0.2 NS NS 
Hutton & Parker 

0966) syst. 2 56 c.250 64 36 0.6 2.0 4.0 2.0 - -
syst. 3 56 c.250 62 128 2.1 2.0 8.0 4.0 - -

t Immediate (I) and subsequent (S) effects are differences between the control (c) that were well fed 
throughout expressed as C-I and C-S 

tt NS = not significant * = statisically significant 
0 



TABLE 1 . 4  The Effect o f  Feed ing  Level d u r i n g  t he F i r st Five Weeks 

1 1  

o f  Lac tation on  Mi lkfat  Production and Body  Cond i tion  Score  for Cows 

Calving at Cond ition  Sc ore ( CS )  5 ( ad apted from Gr ai nger et al , 1 982 ) .  

Feed ing Level Di ffe r ence 

( kg/cow/ d a y )  

1 4  8 6 

I mmed iate Effect ( weeks 1 -5 )  

mil kfat yield  ( kg/cow ) 28 . 7  22 . 8  5 . 9  * 

CS 4.9 4 . 5  0 . 4  

Total Effect ( weeks 1 -2 0 )  

mil kfat yield  ( kg/cow ) 1 08 . 6 94 . 9  1 3 . 7  

CS 4 . 9  4 . 9  o.o 

* 2 1 % red uction in m i l kfat y i e l d  due to under feed ing  

TABLE 1 . 5  The Effect of  Feed ing Level during  Three  Weeks i n  Ear l y  

Lactation  ( Weeks 8-1 0 )  o n  Mi lkfa t Prod uction and Bod y Cond i t i o n  Sco r e  

( CS) ( ad apt ed from Ngarmsak , 1 98 4 ) .  

Generous R e str icted Di fference  

Herbage I ntake ( weeks 8 - 1 0 )  

kg  DM/cow 

kg  DM/cow/day 

I mmed iate Effect  ( weeks 8- 1 0 )  

milkfat  yield  (kg/cow ) 

change i n  CS 

Total Effect ( weeks 8-2 7 ) 

mil kfat yield  ( kg/ cow ) 

change in  CS 

Allowance A l l owance 

373 

1 8  

2 1 . 0  

0 . 08 

95 . 9  

0 . 5 8 

2 3 3  

1 1  

1 7 . 9  

-0 . 20 

92 . 3  

0 . 38 

* 1 5 %  reduction  in m i lkfat  y i e l d  due to und er feed ing  

1 4 0 

7 

+3 . 2  * 

+0 . 28 

3 . 6 

0 . 20 

4 )  The Plane o f  Nut r i ti o n  Following Und er feed i ng in  Ear l y  Lactat i o n  

and Res i d ual  Effects  

C l ear l y ,  the l i te r ature  is  i n  con fl ict  r egar d in g  the r e s i dual  

effects  of  d i fferen t i a l  fee d ing l evels  impo sed in  ear ly  l actatio n . 



1 2  

Broster and Thomas  ( 1 98 1 ) ha v e  suggested that the r e l ati onsh i p  between 

immed i ate and total e f fects o f  contr asting l evel s of nutr iti on in e a r l y  

l actation m a y  b e  infl uenced b y  the metabol i zable energy (ME) intak e  in  

the r e s i d ua l  ( po st treatment ) period . 

For cows under fed on conc entr ate s i n  e ar l y  l actation,  the r e  i s  

evidenc e to suggest that r e s i dual  e ffects a r e  greatl y r ed uced upon 

ampl e  acc e s s  to pasture  in the post-tr eatment per iod ( Gordon , 1 97 6 ; 

1 97 7 ; Le Du�� , 1 97 9 ) .  Thi s  would  imp�y a compensato r y  r e sponse b y  

cows poo r l y  f e d  i n  e ar l y  l actation and subsequently g i ven a g enero us 

supply  o f  good qual ity feed . There  i s  some evidenc e from the wor k  o f  

Taylor ( 1 95 9 )  and Bines et al ( 1 96 9 )  that voluntar y  feed intake i s  

greater in animal s prev ious l y  und e r fed and in thinner bod y cond iti o n .  

Altho ugh L e  Du et� ( 1 97 9 )  observed l ittl e  e ffect o f  conc entr ate 

under feed ing upon the sub sequent grazing behav iour and herbage intake 

of the cows in  the i r  e x pe r iment . Stockdale  et al  ( 1 98 1 ) ,  who obta i ned 

a signi fic ant r e si d ua l  e ffect o f  0 . 6 times the immed iate e ffect o f  

und e r feed ing i n  ear l y  l actation ( see 3 )  in 1 . 1 . 3 ) ,  commented that thi s 

may have  b een d ue to the hi gh  stocking rate ( 6  cows/ha ) used throu g hout 

the post-tr e atment per iod . The ab i l ity o f  cows to compensate for poo r  

feed ing in  ear l y  l actation would  appear  to depend upon the avai l ab i l ity 

o f  good qua l ity feed later in  l actation . 

5 )  The Timing , Dur ation and Se ver ity o f  Und e r feed ing in Ear l y  

Lactati on and Re s i d ua l  Effects 

Var i ation in  the timing , dur ation and sever ity of und e r feed ing i n  

earl y l actation  seems l ikel y  to b e  another factor accounti ng for the 

conflict  b etween researche r s  in  the e xtent of resi dual  e f fects ob se r v ed 

(Gord on , 1 97 6 ) ,  It has  been shown that the first few weeks o f  

l actation are  the most c r iti c al in d etermining the e xtent o f  r e s i d u a l  

effects ( Broster e t  a l , 1 97 5 ) and that the l atter i s  greate st with 

gross under fee d ing resulting in l arge  LW losses  which  a r e  to b e  mad e up 

in the post feed i�g per i od ( Br o ster , 1 97 4 ) .  In the r e v iew o f  

l iter atur e  by  Bro ster and Str i c k l and ( 1 977 ) the more recent e x pe r im ents 

gener a l l y  i nvolved more generous l ev e l s  of feed ing than ear l ier  

exper iments and in contr ast d id not always s how a r esidual  e ffect o f  

feed ing in ear l y  lactation .  It was suggested that thi s may  h a v e  

r eveal ed a n  upper l imit to feed ing l evel in earl y l actation above which  

r e s i d ua l  e f fects d o  not acc r ue from variation in  intake • 
In Ngarmasa k ' s  ( 1 98 4 ) exper iment , the v e r y  small  r e s i d ua l  e ffect 

( see 3 )  in 1 . 1 . 3 ) may have  b een because und er feed ing wa s moder ate ( the 

resu lti ng loss  o f  cond ition was l imited ) ,  o f  relati vely  short d u r at i on 

( three weeks ) and d id not begin unti l seven weeks a fte r calv ing . The 



much l arg er r e s i d ua l  e f fect found by  Gr a i nger et a l  ( 1 98 2 ) ( see 3 )  i n  

1 . 1 . 3 ) may be  e x p l a i n ed b y  the e a r l ier  timing  ( immed i ate l y  a fter 

cal v ing ) ,  the greater sever ity ( ev idenced by the greater l oss  o f  

cond iti o n )  and the longer d u r ati on ( fi ve weeks ) o f  under fee d i n g . 

1 3  

It was found in  Gr a inger and Wi l helms ( 1 97 9 )  exper iment ( descr ibed 

in 2 )  in  1 . 1 . 2 ) , that the r e s i d u a l  e ffect of under fee d i n g  ( week  1 1  to 

the end of l actati o n ) varied  betwee n  tr eatments (HH = LH > HL > LL ) but 

was s i g n i ficant onl y for the LL tre atment ( see  tab l e  1 . 3 ) .  The 

residual  e f fect was 1 . 0  times the i mmed iate e ffect fo r 1 0  weeks o f  

und er feed ing  and 0 . 7  ti mes the i mmed iate e ffect for fi ve weeks o f  

und er feed ing . Hence , the ti m ing o f  und e r feed ing  was not s i g n i f i c ant 

but the d ur ation of underfeed ing  was i mportant , in  d etermin ing  the 

extent of r e s i d ual  effects . 

In  contra st to Gr a i nger and Wi l helm  ( 1 97 9 ) , the r es i d ua l  e ffects o f  

und er fee d i n g  wer e  smal l and non-si g n i fi c ant for al l treatments i n  

Br yant and Trigg ' s  ( 1 97 9 ) e x periment , descr ibed in 2 )  i n  1 . 1 . 2 , ( see  

tabl e  1 . 3 ) . 

Furthermore , i n  a second e x pe r iment b y  Bryant and Tr i gg ( 1 97 9 ) , 

ident i c al twi n s  wer e  used to stud y  the e f fects o f  s e v er e  under fe e d i n g  

for 6 weeks a fter c a l v i n g . DM i nta ke w a s  r ed uced by  4 8 %  accompan ied by  

a 40%  red uctio n  in  milk  yield  and 7 0  k g  loss of  LW . De spite thi s 

sever e und er fe e d i n g  onl y  smal l tr a n sient resi dual e f fects o n  m i l k  

prod uction  wer e  observed ( appro x imatel y  0 . 7 times the immed i ate e f fe cts 

on m i l kfat y i e l d ) ( see tabl e 1 . 3 ) .  F indings  from compl ete ener g y  

bal anc e s  ( ca r r i e d  out i ndoors d u r i n g  weeks 8- 1 8 )  supported thi s 

ob ser v ati o n . Di fferences  i n  energy partitioning  between the previous l y  

und er fed and wel l  fed cows , a ltho ugh  the y accounted for about 7 0 %  o f  

the m i l k  prod uction  d i fferences  d u r ing  weeks 8- 1 8 ,  wer e  the equ i val ent 

of onl y 0 . 052 kg m i l kfat/day . 

Hen c e , Br yant and Tr i gg ( 1 97 9 ) s howed und erfeed ing  i n  e ar l y  

lactation  h a s  n o  si gni fi c ant e ffect o n  subse qent per forman c e , 

regard l e s s  o f  the d u r ation and sever ity o f  the und er feed i n g . I n  v ie w  

of the confl icti ng ev i d enc e , an i nter action between d u r ation  and 

se ver ity could  wel l  be i mportant . Suc h an  i nter actio n  has not been 

studied . 

1 . 1 . 4  Feed ing  i n  Ear l y  Lacta tion  and Mi lk  Compostion  

Und er feed ing  has v ar i ously been  r eported by  ear l y  wor k e r s  to 

inc r e ase , decrea se , o r  have a neg l i g i b l e  e ffect on m i l kfat 

concentr atio n  ( % ) , depending  on the duration and sever ity o f  
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u n d er fe e d i n g  ( Blaxter , 1 95 0 ; Bur t ,  1 95 7 ) . The solid s-not- fat  ( S NF ) 

conc entration  ( % )  o f  m i l k  d ec l i n e s  i n  response to und e r feed i n g , p r o te i n  

concen t r ation  ( % )  more s o  than l ac to se concentration ( % )  ( ib id ; 

Broster  e t  a l , 1 96 9 ,  1 975 ; Wr ight  e t  al , 1 974 ) .  In a greement wi th  the 

fo regoing , Davey  ( 1 98 3 ) states  t ha t  ' increasing the l evel  of feed i n g  in  

e ar l y  l actation  increase s the c o n c e n tr ation o f  prote i n  and SNF but has 

a v ar i ab l e  e ffect on the concen t r ati o n  of mil kfat . '  

Bryant  and Tr i gg ( 1 982 ) pre s e n t  a summary o f  result s  o f  t he 

i mmed i a te e ffects  o f  under fee d i n g  i n  early l actation  o n  m i l k  

compo s i t i o n  from the e x pe r imen t s  presented in  table  1 . 1 together wi th  

t hose  of  Flux  and  Patche l l  ( 1 95 4 ) ,  Patc hell ( 1 957 ) ,  Hut t o n  and  Parker 

( 1 96 6 ) and Roger s et al  ( 1 97 9 a )  ( see  table 1 . 6 ) .  The e ffec t  o n  m i l kfat  

% was h i ghly  v ar iable wher ea s  p r o t e i n  % and  SNF % tend ed to  d ec l i n e  

w i t h  under feed ing . I n  two repor t s  t he effects  wer e  asse ssed b y  

mul t i p l e  r e g r e s s i o n  method s .  Stock d a l e  e t  a l  ( 1 98 1 ) found that  m i l kfat  

% was  un a ffected by under fe e d i n g  o r  h a y  suppl emen tatio n  wher e as SNF  % 

was i n c reased by 0 . 076 u n i t s  per  1 . 0  kg  increase i n  DM i ntake . Roger s  

e t  al  ( 1 97 9 a )  found that m i lkfat  % dec r eased and prote i n  % i n c r eased , 

each  b y  about 0 . 08 u n i t s  per 1 . 0  k g  i n c rease in  DM i ntake . 

TABLE 1 . 6  Summ ar y  o f  Immed iate  E f f e c t s  of Under fee d i n g  i n  Earl y  

L ac t a t i o n  o n  M i l k  Compost i o n  ( from  Br yant and  Tr igg , 1 982 ) .  

Consti tuen t Number o f  Mean Content  Di fference ( control-rest r i c ted ) 

Observ ations  for  Control  

mean S . D . r an g e  

fat 1 7  4 . 4 6 -0 . 09 0 . 32 -0 . 8  - + 0 . 70 

p ro t e i n  1 8  3 . 4 1 0 .  1 4  o .  1 8  -0 . 38 - + 0 . 36 

l ac to se 4 4 . 98 0 .  1 7  0 . 23 +0 . 5 1 - + 0 . 05 

SNF 4 9 . 3 1  0 . 23 0 . 1 0  +0 . 30 - + 0 . 08 

I n  a summ ar y o f  stall  feed ing  and fi eld exper imen ts i n volv ing  

3 00-4 00  cows , Br yant ( 1 979 ) found  that  a 5 0 %  reduction i n  i ntake  

inc reased  m i l kfat % by 8% and d ec reased  prote in % and  lactose % by 6 %  

a n d  2 % ,  r e spec t i vel y .  I t  was n o ted that  the e ffects  o f  nutr i tion  o n  

m i l k  compo s i t i o n  were d etermined  b y  s tage o f  l ac ta tion  and were smal l 

relati v e  to the e ffec t s  o f  b reed and  seaso n . 

It  c an be  concl uded that  the i mmed iate e ffects  o f  under fe e d i n g  i n  

ear l y  l a c t a t i o n  on m i l k  compo s i t i o n  a r e  smal l .  
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Data  o n  the r e s i dual effects o f  feed i n g  in  ear l y  l acta t i o n  o n  m i l k  

compostion  a r e  inconc l u s i v e  ( Bryan t and T r igg , 1 982 ) . Man y  worker s 

have found levels  o f  m i l kfat  S and/or mil k protein % to r e t u r n  r api d l y  

to normal after under feed ing ( G l asse y , 1 98 0 ; Gr ainger et a l , 1 9 82 ; F l u x  

and Patche l l , 1 95 4 , 1 957 ; Patchel l , 1 957 ; Wallace , 1 957 ) .  Other s h a v e  

ob served s i g n i f i c a n t  r e s i dual effects  on  m i l kfat % and/or m i l k  prote in  

S ( Broster et al , 1 96 9 ,  1 975 ; G r a i n ger and W i l helms , 1 979 ; Bryant  and  

Trigg , 1 97 9 ;  Le Du  and Newber r y ,  1 982 ) . 

1 . 1 . 5  The Influence  o f  Pre-Partum Nut r i tion  on the Effec t s  o f  Fee d i ng 

in Ear ly Lactation  

1 )  Europe an Resarch  

The l evel o f  feed ing  before c a l v ing and a fter c alv ing contribute  

jointly  to the  atta inment o f  peak  milk  y i e l d  in  early  lactation . 

( Broster et al , 1 970 ci ted by W i ktorsson , 1 97 9 ) .  From exper iments  

looking  at  pr e-par tum n utr ition r ev iewed by Broster ( 1 97 1 ) ,  i t  seems 

that increasing  pr e-par tum feed ing  level s to increase rates  of LW g a i n  

u p  t o  0 . 5  kg/day  al lows a greater poten ti a l  LW loss i n  ear l y  l ac t a t i o n  

thus l essening  t h e  e ffec ts o f  under feed i n g  dur ing t h a t  time  on  d ai l y  

milk  yi eld . However , many o f  the e x per iments invol ved 

roughage/concen tr ate d i ets  and evidence  obtained with grazing  c ows 

should therefo r e  be consi dered . 

2 )  Aust r al asian  Research  

New Zeal and e x per imen ts with  g r azing  c ows up  unt i l  the  e ar l y  1 97 0 ' s  

have been rev e i wed by Gr ainger and McGowan ( 1 982) . The r e s u l t s  suggest 

that cows should not lose body  cond ition  during the 8 weeks prior to 

calving  otherwi se m i l k  production would s uffer . However , i n  these  

earlier  ex per imen t s  t he e ffects of  LW change in l ate pregn ancy  could  

not  be  seperated from the e ffec t s  of  LW d i fferences  a t  c a l v ing  on  

subsequent m i l k  product i o n . 

E x per iments c ar r ied out by Roger s et a l  ( 1 979b)  in Au s t r a l i a  with  

grazing  cows showed conclusi vely t hat i t  i s  ab solute LW o r  cond i t i o n  at  

calving  whi c h  most  importantly  i n fluences milk  yiel d  rather than r ates  

o f  change in  LW or  cond i t i o n  prior  to  calving . Grainger e t  al  ( 1 982 ) ,  

in Aus tral i a , c ar r ied out ex per iments whi c h  showed a posi t i v e , l i n ear 

rel ationshi p between body cond ition  at calv ing ( ov er the r an g e  o f  

cond ition  scores 3-6 ) and subsequent  milk  producti on . Thi s  

rel ationsh i p  was mod i fi ed by the feed ing level in ear ly l ac tati o n  such  

that  higher fee d i ni l evel s increased mil kfat production but  d id not  

red uce the ben e f i t s  of  calving  i n  a higher cond ition score ( CS ) . 



R e si d ual e ffec t s  o f  feeding  dur ing  weeks 1 -5 of l actation  wer e  found 

d u r i n g  weeks 6-20 whi c h  equal l ed 1 . 6  and 0 . 7  times t he immed iate  

e ffec t s  on m i l kfat  prod uc tion  for c ows cal v ing i n  CS6 and  CS3 , 

r especti vel y .  

1 . 2  GENETIC QUALIT Y  O F  THE DA I R Y  C OW AND ITS INFLUENCE  ON  M ILK 

P RODUCTION 

1 .2 .  1 I ntrod uction  

1 6  

The l ev el o f  m i l k  production  ac h i e v ed by a c ow i s  d eterm i n ed by  the 

prod uct o f  env ironmen tal e ffec t s  ( such as  l evel o f  feed ing , heal th  and 

man agemen t )  and e ffec ts o f  cow g enotype ( Holmes , 1 984 ) .  Thu s , a c ow 

whi c h  i s  gene t i c a l l y  super i o r  for  m i l k  prod uctio n  wi l l  prod uce  the most 

m i l k  und er a g iven set o f  e n v i r o nmen tal cond itions . The r easons  for 

i n c r eased prod uction  due to the gen e t i c  improvement of c ows fed mainly  

o n  pasture  are  not  c l ear l y  u n d er stood . In particular , t he r e  i s  a l ack 

of e x pe r i men tal evidence  o n  the rel ation  between gen e t i c  mer i t  and  the 

e ffi c iency  of m i l k  productio n . 

Most e x pe r i mental  work  r e g ar d ing  the e ffects o f  fee d ing d u r i n g  early  

l a c t ation  o n  milk  yield  and  compo s i tion  has  i nvolved c ows y i e l d ing  less  

than 15  k g  milk  d a i l y  ( Bryant  a n d  Tr i gg , 1 982 ) .  I n  v iew o f  the 

i mpro v emen ts whi c h  a r e  occ u r i n g  i n  the geneti c qual ity  o f  l i vestock  and  

the  l i kel i hood of genotype / e n v ir o nmental interactions , e . g .  t he 

i n t e r action  o f  genot ype wi th  n u t r ition  at d i fferent  stages  o f  t he 

l a c t a tion  c yc l e  ( Gr a i nger , 1 982 ) , t h e r e  is  the n eed to use geneti c al l y  

supe r ior  cows i n  e x pe r imen t s  d e s i gned t o  examine appropriate  man agmen t 

fo r effic ient  d a i r y  prod ucti on . 

1 . 2 . 2 Genetic  Qual i t y  i n  New Z e aland  

In  New Zeal and , the  g en e t i c  mer i t  o f  dai r y  cows for  milk  o r  m i l kfat 

prod uction  i s  ind ic ated by t he i r  breed ing index ( BI )  whi ch  shows t he 

rel a t i v e  genetic  mer i t  o f  a cow t o  produce milk  or  milkfat  i n  

c ompa r i so n  t o  a base l i n e  o f  1 00 ,  r epresenting the aver age c ow i n  the 

e a r l y  1 960 ' s  ( Holmes , 1 984 ) .  The method of c alculation  has b een 

out l i n ed by Holmes ( 1 984 ) .  For a cow , BI i s  a wei ghted comb i n a t i o n  of 

her  o wn prod uct ion  records and the b reed ing i n d i c e s  of her s i r e  and  d am 

wher e as fo r a bull , B I  i s  a we i g hted combin ation o f  d aughter 

prod uctions  and the breed i n g  ind i c e s  of hi s s i r e  and d am (Wickham et 

�. 1 97 8 ) . 
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Thi s system o f  genetic  evaluation  forms t he bas i s  o f  t he New Z e a l and  

Da i r y  Board ' s  ( N . Z . D . B . ) scheme o f  genetic  progress . To  thi s end  the  

N . Z . D . B .  o pe r ates  an  articial  breed ing ser v ic e . Bul l s  used fo r semen 

col l ection  are se l ec te d  on the i r  BI values  whi c h  are  calcul ated from 

herd  testing  r ec o r d s  c o l lected by New Z e al and Livestock Improvemen t 

Assoc iations . 

Evidence fo r g e n e t i c  improvemen t i n  the m i l k  prod uction  o f  New 

Zeal and d a i r y  c a t t l e  d ue to arti fi c i a l  breed ing  i s  d i scussed by Wi c kham  

et  al ( 1 97 8 ) and Macm i l l an ( 1 982 ) .  It can b e  seen i n  the 60th Ann u a l  

Farm Production Report  of  the N . Z . D . B . ( 1 983 /84 ) that subst a n t i a l  

changes have taken  p l a c e  i n  the BI  v a l u e s  fo r New Zealand  d a i r y  c ows 

and proven bull s used  in arti fi c ial  breed ing . Ov er the ye a r s  from 

1 954 /55 to 1 98 3 / 8 4 , t he BI  of  proven b u l l s has inc reased from 1 1 0 t o  

1 3 8 .  

Consequentl y ,  t he r e  has been a correspond ing  increase i n  the B I  o f  

cows s i r ed by these  b u l l s  from 1 00 to 1 2 1 . Thi s  compares  wi th a n  

inc rease i n  the B I  o f  a l l  other cows from 1 00 to only  1 1 3 ( the s i ze o f  

the contribut i o n  o f  a r t i fi c ial  breed ing  i n  the ancestry  o f  t he s e  c ows 

is  unknown ) . Further  evidence that esti mated BI values  are a g ood 

measure  of gen e t i c  mer i t  fo r milk  prod uction  i s  prov ided by Wi c kham 

( 1 97 9 ) .  

Pol i sh work  b egun i n  1 97 4  has c ompar ed the geneti c mer i t  o f  ' bl ac k  

and whi te ' catt l e  from d i fferent  countr i e s . This work  i s  d e sc r ib ed b y  

Gr ainger ( 1 982 ) a n d  Mac Mi l l an ( 1 982 ) .  Most importan t l y  i t  has  shown 

that the geneti c mer i t  i n  terms of milkfat  and  milk y i e l d  of  New 

Zeal and Fr i e s i an d a i r y  cattle , s i r ed by N . Z . D . B .  bul l s , is among the 

highest i n  the wor l d . 

1 . 2 . 3 The Effe c t  o f  Genet i c  Qua l i t y  o n  Aspe c t s  of  Prod u c t i v i t y  

1 )  Mi l kfat Pro d u c t i o n  

Cows of  d i ffer ing  B I  are expected t o  d i ffer i n  mil kfat y i e l d  by t he 

per c entage o f  t he i r  average prod uction  whi c h  c orrespond s to the i r  

d i fference in  BI  u n i t s  e . g .  a c ow o f  BI  1 20 i s  expected t o  out y i e l d  a 

cow of  BI 1 00 by 2 0 %  o f  the i r  average prod uctio n .  

Sta l l  feed ing  a n d  g razing  t r i a l s  carr ied  out a t  Massey Un i v er s i ty 

and Ruaku r a  Rese a r c h  Centre have shown h i gh b r eed ing index  ( HB I ) cows 

to produce more m i l kf a t  than lo� b reed ing  i n d e x  (LBI ) c ows u s i n g  

Fri e s i an s  (Grainger  e t  al , 1 985a  and b ,  and Ngarmsak , 1 98 4 ) a n d  J e r s e ys 

( Br yan t , 1 9 8 1 ; B r ya n t  and Tr i gg , 1 98 1 ) .  I n  a l l  the e x per imen t s  t h e r e  

was close agreement between expected per c en tage d i ffer ences  based  o n  B I  
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an d a ct ual d i f f er en c es i s  m i l kf at y i el d . D a t a  t o  i l l us t r at e  m i l kf at 

pr oduc t i on d i f f er en ces be t ween H B I  an d LB I cows ar e pr es en t e d  i n  t ab l e 

1 .  7 .  

Tabl e 1 . 7 Produc t i on o f  H i gh a n d  L ow B I  Cows ( f rom B ryant , 1 98 1 ) . 

Exper i ment B I  N umber F at Y i el d D ays i n  

o f  C ows ( k g/ cow ) M il k  

1 2 2 1 6 1 80 2 60 

1 0 1  1 6 1 2 8 2 5 8  

2 1 22 22 1 64 2 4 9  

2 1 0 0 2 2  1 2 6 2 61 

2 )  C ow L i vewei gh t  an d L i ve w e i ght  C ha n ge 

The t r i al s  ref err ed t o  i n  t he pr e vi ous sect i on ha ve s hown H B I  cow s  

t o  gai n l es s  LW and con di t i o n  o ver l a ct a t io n  t han LBI cows . 

e xper i m en t s  at Mas s e y  U ni ve r s i t y ( G rai nger et al , 1 98 5 a  an d b ) , 

s howe d HBI cows w er e  of s i m i l ar LW an d con di t i on at c al v i ng but of 

l ow er L W  an d co n d i ti on t hr o ugho ut l act at i on t han LB I cows . A t  R ua kur a 

R es e ar ch C entr e i t  was  f o un d  t hat t he HBI cows cal ve d at a h i gher LW 

but s i mi l ar co nd i ti on an d t ha t  t he y  ga i ne d  l ess L W  an d co n d i ti on dur i ng 

l a ct a t i o n  t han t he LBI cows ( Br yant an d  T rigg , 1 9 8 1 ) . I n cr e as es i n  L W  

dur i ng l act at i on w er e  1 4  k g  an d 3 1  k g  f or the H B I an d LB I cows , 

r es pe c ti vel y , i n  one  t r i al r e po r t e d  by B r yant an d T ri g g ( 1 9 8 1 ) .  

G r a i nger ( 1 982 ) no t ed t ha t  when e xp r es s e d  on a s ho r t - term ( m onthl y )  

basi s d i f f er en c es i n  LW chan ge betw e e n  HBI an d LBI c ows d ur i ng 

l act at i on ar e ver y sm al l an d  he n ce d i f f i cul t t o  de t e ct . 

3 )  L e vel o f  F e e d  I nt a ke 

i )  Lact at i ng C ows . I t  has gen er al l y  been shown t ha t  i nt a ke per un i t  of 

m et abo l i c  L W  ( LW0 " 7 5 ) i n  H B I cows i s  h i gher t han t ha t  of LB I cows by 

bot h s t al l  f e e d i n g  and gra zi n g  t ri als ( B r yant , 1 9 81 ; Gr ai n ger � 
al , 1 9 8 5 a  and b ) . H owe ver , gr a z i n g  t ri al s  an d s om e  s t al l  fee d i n g  t r i al s  

ha ve not f oun d d i f f er en ce s  i n  i nt ake per an i m al or per un i t  of 

meta bol i c  LW d ue to B I  ( Gr ai n ger et al , 1 9 85a and b ;  N garmsak , 1 9 8 4 ) . 

Br yant ( 1 9 8 1 ) re po r ts t hr ee s t al l  fee d i n g  e x pe r i m e n t s  i n  w hi ch HB I 

an d LB I cows wer e f ed f res h pa s t ur e ad l i bi t um f or 2- 4 weeks i n  ear l y  

t o  mi d- l a ct a t i on . A n  a ver a ge d i f f er en ce i n  i nt a k e  of 2 .  2 k gD W cow/ day 

was obt a i ne d . How e ver , w i t h i n each B I  gr oup da i l y  i nt ake i ncr eas e d  by 

1 k gDM f or each 1 0 0 kg o f  L W  an d a f t er adj us ti ng f or t h i s ef f ect 
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between  BI  groups the i n take  d i fference bec ame 1 . 1  kgDM/cow/day . 

G r a i n ger et a l , ( 1 98 5 a  and  b )  found no s i gn i fi c a n t  d i fferences  i n  

the ad l ibitum pastur e DM i n take per cow be tween HBI and LBI  cows i n  

an y  o f  t he i r  four st a l l  feed ing  e x per iments . Howe v er , i n  two o f  the  

fo ur  tr i al s ,  metabo l i zabl e energy ( ME )  intakes  wer e  s i g n i fi c a n t l y  

hi ghe r b y  about 7 %  o n  aver age fo r the H B I  c ows when  e x pr e ssed p e r  un i t  

o f  metabol ic LW , s i n c e  the H B I  cows wer e heavier than  the L B I  c ows . 

There  wer e  no d i ffe r en c es i n  ME i ntake per cow o r  per u n i t  metabol i c  LW 

d ue to cow BI i n  the g r a z i n g  t r i a l  of Gr ainger et al , ( 1 985 a ) . 

A r ave and Ki l gour ( 1 982 ) obser v ed that that  the r e  wer e  no 

d i ffe r e n c es in  grazi n g , l y i n g  or sta nd ing times  b etween HBI and LB I 

cows d ur i ng ear l y  o r  m i d-lac tation  but that HBI c ows g r a zed 

s i g n i ficantly  longer d u r i n g  late l actation when  pasture  was l e s s  

read i l y  a v a i l able . Thi s  wou l d  suggest that t h e  sma l l  d i ffe r en c e  i n  

inta ke b etween l acta t i n g  H B I  and LBI c ows at  g enerous  pasture  

al lowances  i s  due  to  d i ffe r ences i n  bite si ze and/or  the r ate of  b i ti n g  

( see 1 )  in 1 .3 . 6 ) . Fur thermore , as  pasture avai l ab i l i ty d ec l i n es i t  

appe a r s  that HBI cows g r a ze more effi c iently  t han LBI  cows s i n c e  they  

increase  their  grazi n g  t i me to a greater ex te n t . Howev er , a possi b l e  

confo und ing factor i n  thi s study  o f  grazing  behavour wa s that t he H B I  

cows wer e on aver age 2 8  k g  h e a v i e r  than the LBI  c ows . 

i i ) Dry Cows . Work c a r r ied out i ndoors with HBI and  LBI cows l ed 

Bryan t ( 1 98 1 ) to conc l �d e  that  d i fferences i n  ad l ib i tum intake that 

occur during  lactation  a r e  apparently  not  present d u r ing  the d r y  

per iod . Despi te thi s , a t  a g i ven past ure a l l owan c e  groups o f  d r y  H B I  

cows have been shown to g r a ze mor e severely  t han g ro ups o f  LBI c ows and  

consequentl y to  achi e v e  h i gher DM in takes and gai n s  i n  cond i tion  

( Brya nt , 1 983 ) .  Cows w i t h i n  groups were o f  s i mi l ar c ond ition  b ut 

over al l  the HB I gro ups wer e  o f  thinner  cond ition  than  the LBI g roups b y  

about 0 . 5 CS . When g r a zed a s  m i x ed groups , H B I  c ows wer e  found to 

outcompe te LBI cows o f  s i m i l ar condition  at r estr i c ted pasture 

al lowances  and to ac hi e v e hi gher gains  o f  LW and cond ition  ( ib i d ) .  

Such fi ndings  suppor t  the suggest ion  made previous l y  t hat  HBI c ows 

graze more effic ien t l y  than LBI c ows when past ure  a v a i l ab i l ity i s  

restr icted ( bear ing i n  mind  that LW and cond i tion  may  have been 

confound ing fac tors a ffec t i n g  grazing behaviour ) .  

4 )  E ffi ciency o f  Feed Ut i l i zation 

i )  Digestion o f  Feed Ener g y . Energy metabol i sm stud ies  r ev iewed b y  

Grainger ( 1 982 ) have shown that cows d i ffering  in  productive  ab i l it y  d o  

not d i ffer in  the e f f i c iency  with wh ich  they u s e  M E  for total e n e r g y  

b a l a n c 0  ( although none  o f  the calor imetr ic bal ance  s t u d i e s  revi ewed 
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actua l l y  s e t  o u t  t o  c ompar e  c ows whi c h  d i f fe r ed i n  the i r  g e n e t i c  

ab i l i ty to  prod uce m i l k ) . Furthe r mo re ,  Gra i nger ( 1 982 ) concl uded  from 

nutr i t i on a l  st u d i e s  that  ' hi g h  produc i n g ' cows do not d i ffer i n  the i r  

ab i l i ty t o  metabol i ze fee d  e n er g y . 

I t  has  been shown that losses  o f  energy  i n  fa �ces , u r i n e , meth a n e  

and heat  a r e  s i m i l ar fo r HBI  and  LBI c ows , whether l actating  o r  d r y , 

thus confi rming the abov e  fo r cows o f  d i ffe r ing potential  d u e  to B I  

( Br yan t , 1 98 1 ; G r a i ng er et a l , 1 985 b ) . 

i i ) Feed Conv er sion  Effi c i e n c y .  Work a t  Mas sey Un i v er s i ty ,  i n  

agreement wi th Ruaku r a  Research  Centr e ,  has  shown conc l us i v e l y  that  HBI 

cows prod uce more m i l kfat in asso c i a t i o n  wi th both a h i gher l evel  o f  

feed i n take and a hi gher l ev e l  o f  feed con v er sion e f fi c i en c y  ( kg total  

d ietar y DM  eaten /kg m i lkfat  prod u c ed ) due to the parti t i o n i n g  o f  a 

greater  propo r t i o n  o f  thei r  M E  i ntake to m i l k  rather than to LW g a i n  

( Br yan t , 1 98 1 ; G r a i n g er e t  a l , 1 98 5 a  a n d  b ) . Ther e fore , H B I  c ows h a v e  

a hi g he r  gross  e ff i c i e n c y  o f  m i l k  prod uctio n  ( kg m i lkfat prod uced /kg  

total d ietary  DM  e aten ) than  LBI  c ows . 

Data from three  Ruaku r a  tr i a l s  showi ng  the d a i l y  i n take , f a t  y i e l d  

and g r o s s  effi c iency  o f  H B I  a n d  LBI  cows s t a l l  fed for 2-4 weeks i n  

ear l y  l ac tatio n , a r e  presented i n  tabl e  1 . 8 . Di fferences  i n  g r o s s  

effi c i ency  o v e r  1 05 d ays o f  i ndoor feed ing  throughout l ac t a t i o n  ( in 

another trial ) wer e  g r eater i n  that gross  e fficien c i e s  o f  52 and  4 4  

gfa t/kgDM wer e  obtai ned for HBI a n d  LBI  c ows , respec t i v e l y  ( Br yan t ,  

1 98 1 ) .  Thi s  i s  i n  agr eemen t with Gr a i n ger ( 1 982 ) who concluded  that  

d i ffer enc es i n  parti t i o n i ng o f  e n er g y  b etween milk  and  bod y t i ssue  b y  

d i ffer ent genotypes c o u l d  be c l ear l y  s e e n  o v er the who l e  l ac ta ti o n . 

However i n  the short term d i f ferences  i n  energy partitioning  were  much  

smal ler  and  wer e  more  d i ffi c u l t  to  d etec t .  

i i i ) Marginal  effic iency o f  M i l k  Production . Exper imen t s  wi th c ows o f  

d i ffe r ing  genetic  potent i a l  have shown that a t  a g i v en level  o f  feed  

in take , cows of  h i gh poten t i a l  for  milk  production r espond to  changes  

in  the  l evel o f  feed ing  to  a g reater  e x tent  i n  terms o f  m i l k  y i e l d  and 

to a l esser extent  in terms of LW g a i n  compa r ed to c ows of l ower 

pote n t i a l  ( see  3 )  in  1 . 1 . 1 ;  Bro ster , 1 97 6 ; Bro ster and Thomas , 1 98 1 ) .  

Thi s advan tage o f  cow potential  i n  terms o f  milk yield  response  to 

inc reases  in feed ing level has  been shown to inc rease  with the b a s a l  

level  of feed ing  ( Broster a n d  Thomas , 1 98 1 ) .  

Some exper iments  however , have  fa i l ed to observe  g reater r espo n s e s  

from cows of h i g h  poten tial  ( Jeffrey et  al , 1 976 ; Johnso n ,  1 97 9 ;  

Ostergaard , 1 97 9 ;  Steen and Gordon , 1 980 ) . Broster and Thomas ( 1 98 1 ) 

ha ve provided an  expl anation  for thi s a ppa r ent confl ict i n  the c as e  o f  
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the l at t e r  two e x per iments  i n  wh i c h  cows were suppl emen ted with 

conc e n t r ates  at ad  l i b i tum levels o f  feeding  with h i gh qua l i t y  

TABLE 1 . 8  Dai l y  Intake , Fat Y i e l d  and Gro ss Effi c iency  o f  High 

(HBI ) and Low ( LB I ) Breed i n g  Index  Cows i n  Ear ly Lac tation ( n= 1 6 )  

( from Bryant , 1 98 1 ) .  

E x pe r iment  Li vewe i ght I n take Fat Yield Gross E fficency 

( kg )  ( kg OM ) ( kg )  ( g  fa t/kg DM ) 

HBI  LBI  HBI  L B I  H B I  LBI HBI  LBI 

366 320  1 3 . 4  1 1  • 5 0 .  83 0 . 66  62 57  

2 373  325 1 2 . 3  1 0 . 7  0 . 96 0 . 73 7 8  6 8  

3 385  3 5 9  1 6 . 3  1 4 . 3 0 . 83 0 . 7 1 5 1  50 

mean 375  335  1 4 . 0  1 2 . 2 0 . 82 0 . 70 64  5 3 

conser ved fo rage s . However the r e sults o f  the former two confl icting  

expe r imen t s  wh ich  invol ved low  o r  fi xed level s of feed ing , are  

appa r e n t l y not e x p l a i n ed by Bro ster  and Thomas ' ( 1 98 1 ) reasoning ( see  

Grainger , 1 982 ) . Grainger ( 1 982 ) conc luded that the response to  extra  

feed o f  ' hi gh prod ucing ' cows c ompared to  ' low prod uc ing ' cows can  be  

in flue n c ed by  t he particular  system  o f  feed ing and ab solute plane  o f  

nut r i t i o n . 

I t  ha s been found that the mar g inal effic iency ( kg extra  m i l kfat 

prod uced /kg extra feed DM e a ten ) of HBI cows i s  not s i g n i ficantly  

highe r  than  that  of  LBI  cows stall  fed on fr esh pasture  ( Br yant , 1 98 1 , 

Grainger  e t  al , 1 985 a ) , 

5 )  Farm P rod ucti v i t y  

E v id e n c e  suggests  t h e  produc t i v e  mer i t  o f  cows h a s  an e ffec t  o n  farm 

prod ucti v i t y  measu r ed as  out put/ha ( Hutton , 1 975 and Gleeso n , 1 97 8 -

see G r a i n ger , 1 982  fo r a full  d i scussion ) ,  I t  seems that higher output 

per ha c an be achi eved with ' high  p rod uc i ng ' cows but that the i r  

relati ve prod uction  adv antage d ec l i nes a t  high stocking  rates . 

These r e sults  h a v e  b een confi rmed for cows o f  HBI  i n  wor k  c a r r i e d  

out at  R u a k u r a  Research Cen tre  eval uati ng  the e ffects  o f  c o w  qual i t y  on 

fa rm pro d uction  ( Br yan t , 1 984 ) .  Data from two farmlet  t r i a l s  c a r r i e d  

out over consecut i ve seasons are  pr esented i n  fi gur e  1 . 2 .  It  c a n  b e  

se en tha t the i n c rease i n  mi l kfat/ha as t h e  stocking r ate o f  HBI  cows 

increased , was greater than that fo r the LB I cows . At 4 . 3  cows/ha t he 

aver age production fo r the HBI  and LBI farms was 680 and 5 3 5  kg fat/ ha 
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r e s pe c t i v el y ,  r epresenting  a 27% ad v antage to the HBI cows . Bryant 

( 1 9 8 4 ) attr i b uted thi s supe r io r i ty of the HBI cows to the i r  h igher 

d a i l y  prod uction  and food i n take , l on g er l actations , h i gher  feed 

con v e r s i o n  effic ienc y ,  mor e  e f fi c i e n t  grazing and possi b l y  to a greater 

ab i l i t y  t o  recover from per iod s o f  u n d e r feed ing . 

F IG8RE 1 . 2  E ffect o f  Cows o f  H i g h  ( HB I ) on Low ( LBI ) Breed i n g  Ind e x  on 

Fat Prod uction  ( from Bryan t , 1 984 ) .  Data for 1 98 3/84 a r e  up unti l 

Apr i l , 1 984 . 
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1 . 2 . 4 Metabol ic  and Phys i o l og i c a l  Di f ferences between Cows o f  High o r  

L o w  Gen et i c  Potential  

The metabol i c  and physiolog ic a l  m echan i sms by whi c h  HBI  c ows prod uce 

mor e  m i l k  have not been c l e ar l y  e stabl i shed . Lac tati n g  HBI  c ows 

prod uce more  m i l k  due to the i r  ab i l i t y  to eat  more and to partition  a 

greater  proportion  o f  i ngested nut r i e n t s  to the m ammar y  g land . 

Ther e fo r e  i t  i s  to be  expec ted that  c ows v ar y  geneti c a l l y  i n  the i r  

' homeo r he t i c  ab i l ity ' i . e .  the  a b i l i t y  t o  c o-ord inate metabol ism i n  

v ar ious  t i ssue s t o  suppor t  a phys i o l og ical  state ( Bauman a n d  Curr i e , 

1 98 0 ) . I t  has  been po inted out t ha t  this  v ar iation could  i n volve  

i n h e r i ted d i ffer ences i n  c ir c u l at i n g  hormones ,  i n  n umb e r s  of  hormne 

r ec eptor s  in a target ti ssue and in the synthesis/deg r ad at i o n  of 

regulato r y  e n zymes ( ibid ) .  

Due to the l ikel y  role  o f  growth ho rmone as a homeo rhe t i c  regul ator 

in assoc i ation  with its l i po l y t i c  ( mob i l i zation of bod yfat  r e serves ) 

effect  ( Bauman and E l l iot , 1 98 3 ) ,  d i fferences i n  the l e v e l s  o f  thi s 

hormone b e twee n  cows o f  h i gh a n d  low g enetic potenti a l  have  b een 

i mp l i c ated  as an explanation  for the  d i ffe r ences i n  milk  p r o d uction  

( Gr ainger , 1 982 ) . However , recent  work wi th high and low y i e l d i n g  cows 
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underfeed i n g  i n  ear l y  l actation , have i nvolved cows of  h i gher 

prod uctive pote n t i a l  than e ar l ier  expe r i ment s  and have shown o n l y  smal l 

resi d ual  e ffe c t s  o n  m i l k  prod uction ( Br yant and  Tr i gg , 1 982 ) .  Bryant  

and  Tr i gg ( 1 97 9 ) emph a s i zed that the c ows i n  the i r  e x per iment  were high  

prod ucing b y  New Z e a l an d  standard s and tha t thi s was  probab l y  a fac to r  

accoun t i n g  fo r the c o n f l i c t  between the i r  r e s u l t s  a n d  tho s e  reported 

ear l ier whi c h  had found  large r e s i dual  e ffec ts ( see  1 . 1 . 3 ) .  

Ngarmsak ( 1 98 4 ) used  2 4  HBI/ LBI c ows i n  a grazing  e x pe r iment for 3 

weeks i n  e ar l y  l ac t a t i o n. Results  a r e  presen ted i n  tab l e  1 . 9. It  was  

fo und tha t the i mm ed i at e  e ffects  of  a change in  feed ing  l evel d id not 

d iffer between HBI and LB I cows in agreement with Br yant  ( 1 98 1 ) and 

Gr ainger e t  al ( 1 98 5 a  and b ) .  However , in contrast to  what m i ght have 

been ex pected , no  d i fference  was found between the HBI and LBI cows i n  

the residual  e ffec t  o f  und erfeed ing  whi c h  i n  both c a s e s  w a s  small.  

TABLE 1.9  The E ffec t o f  Thr e e  Weeks o f  Und erfeed ing  i n  Ear l y  

Lac tation o n  the Mi lkfat Production  ( kg/ cow ) of H i gh Ver sus  Low 

Breed ing Index  ( BI )  Cows ( ad apted from Ngarmsak , 1 98 4 ) .  

H i g h  BI  Cows 

Stage of Gen. Re s. Gen. 

Lac tation - Res. 

(weeks ) 

E xeer imen tal  

8- 1 0  2 1 .5 1 8.6 2.9 

Post Exee r i men tal  

1 1 -27  7 8.4 78.2 0.2 

R es i d ua l  Effec t o f  

Und erfeed i n g  0. 1 

Note : Gen. = Generous  Past u r e  A l l owance 

Res. = R e st r ic ted Pasture Al lowance 

1.3  VOLUNTARY F OOD I NTAKE BY GRAZ ING C OWS 

1 .3. 1 Introd uc t i o n  

Low BI Cows 

Gen. Re s. Gen. 

- Res. 

2 0 . 5  1 7.2  3. 3 

72.3 70.7 1 • 6 

0.5 

The poten t i a l  in t ake of a rumin ant  i s  determi n ed by var i ous 

phys iolog i c a l  and an atom i c a l  factors  together with cha r ac t e r i st i c s  of 

the d iet. Achi evement o f  the r uminant ' s  potenti a l  in take d epen d s  on  
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h a s  s hown n o  d i f f er en ce s  i n  c i r cul at i ng l eve l s  of gr ow t h  hormone w he n  

fee d i nt a k e w as e qual i ze d  r el a t i ve t o  cow re qir ements ( H ar t , 1 9 8 3 ) . 

F ur t he r m or e ,  wor k  wi th HB I an d LB I cows at M as s ey U ni ve r s i t y has  f ai l ed 

t o  s how si gn i f i cant d i f f er en c es i n  m e an blood con c e nt r a t i o ns of gr owt h 

horm one ' f re e  f at t y  a c i ds ( b r ea k- dow n  pro duc ts  of bo d yf at ) or s-hydr o xy 

but yr at e  ( a  m aj or pre c ursor of bo d yf at ) f or both a d  l i bi t um and 

r es t ri ct e d  fee d i n g  l e ve l s  ( D a ve y  et al , 1 9 83 ; F l u x  et a-!_ , 1 9 8 4 ) . 

S i n ce gl u cose has a ce ntr al r ol e  i n  m i l k  s ynthesi s i t  i s  l i k el y  t ha t  

d i f f er en ce s  i n  l eve l s  of t h i s m et abo l i t e  an d i ts m aj or r egu l at or y  

ho rmone , i ns ul i n ,  e x i s t  betw e en cows o f  HBI an d LB I .  I n  wor k carri e d  

out a t  M as s ey U ni vers i t y  H B I cow s on a r es tri ct ed f eedi ng l e vel ha d 

pl a sma gl u cose con cent r a t i o ns s i m i l ar t o  t hose of cows on an a d  l i bi t um 

f e e d i n g  l e vel ( P  > 0 . 0 5 )  and hi gher t han LBI cows o n  t he s am e  

res tr i ct e d  f eed i ng l eve l ( P  < 0 . 05 ) ( D ave y ��-!. · 1 983 ; F l ux e t  al , 

1 9 8 4 ) . P l asma con ce nt r a t i o ns of i ns ul i n  w ere hi gher i n  r es t ri ct e d  HB I 

cows than i n  ad l i bi tum f ed cows an d r es tri ct ed  LB I cows ( P  < 0 . 01 )  

( i b i d ) .  Fur t hermor e ,  gl uc o s e  i nf us i ons produce d s i m i l ar i ncr eas es i n  

gl ucos e  an d i ns ul i n co n cen t r at i ons f or bot h  B I  gr o ups ( P  > 0 . 05 )  t hus 

f a i l i n g t o  i n di c at e  an y mar k e d  d i f f er e n c es in i ns ul i n  se cr e t i o n  i n  

res pons e t o  i ncr eas ed co nce n t r a t i ons of gl uco s e  ( i bi d ) .  Ther e f or e , i t  

a p pe ars t ha t  HBI cows ar e l es s  s en s i ti ve t o  the ef f e cts of i ns ul i n  t h us 

r ed uc i ng gl uco s e  us e by pe r i pher al ti ssue s  an d co ns e que nt l y  i ncr eas i ng 

gl u cos e a va il ab il i t y  t o  t he l a ct at i n g  m ammar y gl and ( i bi d ) . F l u x  et a l  

( 1 9 8 4 ) t e nt a t i vel y at t ri but e d  t he e xce p t i onal l y  hi gh i ns ul i n  

co n ce nt rat i ons of the H B I r es tr i ct e d cows to hi gher r at es of 

cor t i cos t er oi d se cr et i on by HBI c ows es pe ci al l y  d ur i n g  un derfee d i ng . 

1 . 2 . 5  The I nt er a ct i on bet ween t he E ff ects of G enet i c  Q ua l i t y  an d L eve l 

of F ee d i ng o n  M il k  Pro duct i on 

From the l i t er at ur e  r ev i ew ed i n  4 )  i n  1 . 2 . 3 ,  i t  appe ars tha t  t he 

m ar gi n al ef f i ci en c y  of cows of hi gh gen eti c pot e n t i al i s  no d i f f er e nt 

to t ha t  of cows of l ow  gen et i c  pot ent i al ,  par t i cul ar l y  w hen s ta l l  f ed 

o n  fr esh p as t ur e  ( Br yant , 1 9 81 ;  Gr a i n ger ,  1 9 82 ) . O n  t hi s  basi s ,  i t  i s  

t o  be e xpe ct e d t hat  t he i mm e d i at e  eff ects of un der f eed i ng on m i l k  

pro d u c t i on ar e s i m il ar f o r  HB I an d LB I cows . 

H ow e ver i n  vi ew of the d i f f er en ces bet ween H B I  an d LB I cows i n  t he 

par ti t i o ni n g  of fee d en er g y  t ow ar ds m i l k  pro d u c t i o n  i t  i s  possi bl e t hat 

t he r e  ar e d i f f er ent i al eff ect s dur i ng un der f ee d i ng o n  change s  i n  L W  an d  

con di t i o n  w hi ch gi ve ri s e  t o  d i f f er en ces i n  t he e xt e nt of r esi d ual 

e f f e ct s  on m i l k produc t i on .  R ecent e xper i ments on t he e f f ects of 
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u nd e r feed i n g  i n  e ar l y  l ac t a t i o n , have i n vo l v ed cows o f  h i gher 

pro d uc t i v e  po ten t i a l  t han e a r l i e r  e x pe r i men t s  and have shown o n l y  s m a l l  

resi d ua l  e f fe c t s  o n  m i l k  prod uc t i o n  ( Br yant a n d  Tr i gg , 1 982 ) . Br y a n t  

a n d  Tr i gg ( 1 97 9 )  emph a s i zed t h a t  t h e  c ows i n  t he i r  e x pe r i m e n t  wer e  h i g h 

prod u c i n g  b y  New Z e a l a n d  st a n d a r d s  and that t h i s  was probab l y  a f a c t o r  

accoun t i ng fo r t h e  c o n f l i c t  b etween the i r  r es u l ts a n d  t h o s e  r eported 

ear l i er whi c h  had fo u n d  large r e s i d ua l  e ffec ts ( see 1 . 1 . 3 ) .  

Ngarmsak ( 1 98 4 ) u s e d  2 4  H B I /  LBI c ows i n  a gra z i n g  e x pe r iment f o r  3 

wee ks i n  e ar l y  l a c t a t i o n .  Re s u l ts a r e  presen ted i n  t a b l e  1 . 9 .  I t  was 

fo und that the i mm ed i a te e ffec t s  of a c ha n g e  in feed i n g  level  d i d n o t  

d i ffer betwee n H B I  a n d  L B I  c ows i n  agreemen t with Br y a n t  ( 1 9 8 1 ) and  

Gra i ng er et al ( 1 9 8 5 a  and b ) . However , i n  c o n tr ast t o  wha t m i g ht have 

been e x pec ted , n o  d i f f e r e n c e  wa s found b e twe e n  the HBI  and LBI cows i n  

the r e s i d ua l  e f fe c t  o f  u nd er fe e d i n g  wh i c h  i n  b oth c a s e s  wa s smal l . 

TABLE 1 . 9  The E f fe c t  o f  Thr e e  Weeks o f  Und er feed i n g  i n  Ea r l y  

Lac t a t i o n  o n  the M i l kf a t  Prod uc t i o n  ( kg / cow ) o f  H i g h  V e r s u s  Low 

Br eed ing I n d e x  ( BI )  Cows ( ad apted from Ngarmsak , 1 98 4 ) .  

Hi g h  B I  Cows 

Sta g e  o f  Gen . Res . Gen . 

Lac t a t i o n  - R e s . 

( weeks ) 

E xEe r imen t a l  

8- 1 0  2 1 . 5  1 8 . 6  2 . 9 

Post E xEe r i men t a l  

1 1 -27 7 8 . 4 7 8 . 2  0 . 2  

Res i d ua l  Effe c t  o f  

Under feed i n g  0 .  1 

Note : Gen . = Ge n e r o us P a s t u r e  Al l owanc e  

Res . = R e s t r i c te d  Past u r e  A l l owan c e  

1 . 3  VOLUNTA RY F OO D  I NTAKE B Y  GRAZ ING C OWS 

1 . 3 . 1  I nt r od uc t i o n  

Low BI Cows 

Gen . R e s . Gen . 

- R e s . 

2 0 . 5  1 7 . 2  3 . 3  

72 . 3  7 0 . 7  1 . 6  

0 . 5  

The pote n t i a l  i n t a k e  o f  a r um i n a n t  i s  d etermined b y  v ar io u s  

phys i o l og i c al and a n a t o m i c a l  fac t o r s  t og ether wi th c h a r ac te r i s t i c s  o f  

the d i e t . Achi e v em e n t  o f  t he r um i n an t ' s  po ten t i a l  i n take d epend s o n  
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limitations  i mposed by food a v a i l ab i l ity and  en v i ronmental  cond i t i o n s . 

I n  the grazing  si t ua t i o n , herbage  avai l ab i l i t y  may be r e st r icted  b y  

a v ar ie t y  o f  sward  char ac t e r i s t i c s  a n d  fac tors  o f  managemen t orig i n . 

Furthermor e , the fol lowi n g  e n v i ronmen tal factors  c an l imit  i ntake d ue 

to the i r  effects  on  e a t i n g  beha viour  : amb ient  temperature  ( mod i fi e d  

outdoors by a i r  movemen t , humid i t y  a n d  �o l ar r a d i a tion ) ,  water 

a v ai l ab i l i ty , r ai n fa l l ,  d aylength  and  the se a son  of g rowth of herbage . 

On th i s  l ast poin t , l ower voluntary  feed i ntakes have  been assoc i ated  

wi th  r uminan t s  fed  autumn g rown herbage  as o pposed to  spr ing  g rown 

herbage whi c h  i s  t ho ught to be due  to an e ffect o f  the seaso n  on 

herbage c hemical  compo s i t i o n  and d i ffer enc es  between seasons i n  

d a yl ength  ( Reed , 1 97 8 ) .  

1 . 3 . 2  I ntake Regul a t i o n  

T h e  most i mportan t fac to r  l im i t i n g  voluntary  i ntake i n  r uminan t s  

feed ing  on coarse for a g e s  i s  r umen fi l l . Exper imental  e v i d ence  h a s  

shown t h a t  t h e  regulation  o f  i n ta ke i s  biph a s i c  ( Conrad et a l , 1 96 4 ; 

D i n i u s  and Baumgar d t , 1 97 0 ; ARC , 1 980 ) .  Dur ing phase one i n take i s  

r e s t r ic ted ph ys i c a l l y  ( pr imar i l y  d ue to rumen fi l l ) .  I n  phase two 

intake  i s  unr es t r i c te d  but  c ontrol l ed at a l evel d epend ing  on the 

ruminan t ' s  metabol ic r e qu i r em en t s . 

1 )  Phase  1 - The R e st r i c t i o n  o f  I n ta ke by Phys i c al Factor s  

I ntake i s  d etermined  b y  t h e  r ate at  whi ch d igesta  a r e  r emoved from 

the r umen b y  absorpt i o n  o f  d igest i b l e  components and  the pa s sage o f  

i n d i gest ible  componen t s  t hrough  t he al imen ta r y  t r ac t  to b e  excreted a s  

faec es . The se proc e s s e s  a r e  i n f l uenced by the s a m e  facto r s  which  

determine  the  d igest i b i l i t y  of  a feed  e . g .  c rude  fibre  % .  With  s lower 

r ates  of d igestion and p a s s a g e  ( implied  by decreasing  d i gest i b i l it y ) , 

i n take i s  more phys i c a l l y  r e s t r a i ned by rumen fi l l . Hence 

d i gestib i l ity  and other factors  whi c h  i n fl uenc e  r umen fi l l  ( such a s  

an i mal si ze and fa tnes s )  a l so l im i t  i ntake . 

2 )  Phase 2 - The Cor. trol  o f  I n take Accord ing to Metabol ic Demand 

With feeds  o f  h i g h  d ig e st i b i l i t y  ( such as concentrate s ) , i ntake i s  

unl imited by phys i c al r e st r i c tions  due  to r um en f i l l . I t  i s  then 

control l ed at a l evel  d e te r m i n ed b y  the rumin ant ' s  nutrient  

requ i r emen ts for maintenanc e ,  s upport o f  a g iven physiological  state 

( growth , pregnanc y ,  l ac t a t io n )  and level of  prod uc t i o n . 

Feed intake i s  u s ua l l y  d e s c r ibed  i n  ter ms o f  e nergy  s i n c e  it  i s  

a s sumed that energy i n take  i s  t he major  limiting  factor  to produc t i o n  

a n d  t h a t  prov ided e n e r g y  r e qu i r emen t s  for production  are met , prote i n , 



mineral  and v i tamin r equir ements wi l l  not usual l y  be  l im i t i ng . 

3 )  Phys i o l ogic al Mecha n i sms  

2 6  

The in i tiation  o f  feed ing seems to occur  i n  respo n se to a r e l at i ve 

d e fic i t  o f  energy to supp l y  r equi r ements  ( Forbes , 1 98 0 , 1 98 3 ) .  Dur in g  

the phys i c al phase  o f  i n take r egulation , r umen fi l l  i s  t hought to 

restrict  i n take by phys i c al  stimulation  of str etch r ec epto r s  i n  the 

rumen wal l .  Such receptors  have been identi fi ed e l ec trophys i o l og i c al l y  

by Lee k and Hard ing ( 1 97 5 ) .  

When no restr ictions  a r e  p l aced on intake , feed ing  i s  stopped i n  

response to o n e  o r  m o r e  sat i e ty s i gnals  i nd icating  t h a t  the an imal ' s  

energy requ i r emen ts h a v e  been met ( Forb es , 1 983 ) .  Such  s i g n a l s  could  

be  metabol ic and/ or hormonal ; acetate , propio n ate and chol ecystoki n i n  

al l seen t o  b e  important  a s  s i gnal  substances ( Smith e t  al , 1 97 4 ; 

Me i j s ,  1 98 1 ) .  I t  seems l ikel y t hat  the l i v er pl ays an  important  r o l e  

i n  receiving  these humor al satiety  si gnal s a n d  tr ansm i t t i n g  the 

i n formation  to the hypothal amus ( Forbes , 1 98 3 ) .  

In  the l ong term , there  a r e  feedbacks from bodyfat  r e se r v es whi c h  

mod ulate the short  term control  o f  feed intake to prov ide  l ong term 

stab i l ity of bod y we i ght and compo stion ( Forbes , 1 983 ) .  The mechan i sm 

o f  the negati ve feedback from fat on feed ing i s  not yet  c l ear and i t  

may only  b e  spec ul ated t hat  t he e ffect  o f  fa t o n  feed ing i s  s i m i l ar fo r 

rum in ants  compar ed to rats  but  mod i fied by the e ffec t s  o f  a r ti ficial  

sel ection fo r rapid  r a t e s  of  rattening  ( ibid ) . The l atter  si tuation 

may be extended to selection  for high  yielding  cows , a cha�acte r i st i c  

of whi c h  i s  the ab i l i t y  t o  produc e  more m i l k  a t  the e x pense  o f  bod y f a t  

reserves . 

1 . 3 . 3  The Restr iction  o f  Intake by Rumen Fi l l  

Whe ther o r  not rumen fi l l  l imits  intake d epends  o n  the e qu i l ibrium 

between d egree o f  fi l l , stretch  o f  t he r umen and  rates  of  d i gestion and  

pa ssage  ( Van  Soest , 1 982 ) .  Certa in other  fac tor s  may  a l so restrict  

intake inde pendently  of  r umen fi l l  e . g .  nut r i e n t  d e f i c ien c i e s  i n  the 

feed ingested , a c i d i c  cond itions  in the r umen , food pal atab i l i t y  and 

tox ic sub stances ( ibid ) .  Factors which  a ffec t  intake  through t he ir 

in fluence on rumen fi l l  wi l l  now be  consi dered . 

1 . 3 . 3 . 1  An imal Fac to r s  

The e ffect  o f  gut c a p a c i t y  on i n take h a s  c l e a r l y  b een d emonstrated 

by d i splac ement o f  t he gastrointest inal  space wi th i n er t  mat e r i a l  such 
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a� b a l l oon s , s ponges  o r  plast i c  r ibbons ( Van  Soest , 1 982 ) . Gut 

c apac i t y  is most impo r ta n t l y  d etermined by s i ze of t he al imen tary  t r act 

and abd om inal  c a v i t y  whi ch  is close l y  r elated to s i ze of the r umi n a n t . 

Accord i n g  to Bi n e s  ( 1 97 9 ) ,  i t  may be  argued that an i n c r e ase i n  LW 

wi thout c hange  i n  bod y composi tion  wi l l  be accompanied  b y  a s i m i l a r  

inc r ease i n  bod y v o l ume  a n d  hence in  gut c apac ity . The r e fo r e , i n t a ke 

w i l l  be l inearl y r e l ated to LW ( at c omparable  fatness ) .  Thu s , Conr ad 

et al ( 1 96 4 ) hav e  shown i n take to be propo r tional to Lw 1 • 0 when r um en 

fi l l  i s  l im i t i n g  i n take  for fee d s  o f  low d i gest i b i l i t y  ( 52-6 6% ) .  LW 

v ar i e s  wi t h  b reed , s e x  and age  and hence these fac to r s  a l so i n flue n c e  

intake through r umen f i l l . 

Gut c apac ity  may  fur ther be  l imited by d i splac ement o f  the  abd ominal  

c a v i ty i n to whi c h  t he r umen e x pan d s  during eati ng . Thi s  can b e  c aused 

by fat  deposits  wi t h i n  and around  the abdominal  cavity o r  b y  foetal  

d i s placemen t  d u r i n g  l ate pregnanc y .  Bi nes e t  al  ( 1 96 9 )  obser v ed that  

thi n cows ate more ha y t ha n  fat  c ows wi th no d i ffer ence  i n  t he mean 

retention  t i me of d ig e sta  i n  the rumen . An effect of fat n e s s  on i n take 

independent  of r umen f i l l  was al so d emonst r ated . 

1 . 3 . 3 . 2  Food Cha r ac te r i st i c s  

1 )  Digestib i l i t y  

Digestib i l i t y  h a s  l ong been pointed to a s  a major factor i n flue n c ing 

in take since d igest i b i l i ty is  d etermined by t he same factors  whi c h  

determi n e  r umen fi l l  i . e .  i n d i gestib i l i t y ,  r ates o f  d i gest i o n  and 

rete n t i o n  time . Hodgson e t  al ( 1 97 7 ) found the organic  matter 

d i gest i b i l i t y  of  t he herbage selec te d  had a d omin ant  i n f l uence  on the  

int8ke  of  st r i p  g r a zed calves . E x pe r iments  with cattle  g r a z i n g  

tempe r ate sward s ( re v iewed by Hodg so n , 1 977 ) have shown a s i g n i fi c an t  

and constant  r ate o f  i nc r e ase in  her b age i ntake over t h e  ful l  r an g e  o f  

d igesti b i l i t y  v al ue s  studied , i . e .  55-8 5 % ,  as  i s  i ll us t r ated i n  fi gure  

1 . 3 .  

I n  contrast  to Hodg son ( 1 977 ) ,  Balch  and Campl ing ( 1 96 9 ) r e v iewed 

earl y  i n d oor tr i a l s  and concl uded that intake increases l in e a r l y  wi th  

d igest i b i l i t y  up  to a v al ue of  only  65-70%  above whi c h  i n take  c ha n g es 

l i ttle . However , Hodg son ( 1 97 7 ) fur ther r eports that  the r e s u l ts o f  
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FIGU R E  1 . 3 The R e l a t i o n sh i p  between Digest i b i lity  o f  t he Die t  Selected 

( OMD% ) and the Herbage Intake ( g  OM/kg l i vewe i ght ) o f  Lac tating  Cows 

( ---- ) and Growing C a l v es( ____ ) ( from Hodg so n , 1 977 ) .  

R e fe r ences  as  i n d i c ated on the fi gure are a s  fol l ows : -

4 = Corbett ( 1 96 3 ) 

5 = Hod g so n  ( 1 96 8 )  

6 = Holmes ( 1 972 ) 

7 = R od r i g ue z  Capr i l e s  ( 1 97 4 )  

8 = Stehr ( 1 97 6 )  

For references  4 , 5 , 7  and 8 ,  e quations  are  quoted by a u t ho r s (  mod i f i ed 

whe r e  n ec es sar y to a c ommon LW base ) For refer ence 6 ,  e qu a t i o n  

cal c u l ated from autho r s ' data . N o  equations  d i ffer ed s i g n i fi c an t l y  

from l i near ity . 
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sever al more recent  indoor t r i a l s  with e x ten s i v e  ser i e s  o f  fr esh , 

(ro zen o r  d r ied fo rages support  the results obtained w i t h  g r a z i n g  

catt l e . 

The d i ffer en t i n ta ke/digesti b i l i t y  r e l ationships  o b t a i n ed may be  

par t l y  e x p l a ined by t he fac t  that  the e a r l y  wo rk  wa s c ar r ied  out wi t h  

matur e ,  n o n  prod uct i v e  animal s whe r eas t h e  more recent  wor k  r el ates  

pr i n c i p a l l y  to l actating  cows o r  an imal s with  some c ap a c i t y  for  g rowth 

( ib i d ) . The highe r  the metabol i c  d emand o f  a r um inan t , t he h i gher i s  the 

digesti b i l i ty of i t ' s  d iet to whi c h  r umen fi l l  l im i t s  i ntake a s  i s  

i l l us t r ated in figure  1 . 4 .  Furthermor e , i n  the g r a z i n g  s i tuation  sward 

cha r ac te r i st i c s  ( such a s  herb age mass  and  swsrd  canopy s t r ucture ) 
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interact  wi th e ach  other and w i t h  d i gestib i l ity  t o  produce r e s po n s e s  i n  

herbage i n take that m a y  not be  obta i n ed i n  indoor feed ing  t r i a l s .  

The d igest i b i l i t y  o f  t he p l a n t  componen t s  selec ted from a sward wi l l  

ther e fo r e  e x e r t  a dominant  i n fl ue n c e  o n  rumin ant i n take and  per formance 

F IGU R E  1 . 4 Composi te Di a g r am of R e l a ti onsh i ps between Vol un t a r y  I n take 

and Animal  and Food Facto r s  i n  Rumi n a n t s  ( from Forbes , 1 983 ) . 
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over a wide  r ange o f  d igest i b i l i t i e s  for animals  o f  h i g h  n u t r ient  

demand on a for age d i e t , part i c u l ar l y  in  t he grazing  s i tuation . 

2 )  Den s i t y  

D i e t a r y  d e n s i ty ( the vol ume occup i e d  per u n i t  we ight o f  i n d igest i b l e  

mater i a l ) i s  another fac to r  i n fluen c i n g  rumen fi l l . Pete r se n  and 

Baumg ar d t  ( 1 96 9 ) ( ci ted by Baumgard t , 1 970 ) concluded from wor k  wi t h  

r ats t h a t  energy  d en si ty ( MJ DE/un i t  volume ) was a better  pred ictor o f  

i n take than  energy concentr ation  ( MJ DE/kgDM )  alone . The r e fo r e , a t  a 

g i ven l evel  o f  d igestib i l i t y , feed s  o f  highe r  densi ty such  a s  g round 

for ages  wi l l  be assoc i a ted wi t h  h i g he r  intakes t han  fee d s  of  l ower 

d en s i t y  such  a s  longer for ages  ( see  fi gure 1 . 4 ) .  

3 )  Cel l  Wal l Content 

The c e l l wal l  content ( CW C ) of a d ie t ,  i . e .  the conten t o f  

str uc t u r a l  carbohyd rates ( ce l l u l o se , hemicell ulose , l i gn i n  and s i l ic a ) , 

has  r e c en t l y  b een estab l i shed  a s  the  pr imar y feed char acter i st i c  

respon s i b l e  for the e ffect o f  r umen fi l l  o n  intake ( Van Soest , 1 98 2 ) .  

I ntake i s  d ependent  upon the structural  volume o f  a feed ( as i t  a ffect s  

r umen fi l l )  and , therefore , ew e .  Di gesti b i l ity i s  d ependen t upon t h e  

0dC o f  a feed a n d  its  a v ai l ab i l i t y  t o  d igesti o n  a s  d etermined  by 

l i gn i fi c a t i o n  and other fac to r s . Thus , i n take i s  only  i n d i r ec t l y  



rel a ted to d i gestib i l i t y . Suppor t i n g  e v idence  for the pr imar y 

in fluence  o f  ew e on in take i s  ex pound ed upo n  by Van Soest  ( 1 982 ) .  

30 

Di f fe r ences . i n i n take between spec ies/var ieties o f  pasture  p l an t s  at  

the same  l evel  o f  d i gestibi l i t y  h a v e  been shown whi c h  have  been 

att r i buted to d i ffer ences  i n  crude  fi bre% rel ated to ew e ( Ra ymond , 

1 96 9 ) . For  ex ample , indoor feed ing  t r i a l s  have d emonstr ated hi g he r  
� 

intakes fo r legumes than fo r grasses  a t  the same d igesti b i l ity  ( ibid ) .  

4 )  Mec han i sms b y  whi c h  Feed Char acte r i st i c s  Influence I n take through 

Rumen Fi l l  

Forages sometimes d i ffer in  t h e  i n takes the y  promote i n d epend en t l y  

of  d i f fe r ences  i n  r umen fi ll  and i t  appears  that ewe a ffec t s  i n take 

through t he a l l e v iation  o f  r umen fi ll  ( Van Soest , 1 982 ) . Rumen fi l l  is  

allev iated by the  r ate o f  d igest i o n  ( kd ) and the r ate of passage  ( kp ) 

of  whi c h  t he l a t ter i s  best rel ated to i n take ( ibid ) . S i n c e  kp i s  

dependent  upo n t he r ate of  breakd own o f  par ticles  i nto si zes smal l  

enough to p a s s  from the rumen , t he importance o f  r umination  and 

par t i c l e  b reakdown in the alleviation  of rumen fi ll  is empha si zed . 

Ev idence po ints  to the assoc iation  o f  CWC w i th thi s e ffec t ( Van Soest , 

1 982 ) .  

5 )  Facto r s  I n fl uenc ing  the Charac te r i st i c s  o f  Herbage I n gested by 

Grazing  Cows Affe c t i n g  In take 

i )  Sward Matur i t y . The ratio  of  p l a n t  l eaf : she ath : stem , c hanges  wi th  

stage of  plant  g rowth ( d epend ing on  plant  species  or  v ar ie t y )  and 

se asonal e ffec t s  such t hat there i s  v ar i a ti o n  in  plant  d i gestib i l i t y  

and ew e .  Hutton ( 1 9 62 ) reports the r e s u l ts o f  1 20 digest i b i l i t y  t r i a l s  

in  whi c h  non-l actati n g  identical  t wi n  cattle  were fed fr e sh herb age 

indoors  for si x months .  Seasonal c hanges  i n  the appa r en t  d igest i b i l i ty 

of  energy wer e  t r ac ed . Corbett e t  a l  ( 1 963 ) found that a s  pasture  

digest i b i l i t y  decl ined during  the spring  from 80% to  6 8% , it  was 

accompanied  by a fal l of  about 20% in d i gest ible  organic  matter i n t a ke 

( DOMI ) by l actating  cows . Seventy  f i v e  % of this  d ec l i n e  i n  intake was  

d ue to  the  d ec l i n e  in  d i gestibil i t y . The e f fect  of  sward matur i t y  o n  

sward characte r i st i c s  ( such a s  herbage  mass  and  sward  canopy struc tu r e )  

must a l so be  borne in  mind since t he se m a y  i n fluenc e  intake b y  g r a z i n g  

cows ind ependen t l y  o f  d i gest ib i l i t y . 

i i ) Botan i c al Composi tion . At the same phys iological  sta g e  o f  g rowt h , 

pasture spec i e s/var i e t i e s  have been shown to vary i n  d igest i b i l i t y  

thereby a ffecting  intake a s  a result  o f  d i fferences i n  t h e  r atio o f  

le a f : sheat h : stem ( Raymond , 1 96 9 ;  Smetham , 1 97 3 ) .  For e x ampl e ,  

r yegrass h a s  been found to be mor e  d igest ible  than cocks foot at  s imi l ar 

stages o f  g rowth and in  per ennial  r yegrass  the tetr aploid  v a r i ety mor e  
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d i ge s t i bl e  t han t he d i pl oi d  var i et y  S2 4 ( D ent an d A l dr i ch ,  1 96 8 ) . 

i i i )  S el e c ti ve Gr a zi ng .  A s  swar d  c om pl e x i ty ( i n  t e rms of s t r u ct ur e  and 

com pos i ti on )  i ncr eas es an d t he e f f i ci en c y  of gr a zi ng ( i n  t erm s of the 

amo unt of h er ba ge per gr a zi n g  anim al ) de cl in es , the i m pa ct of s el e c t i ve 

gr a z i ng i ncr eas es ( H odgson , 1 977 ) . C ows sel ect yo un g , gr een , l ea f y  

m at eri al in  pr ef er en c e  t o  old , dead , s t emm y m at e ri al r es ul t i n g  i n  a 

d i et of im pro ve d  n ut r i ent co nt ent com par ed  t o  t hat of the s war d as a 

w hol e an d t her efor e i nt a k e  i s  hi gher t han e x pe cted ( Ho d gs on ,  1 9 82) . 

1 . 3 . 4  The C ontrol of I nt ake by Ener gy D em an d  

A t  an y o n e  t i m e t he t ot al dem an d  f or ener gy by t he gr a zi ng r um i nant 

de pen ds u po n  i nt er a c t i o ns among genot y pe , bod y  si ze , f at n es s , t he 

pot ent i al en er gy l os s  due t o  l act at i on ,  ener gy e xpen d i tur e  i n  e xer c i s e 

and gr a zi n g  an d e x pen di t ur e  i n  co unt e r i n g  cl i m a ti c ef f e c ts . 

1 )  C ow L i ve w ei ght 

F or f ee ds of hi gh d i ges t i bi l i t y  whe n  r umen f i l l  i s  no l onger a 

l im i t i ng f ac t or , i nt ake i s  pro po r t i onal to m et abol i c  L W  ( LW0 • 7 5 )  f or an 

a n i m al of gi ven ph y s i ol o gi cal s t ate , as has be en s hown b y  C o nr a d  et al 

( 1 9 6 4 ) . Such a r el at i o ns h i p ari s es f r om  t he r e as o ni n g  t ha t  ma x i m a l  

f ee d  ca pa c i t y  i s  rel at e d  a ppro x i m at e l y  t o  bas al met abo l i sm ( Bro d y , 

1 94 5 )  an d t hat t her e i s  a l i n e ar corr el a t i on between t he l o gari t hm of 

b as al met a bo l i sm an d  t he l ogar i thm of L W  show i ng t hat bas al met a bo l i sm 

i s  pro por t i on al to  a gi ven pow er f un ct i on of LW i . e .  meta bol i c  LW 

( Kl ei ber , 1 96 1 ) .  The pow er of 0 . 75 i s  convent i onal l y  used to ca l cu l at e  

cow m et a b ol i c LW and gi ves r e as on a bl e  a gr e ement i n  most c as es . 

H ow ever , t he pow er at whi ch L W  i s  bes t  rel at ed t o  i nt a ke can var y w i th · 

s uc h  f a ct o rs as br e ed , se x an d a ge of t he ani m al an d of co urs e w h et her 

or not r um en f i l l  i s  a l im i ti ng f ac t or as di scuss ed pr evi ousl y ( M ei j s ,  

1 9 8 1 ) . 

2 )  C ow C on d i ti on ( f at ness ) 

B i nes et al ( 1 96 9 )  f oun d t h i n  cows at e mor e  of a h i gh co n ce nt r at e 

d i et t han f at cows t hus demons trat i ng an eff ect of f at ness whi ch w as 

i n de pendent of r um e n  f i ll . T h er e i s  1 i t  tl e i nf o rm a t i on a va il a bl e  a bo u t  

thi s eff ect f or gr a zi ng an i m al s  ( M e i j s ,  1 981 ) .  

H o d gs on ( 1 977 ) has pr es e nt e d  d at a  f or gr a z i n g  cattl e whi ch 

il l us tr at e t he chan ge i n  ener gy d e m an d  an d he n ce her ba ge i nt a ke per 

uni t LW d ue to a ge ,  pr e gn an c y  an d l a ct a t i on.  I nt a k e  w a s  fo un d  to  v ar y 

s i gn i f i cant l y  between pr egn ant he i f ers , ca l ves an d l act at i ng cows 

· wi t hi n  e a c h  of t hr e e  pe rio ds . 
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3 ) Pregnancy 

The d emands  o f  pregnanc y a r e  smal l i n  r e l ation to the d eman d s  

imposed b y  the l actati n g  mammar y g l and and i t  is  not u n t i l  l ate 

pr egnancy that foetal  requ i r emen ts become important when paradox i c a l l y ,  

the r e  i s  a dec l i n e  i n  intake . Thi s  d e c l i n e  has  been ascr ibed t o  a 

dec reased effe c t i v e  r umen vol ume and a change  in endoc r i n e  b al an c e  

( Bines , 1 976b ; Forbes , 1 97 0 ) .  

4 )  Lac tation 

An increase in  energy d emand and henc e  i ntake occu r s  with l ac ta ti o n . 

Lac tating  cows e a t  3 5-5 0 %  more than non-lac tating  cows o f  the same 

wei ght and on the same d iet ( ARC , 1 980 ) . A 50 % di ffe r ence  i n  t he 

her bage i n take o f  s t a l l fed l actati ng  and non-lactati n g  twi n cows b y  

the fi fth month o f  l ac tation  ha& been d emonsta ted b y  Hu tton ( 1 9 6 3 ) .  

5 )  Stage  o f  Lac t a t i o n  

The r i se and f a l l  o f  intake w i t h  s t a g e  o f  l actation  fol l owi n g  the  

r i se and fa ll  o f  milk  yield  has been  c l e ar l y  d ocumen ted ( Bi n e s , 1 97 9 ) .  

However there i s  a prob l em i n  r e l a t i n g  i n take to the l evel o f  m i l k  

yie l d  in  l acta t i n g  c ows due t o  the mob i l i zation  and stor age o f  body  

reserves . In  e2r l y  l ac tation  pe ak intake  is  r e ached sometime a fter  

pe ak mil k yield  and LH  is  l o st i n  compe n sa t i o n  ( ibid ) .  Reason s  fo r 

thi s  lag  o f  i n take behind  m i l k  yield  ar e uncl ear . Var ious sugg est i o n s  

inc l ude : grad ual hyper troph y  o f  the al imen tary  tract ( Tu l l oh , 1 96 6 ) ;  

time taken for the r ate o f  metabol i sm i n  the r umen and ti ssues t o  ad apt 

to the inc reased nutr ient  d emand after c al v i n g  ( Bines , 1 97 6 a ) ; t i me 

taken for the mob i l i zation  o f  abdominal  fat d e posi ted b e fore  c a l v in g  to 

allow max imum rumen fi l l  ( ib id ) ;  a n  in fluence  o f  endoc r i n al facto r s  o n  

inta ke i n  ear l y  l actation  ( Forbes , 1 970 ) and the rel e a se o f  free  fatty  

ac i d s  from ad i pose  t i s sue a fter c al v i n g  correspond in g  to a l ow i ntake  

( Journet and  Remond , 1 97 6 ) .  

A physi c al l im i ta t i o n  on  i n take with l ong  roughages  seems l i kel y ,  

espe c i a l l y  i n  e ar l y  l ac tation  when ener g y  d emand s o f  l ac ta t i o n  a r e  

rel atively  high  ( Forbe s , 1 97 0 ) .  Peak i nla ke i s  reached ear l ie r  a ft e r  

calv ing w i t h  d i e t s  o f  h i gher metabol i zab i l i t y  ( Jour net  a n d  Remon d , 

1 97 6 ) .  However , phys i o l og i c al l imiting  factors  are a l so impl ied  s i n c e  

complete e qu i l i b r a t i o n  o f  i n take with energy  output h a s  n o t  b ee n  

ac hi e ved i n  ex pe r imen t s  i n  whi c h  hi gh l ev e l s  o f  concentrates  wer e f e d  

ad l ib i tum in ear l y  l ac tati o n  ( Bines , 1 97 9 ) .  Possib l y  t hi s  i s  d ue t o  

acc umulation  i n  the r umen d u r ing  e a t i n g  o f  t he end products o f  

fermen tation  b ut a ttempts t o  recti fy t hi s si tuation through 

neut r al i zation by buffers have  not been c ompletely successfu l  ( ib id ) . 

Clearly  mor e  wor k  i s  r equ i r ed . 
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Probl ems a ssoc i a ted wi t h  the measurement o f  i n take for g r a zi n g  cows 

further increase the d i f fi c ulty o f  r e l ating  i n ta k e  to level  o f  m i l k  

yield  ( see 4 . 1 . 1 ) .  

6 )  Cow Gen etic  Potenti a l  

I nc reased intake p e r  u n i t  o f  LW and  metabol ic LW by  cows o f  s u p e r i o r  

genotype has been d emons t r ated ( Br yant  and Trigg , 1 98 1 ; G r a inger  et  

al , 1 98 5 a  and  b ) . t ' Ha r t  ( 1 97 9 )  ( c i ted by Me i j s ,  1 98 1 ) found a -- � 
s i g n i f i c ant , pos i ti v e  r e l ationship  between the i n ta ke o f  g r a zi ng c ows 

and the level of  d a i l y  m i l k  yield  a t  compar ab l e  stages  of l actati o n . 

ARC  ( 1 9 80 ) quote a v alue  o f  0 . 2  kgDM i ncreased i ntake per k g  i n c r e a s e  

in  fat corrected m i l k  p e r  d ay fo r d iets  o f  55-65 % metabol i zab i l i ty  ( as 

r ep r e sentative  o f  short t e r m  tr i a l s ) . 

However these inc rease s i n  i n take account for only  a portion o f  t he 

i n c r e a se in  milk  yield  s i n c e  cows o f  h i gh poten t i a l  par t i t i on food 

en ergy  mor e  effic iently  towa r d s  m i l k  production , storing  l e s s  energ y  a s  

bod yfat ( Gr a i nger e t  al , 1 98 5 a ) . 

1 . 3 . 5  Herbage Allowance  and  i t s  Relationship wi t h  Her b age Intake 

1 )  Herbage Allowanc e  and  Herbage I n take 

Herbage allowanc e  or  i t s  r ec i procal , grazing pressur e ,  ( see  tab l e  

1 . 1 0 for d e f i n i tions ) i s  u s u a l l y  the single most i mportant  factor 

i n f l ue n c i n g  herbage intake  in the g r a zi ng s i tuati o n .  R attr ay and 

J a g us c h  ( 1 97 8 ) suggest t h a t  the allowance of pa s t u r e  ( see  table 1 .  1 0 )  

i s  probab l y  the s i n g l e  factor  that i s  r esponsible  for d i ffe r ences  i n  

prod uction per an imal between farms , b etween  year s and between sto c k i n g  

r a t e s  und er New Zeal and pa storal  cond i tion s . 

Leaver ( 1 97 6 ) has d e s c r i b ed the theoret i c al r e l ationsh i p  b etween the 

amount  o f  herbage o ffered  and  i n take . Animal intakes are max imal at 

low g r a zi n g  pressure  whe r e  l arge  qua n t i ti e s  of herbage are  a v a i l ab l e . 

As g r azing  pressure i s  i nc reased , a n imal i n takes d ecl ine  i n i ti a l l y  v er y  

s lowly and  eventua l l y  more r api d l y .  Finally a poi n t  i s  r eached whe r e  

the herbage i s  i n ac c e s s i b l e  i n  the b ase o f  t h e  swar d  and intakes r e ac h  

zero . 

Gordon et al ( 1 96 6 ) ,  Greenhalgh  e t  al  ( 1 96 6 ;  1 96 7 ) Combel l a s  and  

Hod g so n  ( 1 97 9 ) and  Le Du  e t  a l  ( 1 97 9 ) have all  d emonstrated that  the  

ac tual r e l ationship  b etween  daily  herbage a l l owanc e  and  herbage  intake  

o f  g r a zing  dairy  cows is  a symptotic  such that i n ta ke d ecl i n e s  a t  a 

progressively  faster r ate  whe n  the d aily  allowan c e  i s  r ed uced below a 

c r i ti c al l evel . Essenti a l l y  s i m i l ar r elationships  have  been 

d emonstr ated fo r l ambs and c a l v es under  st r i p  g r a z i n g  m anagement b y  



Gibb and Treacher ( 1 9 7 6 ) ,  and  Jamieson ( 1 97 5 ) c i ted by Combel las  a n d  

Hod g so n  ( 1 97 9 ) .  

2 )  New Zeal and Expe r i men t s  with Gr azing Da i ry Cows 

3 4  

Data from New Zealand  e x pe r imen ts o n  the r e l ationship  between 

he rbage i ntake and her b ag e  allowance  invol v i n g  rota tional l y  grazed ( as 

TABLE 1 . 1 0 Defi n itions  o f  Terms Used in  Rel at i o n  to Grazing  Animal s 

( based on Hodgson , 1 97 9 ) . 

TERM DEF I N ITION  

SWAR D  

SWA R D  CANOPY 

HERBAGE 

PASTURE  

HERBAGE MASS 

The above- and bel ow-ground  par t s  o f  a populatio n  

o f  herb aceous plants , c ha r ac ter i zed by a 

r e l ati vel y short hab i t  o f  g rowth and relatively  

conti nuous g round cover . 

The above-ground parts o f  a sward  ( as d e fi ned 

abov e ) . Thi s term c a r r i e s  with i t  conno tations  

of  t he d i str i but ion  and  ar r angemen t of  the 

consti tuent plant parts to  d i st i ngui sh it from 

' herbage ' .  

The abov e-ground parts o f  a population  o f  

herb aceous pl ants , viewed a s  a n  accumul ation  o f  

p l a n t  mater ial  with c ha r ac ter i st i c s  o f  mass  and  

n ut r it i v e  value , but no c o n no t a t i on s  o f  

o r g an i zation  o r  structure .  

An  a r e a  o f  sward , u s ua l l y  bounded  by a fence , 

consi d e r ed as  a functional  un i t  for grazing . 

The i n st antaneous measur e o f  t he total we ight o f  

herbage  per unit  area  o f  g round , prefe r ably  meas u r ed 

to g ro un d  level . 

HERBAGE A LLOWANC E The we i g ht o f  herbage avai l ab l e  per unit  o f  a n imal  

G RAZ ING P R ESSUR E  

RESI DUAL HERBAGE 

MASS 

l iv ewe i ght o r , more c ommo nl y ,  per  an imal at a p o i n t  

i n  time . 

The number o f  a n imal s o f  a spe c i fied class  per u n i t  

we i g ht o f  herbage at a po i n t  i n  time . 

The mass  o f  herbage r ema i n ing  a fter grazing . 

GRAZ ING EFF I C I E NCY Herbage  i n take expressed a s  a proportion o f  t he 

N UT R IT I VE VALUE 

herbage  accumulated . 

The concentration  o f  nut r i en t s  ( usually  d igest i b l e  

en er g y )  p e r  u n i t  we ight o f  herb age . 

Note : - Weight o f  herbage  i s  best expe ssed i n  terms  o f  d r y  o r  organ i c  

( ash-fr ee ) matter . 



opposed to set-stoc ked ) d a i r y  cows , a r e  presented i n  figure  1 . 5 .  and  

tab l e  1 . 1 1 .  A l l  t he e x pe r i ments show sim i l ar trend s of  i n c r e a s i n g  

FIGU R E  1 . 5  D a t a  f r o m  New Zealand E x pe r imen ts  i n  whi ch Cows G r a ze d  o n  

P a s t u r e  o r  Luc e r n e  ( from Holmes and Macm i l l an , 1 9 82 ) . 

POSTGRAZNG 

20 

35 

herbage intake ( kg DM / cow/day ) wi th i ncrea s i n g  herbage allowance 

( kg DM/ cow/day ) .  A s s o c iated with increa s i n g  herbage  a l l owanc e  a r e  

inc r ea s i ng r e s i d ua l  herbage m a s s  a fter  g r a z i n g  ( kgDM/ha ) and d ec re a s i ng 

grazing e f fi c i e n c y  f o r  a single  grazing  ( se e  tab l e  1 . 1 0 for 

d e fi n i tions ) .  Thu s , it is not possi b l e  to a c hi e v e  max imum herbage  

intake per  cow  and  a h i gh g razing efficiency  s imul taneous l y .  

I t  c an b e  seen  f r om figure  1 . 5  that the r e l ationship  between  h e r b age 

allowance and h e r b a g e  i ntake is  curv i l inear  whi c h  is  i n  agreement with  

the  l i teratur e r e v i e wed i n  1 )  in  1 . 3 . 5 . The  r ate of  inc rease  i n  i n take 

wi t h  a l l owanc e  fa l l s  a s  a l l owanue increases  unti l an a l l owanc e  i s  

r e ached beyond whi c h  i n take i s  no longer  l im i ted b y  herbage 

avai l a b i l ity  and  r e m a i n s  at  a constant , max imal level  which  i s  



TABLE 1 . 1 1  Val ue s  for Herb age  A l l owanc e ,  Intake and  R e s i d ua l  Yie l d s  

from E x pe r i ment s  with Dairy  Cows ( from Holmes and Macm i l l an , 1 982 ) . 

3 6  

Herbage  

A l l owance 

( kg DM/cow ) 

Herbage 

Intake 

( kgDM/cow)  

Post-Gra z i n g  

Residual  

Y i e l d ( kgDM/ha ) 

LACTATING COWS 

Bryan t ( 1 980 ) 

Paspa l um ,  r yegrass , 

clov er . 3 , 1 00kgDM/ha 

be fo r e  g r a zing . 

Glassey  e t  al  ( 1 980 ) 

Ryeg r a s s , cl over . 

2 , 700kgDM/ha before  

gr a zi n g . 

Bryan t ( 1 97 8 )  

Lucer n e . 

4 , 200kgDM/ha 

befo r e  g r azing . 

DRY COWS 

Holmes and Mc Clen aghan ( 1 98 0 ) 

2 , 850  to 4 , 020 kgDM/ha 

be fo r e  g r a zing . 

52  

4 0  

2 6  

1 3  

53  
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1 4  

3 8  

2 3  

1 8  

1 9  

1 3  

9 

6 

1 2 . 5  

1 1  • 6 

9 . 4 

9 .  1 

1 6 . 3  

1 4 . 3  

9 . 6  

1 6 . 0  

1 6 . 0  

1 2 .  1 

1 1 . 9  

9 . 6  

7 . 3  

5 .  1 

2 , 390  

2 , 250 

2 , 0 1 0  

920 

1 ,  850 

1 , 550 

750 

2 , 42 0  

1 , 7 9 0  

1 ,  380 

1 ,  220 

8 1 5  

500 

260 

determined by phys ic a l  and metab ol i c  factors o f  the an imal and its d ie t  

( see 1 . 3 . 3  a n d  1 . 3 . 4 ) . 

It  i s  a l so apparent  from figure  1 . 5  t hat the ac tual  quanti tative  

rel a t i o n sh i p  between in take , a l l owance and  residual  mass  v ar ied qu i te 

marke d l y  b etween e x per imen t s . Reasons  for such var ia t i ) n  most 

importantly  inc l ud e  : 

( a )  d i ffe r ences  i n  the b ase l e vel to whi c h  i n t a ke , a l l owance and  

resi d ua l  mass  wer e  measured , 

( b )  an imal factor s  e . g .  breed  ( Jersey  v er sus F r i e s i a n ) and 

physiol og i c a l  state ( dr y  cows ver sus l actating cows ) , 

( c )  di ffe r ences  i n  herbage  qual ity  e . g .  DM d i g e st i b i l ity  ( due to 

d i fferences i n  stage of matur i t y ,  botan ical  com po s i t i o n  and  

sel ec t i ve grazing ) and 
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( d )  var i a t i o n  i n  sward characte r i st i c s  e . g .  h e r b a g e  mass  on o ffer 

( kg DM/ha ) and sward  canopy s t r uc ture ( see  d e fi n i ti o n s  i n  tab l e  

1 . 1 0 ) .  

Swar d  char acter i s t i c s  a r e  c ommon l y  a confo und ing  i n fluence  in  

herbage a l l owan c e/herbage intake e x pe r imen ts . Thus , any r e l ationsh i p  

between i n t a ke , a l l owanc e  and r e s i d u a l  mass wi l l  apply  o n l y  to the 

par t i c u l a r  s e t  of sward  charac te r i st i c s  under whi c h  i t  i s  d etermin ed 

( Holmes , 1 98 4 ) .  W i t h  r egard  to poi n t s  ( c )  and ( d )  abov e ,  a l l owanc e  and 

residual  mass should probab l y  be  e x p r essed as k g  d igestible  DM/ha or kg 

leaf/ha i n  o r d er to g i v e  g reater p r e c i sion  to the rel a t i o n s h i ps ( Holmes 

and Macm i l l an , 1 982 ) . 

1 . 3 . 6  The I n fluence  o f  Sward  Char ac te r i s t i c s  o n  Herbage  Intake  

1 )  Ingest i v e  Beha v iour  o f  the Gr a z i n g  An imal 

Non-nut r i ti onal  char acte r i st i c s  o f  t he swar d , a ssoc i ated pr imar i l y  

wi th v ar i at i o n s  i n  t h e  mass  o f  herbage  and i t s  d i st r ib u t i o n  wi thin the 

fol iage  c anopy , may r es t r i c t  the i ntake  of g r a z i n g  an imal s ( Hodgso n , 

1 97 7 ) .  I t  was  f i r s t  shown conc l u s i v e l y  that  such r e s t r i c t i o n s  ar e d ue 

to beha v io ur a l  l im i tations  ( as wel l  the i n take regul atory  mechan i sms  

d i scussed  i n  p r e v io us sections  of  t h i s review)  by  Chacon  and  Stobbs  

( 1 97 6 ) for c ows grazing  sub-tropi c al swar d s .  Jamieson  and Hodgso n  

( 1 97 9 a  and  b )  have  c o n fi rmed thi s fo r anima l s  g r a zing  tempe r ate swar d s . 

Alld en and Whi tt q ker ( 1 97 0 ) have  d e fined the herb age  i ntake ( I ) o f  

a n  animal a s  t he product  o f  the r ate at  whi c h  i t  e a t s  ( R I )  and the time 

spent  g r a z i n g  ( GT ) . The r ate o f  herbage  consumpt ion  ( R I )  i s  i tsel f t he 

product o f  t h e  amount  o f  food ingested  per b i te ( IB )  and the r ate o f  

biting  ( RB ) , s o  that  : 

I = I B  X R B  X GT ( Hod g so n , 1 982 ) 

Such a v i e w ,  a lt ho u g h  mechan i s t i c , p r o v ides  a conven i e n t  b a s i s  for 

consi d e r i n g  the i n f l uence  o f  sward  char ac ter i st i c s  o n  intake . Bi te 

si ze ( I B )  is u s u a l l y  s ubj ec t  to substanti a l l y  more v a r i a t i o n  than 

ei ther RB or GT ( Ho dg so n , 1 982 ) .  When IB i s  d epr essed , RB and /or GT 

are i n c rease d  in compen sation  but t h i s  is seldom suff i c ie n t  to avoid 

some r ed uc t i o n  i n  i n take ( ibid ) . 

2 )  Gro ss  Swar d  Char acter i st i c s  and  Herbage Intake 

Acc o r d i n g  to Hod g so n  ( 1 97 7 ) ,  h e r b age  i n take usual l y  i nc r eases a t  a 

progre s s i v e l y  d e c r e a s i n g  rate  wi th  i n c rease i n  e i ther herbage  mass o r  

sward h e i g ht . Howe v er , the r e  i s  mar ked v ar ia t i o n  i n  the pattern  o f  
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response o b se r v ed in ind i v idual  stud i e s  ( Hodgson 1 977 ) .  Th i s  v a r i a t i o n  

may b e  par t l y  acc ounted for b y  d i ffe r enc e s  i n  techn iques o f  measu r i n g  

sward cha r ac te r i s t i c s  a n d  in take ( ib i d ) a n d  al so the confoun d i n g  

i n f l uence  o f  c oncomitant  changes i n  t h e  n utr itive value ( de fi n ed i n  

tab l e  1 . 1 0 )  o f  t h e  he rbage ingested ( Hodg son , 1 982 ) .  Fur thermore , i t  

has b e e n  suggested t h a t  other sward  char acter i sti c s , n amel y b u l k  

den s i ty o f  h e r b ag e  wi thi n t h e  sward  ( we i ght per u n i t  volume ) a n d  the 

ex te nded he ight o f  leaves  or t i l l e r s  ( as opposed to sur fac e  he ight o f  

the sward ) ,  m a y  provide  a more adequate d escr iption o f  sward  

avai l ab i l i t y  ( ib id ) .  

i )  Herbage  Mas s . The e f fects  of  herbage  mass and  herbage a l l owance o n  

in take have  o ften  b e e n  confused i n  g ra z i n g  studies . For i n stanc e , Le 

Du et al ( 1 98 1 ) varied  the herbage al lowance of conti nuous l y  stoc ked 

d a i r y  c ows by  v ar ying  herbage mass and ob tained a pos i t i v e  r e l ationsh i p  

with i n take whe r e a s  Combel l as a n d  Hodgson ( 1 979 ) found a negative  

rel ationsh i p  b etween herbage mass  and  intake at  equal  l e v e l s  of  herb age 

a l l owan c e  fo r s t r ip gr azed d a i r y  c ows . Me i j s  ( 1 982 ) carried  out t wo 

t r i a l s  wi th  st a l l  fed and grazing  cows i n  which  herbage mass  wa s v ar ied  

by var yi n g  sward  matur i ty wi th d a i l y  herbage allowance  kept e qu a l . 

There  wer e no sign i fi c an t  e ffec ts o f  mass  on d a ily organic  matter  

intake from her b ag e  fo r both stall  fed and gra zing cows . A prob ab l e  

explanation  fo r this  l ack  o f  e ffec t  w a s  suggested as  b e i n g  t h e  h i gh 

l evel o f  herbage  d igest i b i l i t y  whi c h  f ) r  a l l  treatmen ts e x c eeded 7 0 % .  

Her b age mass  appe ar s  t o  have l i tt l �  use a s  a non-nut r i ti o n al sward 

cha r acter i s t i c  i n  accoun ting  for var iation  i n  herbage i n ta ke . 

ii ) Bu l k  Den s i ty . The e ffec t  o f  b u l k  density  on intake has  seldom been 

ex amin ed i n  g r a z i ng stu d i e s  ( Hodgso n , 1 982 ) .  Sign i f i c an t  r e l ationsh i ps 

between l e a f  b u l k  densi ty and b i te s i ze have been d emonstr ated by  

Stobb s ( 1 97 5 ) for cattle  grazing  tro pi c al sward s but  the e ffec t s  o f  

l e a f  densi ty  and  l ea f : stem ratio  could  not b e  separ ated . 

i i i ) Swar d He ight . Accord ing  to Hod g son ( 1 982 ) ,  var iations  i n  herbage 

mass and i n  sur face  he i ght a r e  o ften closely correl ated and tend to 

in fluence in take in the same way . Measuremen t s  of sward he i ght i n  

terms o f  t he e x tended he i ght o f  l eaves  o r  t i l l e r s  may however  g i ve a 

quad r a t i c  r e l ationship  wi th i n take d ec l in ing on either s i d e  o f  an  

optimum ex tended he ight ( Hodgson , 1 982 ) . The  usual  interpretation  o f  

such an observation  i s  usual l y  i n  terms o f  the increasing  d i f fi c u l ty o f  

prehend ing  and ingesting  both e x ces si vely  long and very  sho r t  l eaves  

from the sward  ( ib i d ) .  Fur thermore , Hodgson ( 1 982 ) suggest s that  the 

phase o f  i n c r e a s i n g  intake o r  r ate of i ntake wi th inc reasing  he ight i s  

usua l l y  appa r e n t  i n  tempe r ate sward s  whereas  i n  tal l-growi n g  tropic a l  



sward s  the  pha se o f  d ec l in in g  i n take with i n c re a s i n g  height i s  more 

common . 

4 )  Swar d  Structure  and Herbage Intake 

39 

I t  seems t h a t  measur emen t s  of g ross swar d  characte r i st i c s  are l ikel y 

to be in adequ a te i n  themse l v es to e x pl a in v ar i a tions  i n  grazing 

behav iour and hence  herbage i n take ( Hodgso n , 1 977 ) . I nstead , a more 

deta i l ed d e sc r i pt i o n  of  sward structure  is  r equ i r ed whi c h  would seem to 

incorporate d e sc r i pt ions  o f  t he d i str ibut i on of plant  components w i thin  

the  v egetation  c anopy , and  par ti cu l a r l y  t he i r  a ssoc i a t i o n  wi th 

sho r t-term measurements  of i ngest i v e  behaviour w i t h i n  spec i fi ed swar d  

str ata ( Hodgso n , 1 982 ) .  The r e su l ts o f  studies  i nvol v ing  t h i s  approach 

have  i n d i c ated d i f fe r en c e s  between temper ate and tropi c al swards in  the 

sward  descr i pt ions  whi c h  b e st e x p l a i n  var i a t i on s  in i ntake such t h a t  

for tempe r ate sward s  i n ta ke appe ars  to b e  most sen si t i v e  t o  height o f  

t h e  g r a zed sur face  whi l e  for tropi c a l  swards  h e r b a g e  bulk  d e n s i t y  h a s  a 

greater  i n fluence  on  intake  than sward sur fa c e  he i g ht ( ibid ) . 



CHAPTER TWO 

METHODS AND  MATE R IALS 

2 . 1 A IMS OF THE E XP E R I MENT 

( 1 ) To eval uate the e ffects o f  under feed i n g  for four weeks i n  e ar l y  

l actation  on immed i a te and subsequent m i l k  yie lds per cow and  o n  m i l k  

composi tion . 

( 2 )  To examine the i n fluence o f  cow gen e t i c  mer it on the r e s u l t s  

obta i n ed . 

( 3 )  To measure post  t r e a tmen t e ffec ts o n  herbage intake . 

2 . 2  EXPER IMENTAL E N V I R ONMENT 

4 0  

The e x per imen t was c arried  out during  the 1 983-1 984  d a i r y  s e a so n  a t  

the Da i r y  Ca ttle  Research  Unit , Ma ssey Un i v ersity ( Palmer ston Nor t h , 

New Zealand ) .  Approx imate l y  1 00 cows plus  their  r epl acemen t s  a r e  

mil ked o n  an area  o f  4 5  ha . The herd con s i st s  o f  about 2 5  p a i r s  o f  

mono zygotic twin s  a n d  about 50 Friesian  c ows o f  high ( H )  or  l ow ( L )  

breed ing  index ( BI ) .  The l atter have been identi fi ed by the Farm  

Prod uction Di v i s i o n  of  t he N . Z .  Da i r y  Board  and purchased from 

N . Z .  d a i r y  farmer s ( Davey e t  a l , 1 983 ) .  

Pastures  are m a i n l y  a m i x ture  o f  per e n n i a l  rye g rasses ( Lo l i um spp. )  

and whi te cl over ( Tr i fo l iun r epen s )  wi th smal l  amounts o f  c ocks foo t  

( Dac t y l i s  glomer ata ) , p r ai r i e  g rass ( Bromus un iloides ) and red c l over  

( Tr i fo l ium pratense ) .  The soi l  type i s  Tokomar u s i l t  l o am whi c h  h a s  

been t i l e  and mol e d r a i ned . Topdressing  wi th  supe r phosphate  i s  c ar r ied  

out  annua l l y .  

2 . 3  OUTLI NE OF THE EXPERIM ENT 

2 . 3 . 1 Stati st ical  Design 

Thi rty  two HB� /LBI  c ows i n  the i r  second o r  subsequent  l ac t a t i o n  

( three-year-old s  v er sus mature cows ) wer e  u s e d  in a 2X2 fac to r i a l , 

repeated measuremen t e x per iment o f  r andomi zed block desi gn . The 

treatmen t s  imposed wer e  cow BI  and feed ing  level , e ac h  at two l ev e l s .  



Thus there  wer e  four treatmen t combination s  o r  g roups defi ned as  

fol l ows : 

Treatmen t 

Group 

( 1 ) 

( 2 )  

( 3 )  

( 4 )  

Cow B I  

h i g h  

h i g h  

low 

low  

Fee d i n g  Lev el 

r e s t r i c ted 

ad  l ib i tum 

r estr i c ted 

ad l ib i tum 

4 1  

Wi t h i n  each group , c ows wer e  blocked on a g e  so that dur ing  ana l ys i s  

o f  the r es u l t s  t he e ffec t  o f  age could be r emov ed before  e x amining  

treatmen t e ffec t s . 

2 . 3 . 2  C ow Sel ec t i o n  and  Rel evan t Data 

Thi r t y  two cows wer e  a v a i l ab l e  from the HB I /LBI herd at the 

beg inn i n g  of  t he 1 983- 1 984  season for the present  exper imen t . Cows 

wer e  grouped accor d i n g  to their  age and B I . Av er age BI  v a l ue s  wer e  1 27 

and 1 03 for the HB I and  LBI cows , r especti vel y .  Using  a r andom n umber s 

tab l e , c ows from e a c h  a g e  and B I  group wer e  r an domly a l l oc ated to a 

feeding  level  tr eatmen t . Thi s  r e s u l ted i n  four t r e atment  g roups ( as 

d efined abo v e )  each  contain ing  s i x  mature and  two three-year-old cows 

( eight i n  total ) .  

The e x pe r imen t a l  c ows c a l v ed over eight weeks  with  the mean c a l v i n g  

d ate 1 7t h  Augus t . A t  t he beginning  of  the e x pe r iment ( 1 2t h  Septembe r ) 

the cows wer e  o n  aver age 26 + 1 1  days i nto l actation . 

2 . 3 . 3  Feed ing Lev e l s  

I n  m id August 1 0  paddocks wer e  s e t  asi d e  from t h e  normal grazing  

rotation  o f  the  h e r d  for use in  the  prese n t  e xper imen t .  Grazing 

m an agement  wa s such  t h a t  by  t he beginn ing o f  the  e xper imen t t he 

paddoc ks r anged between an estimated 1 , 60 0  t o  3 , 300  kgDM/ha herbage 

mass  b e fo r e  g r a zi n g . 

The two experimental  feed ing level s wer e  a c h i e v ed by setting  t a r g e t  

v al ues  to herbage a l l owance ( us i ng t h e  d a t a  summ ar i zed i n  fi gure 1 . 5 ) . 

Thus a l l owances  o f  4 0-5 0 and 1 3- 1 5 kgDM/cow/ d ay wer e  used to aim fo r 

intakes  o f  1 6- 1 7  and  9- 1 1  k g DM/cow/day for t he ad l ib i tum and 

r e s t r i c ted  fee d ing  l e ve l s ,  r e specti v el y .  Herbage masses before  and 

a fter g razing  at  e a c h  feed ing  l evel are shown in p l ates A and B at the  
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end o f  thi s chapter . 

2 . 3 . 4  E xper imen tal Per iod s 

Per iod A ( ex per imen tal , 1 2/9/83 - 9 / 1 0/83 ) .  The experimental  cows 

wer e  g r a zed seperate l y  from the main herd in t he i r  four treatment 

group s  fo r four weeks t o  d etermine immed iate t reatmen t e ffec t s  o n  m i l k  

production  and herbage intake . 

Per iod 8 ( post-expe r imen t a l , 1 0/ 1 0/83 - 2 3 / 1 0/83 ) .  For a furthe r  two 

wee ks the e x �er imen tal cows c ontinued to be g r a zed seperately  from the 

main  herd but at a generous h erb age all owan ce for a l l  four t r eatment 

group s . The prev ious l y  ad l ibi tum fed cows ( groups ( 1 )  and ( 3 ) )  wer e  

gra zed sepe r ate l y  from the prev ious l y  r e str i c ted cows ( groups ( 2 )  and 

( 4 ) ) in order to d etermine any d i fferences in herbage in take . 

Per iod C ( post-exper i men t a l , 24 / 1 0/83 - 1 /5/84 ) .  The e x pe r i mental  

cows wer e managed as  part  of  the maiQ  herd  for the  remainder  o f  the  

d a i r y  season . No  further  d i f fer en t i al tr eatmen t was imposed ex cept 

that  some o f  the expe r i mental  an imal s wer e  i nvolved i n  two furthe r  

g r a z i n g  e x per iments . T h e  fi r st used e i ght o f  the H B I  cows o v er s i x 

wee ks i n  November /December and  involved high  v er sus l ow herbage  masses  

before  grazing  but at  a common herbage  al lowance . The second 

ex per i men t was fo r four weeks  i n  Mar c h/Apr i l  u s i n g  1 0  each of t he H B I  

a n d  LBI  cows used in the present ex per iment and  i n vol v ing feed ing  

treatmen ts o f  suppl emen tation  ( fi ve kg concentrates/ cow/ d a y )  versus  n o  

supplemen tation . 

2 . 4  MANAGEMENT OF THE E XPER IMENTAL COWS AND PADDOCKS 

1 )  Dai l y  Mi lking 

The d a i r y  herd was m i l ked twice  d a i l y  at  about 053 0 and 1 53 0  hou r s 

througho ut l actation i n  a walk-through d a i r y  shed . The rout i n e  

consi sted o f  a b r ie f ,  warm-water udd er wash ; hand str i ppi n g ; 

c up s  o ff ( automatic removal ) and appl ication  o f  a teat spr ay .  

c up s  o n ; 

Dur in g  

spr in g , cows wer e  d renc hed a s  a protec tion  a g a inst b l oat a ft e r  the 

p . m .  milking  before  b e i n g  let onto a fresh pasture  b reak . 

Dur ing per iod s A and  B ,  the  e xper imen tal  cows wer e  m i l ked a ft e r  the  

main  herd each  day  at  about  0630  and  1 63 0  hour s .  The y wer e  

subse quen t l y  returned to the i r  paddock plots  i n  the i r  treatment g ro up s . 

For ease o f  man agement cows i n  each group wer e  i d en t i fied  b y  n e c k l a c e s  

o f  a particular  colour . 



43 

2 )  G r a z i ng 

The herd  was  r o t a tional l y  grazed throughout l ac tation  and g i ven a 

fresh  pasture  b r e a k  each  24 hour s . Supplemen ts o f  hay  and s i l ag e  were  

fed a s  n ec es s a r y  in  l ate l ac tation . 

Dur in g  per io d s  A and  B t he experimental cows wer e g razed sepe r ately  

from  the  m a i n  her d  i n  the i r  treatmen t g roup s . Temporary  electr i c  

fen c e s  wer e  u s e d  to d i vide  t h e  e x pe r i mental  paddocks : 

i )  For per iod  A ,  c ows on r e s t r ic ted feed ing wer e  g r a zed in  a sepe r ate  

paddock  from  tho se  o n  ad  l i b i tum fee d ing . Ten  paddocks  wer e  g ra ze d  i n  

tota l . Each  was d i v id ed longitud i n a l l y  fo r the seper ation o f  BI  groups 

and transver s e l y  f o r  d ai l y  pasture b reaks ( back fences  wer e used  to  

preven t cows from e a t i ng the  regrowth of  p r e v ious l y  g r a zed b r e aks ) . 

i i ) S i x  o f  t he 1 0  e x pe r imen tal paddocks wer e  r e g r a zed in  per iod B i n  

the same way a s  i n  per iod A e xcept t h a t  cows wer e  all grazed in  o n e  

pad d oc k  ( the l ong i tu d i n a l  fence sepe r ating  cows accord ing  to the i r  

feed ing  level  d u r i n g  per iod A ) . 

Fresh pasture  b r eaks wer e  given fol l owi ng  each  a fternoon m i l k i n g  

except fo r r e st r i c te d  cows i n  per iod A wher e  b r eaks were gi v en a ft e r  

e a c h  m i l ki n g  t o  m in imi ze fou l ing of  the p a s t u r e  on  o ffer . 

Pre-determin a t i o n  o f  d a i ly pasture  a l l owances  : Herbage m a s s  

( kg DM/ha ) o f  the  p a r t i c u l 8r paddoc k  a r e a  about to  b e  grazed was 

i n i ti a l l y  e s t i mated  u s i ng an electron i c  probe ( Cl ar k , 1 980 ) . The probe 

had been c a l ibrated  with  cut t ing measurements j us t  prior  to the 

beg i n n i ng of t he e x pe r imen t . However  use o f  t he probe was d i scon t i n ued 

after only a few d ays in  favour o f  a n  Ell i nbank  r i sing pl ate meter 

( Ea r l e  and McGo wan , 1 97 9 ;  M ichel l , 1 982 ) . The r i s i ng plate  meter had 

been cal i b rated  wi t h  prev ious cutti n g  measur ement s  a t  the Dairy Cattle  

Research  Un i t  and  t he r egre ssion equation ( relating  meter r ead i n g s  to 

herbage m as s ) was mod ified  as actual herbage mass  d ata became avai l able  

from  sward  qua d r a t  cuts  ( se e  2 . 6 . 1 ) .  Dai l y  e st i mates o f  h e rb age mass  

wer e used to c a l c u l ate t he areas  o f  pasture  n ec essary  to o ffer the  

r e qu i r ed herbage allowances  at e ac h  feed ing  l ev el . An example  i s  g iven 

in  append i x  1 .  

3 )  D r i n ki n g  Water  

During the e x pe r i men tal  periods  when c ows did  not always have  access  

to paddock t ro ughs , ample  water  was made a v ai l ab l e  i n  l ar g e  troughs at  

the milking  shed . 
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4 )  An imal  He alth 

The c ows r eceived veter i n a r y  attention  as  necessa r y .  Throughout t he 

expe r i men tal  per iod s t here  wer e f i v e  c a ses of l ameness  d ue to foot 

infe c t i o n s , one case of grass  staggers  and one case of c l i n i c al 

mast i ti s .  

2 . 5  M EASUR EMENTS OF ANIMAL P RODUCTION R ESPONSES 

2 . 5 . 1 Mi l k  Prod uction , Compo s i t i o n  and Fatty Acid Compo s i t i o n  o f  t he 

Mi l kf a t  

Mi l k  y i e l d  wa s measured by the  use o f  milk  sampl ing  mete r s  ( Tru-test 

Di str i b utors  Ltd ) ,  whi c h  sampl e d  a propo rtion o f  the m i l k  f l ow of e ac h  

cow . Dai l y  yi elds  were obta i n ed b y  add ing together the r ecord ings  made 

at consec ut i ve a fternoon and mor n i n g  m i l kings . Measur ement s  of d a i l y  

yie l d  wer e  c arr i ed out a t  the fol l owi n g  frequencies : 

Per iod s A and 8 : three days per week 

Per iod C ( un t i l  3 1 / 1 2/83 ) : two d ays per week 

Per iod C ( 1 / 1 /85 to 2/5 /84 ) : one d ay per week 

Mean d a i l y  yields  wer e  cal c u l ated for each week . Mi l k  y i e l d  was  

al so measured fo r three days and  a mean obtained for  the wee k  

i mm ed i a te l y  prior  t o  per iod A ( pr e-exper imenta l ) .  

Mi l k  samples wer e  taken from con sec ut i v e  afternoon and  mor n i n g  

mil k i ng s . The y wer e combined and  tested fo r milkfat and  m i l k  protein  

concentration  ( % ) . The e qui pment u�ed consi sted o f  a m i l ko-tester , 

Mar k I I I  F 3 1 4 0 (A/s N Foss Electr i c , Denmark )  for meas u r i n g  fat % ,  and 

a Pro-mil k  tester , Mar k  II 1 2500  ( A/s N Foss Elec t r ic , Denmark )  for 

mea s u r i ng prote i n  % .  Yield s o f  m i l kfat and milk prote i n  wer e  

cal c u l ated for each cow from the d a i l y  measurements o f  m i l k  y i e l d , 

mil kfat % and m i l k  protein % .  Thu s  weekly  averages wer e  d etermined . 

Fatty Ac id Composi tion of the  Mi l k  Fat : Using a r andom n umber s 

tab l e , 1 6  o f  the e x per imen t a l  cows wer e  sel ected for a n a l ys i s  o f  t he 

fa tty acid  composition of t h e i r  m i l kfat  ( four cows from each  t r eatmen t 

group , i n c l uding one three-year-old and three mature cows ) . Sampl es 

wer e  col l ec ted in  the l ast week o f  per i od A ( 4 -5 and 6 -7 / 1 0/83 ) and  the 

fi r st week of period C ( 25-2 6 and 27-2 8 / 1 0/83 ) .  Two c ompo s i te 

( aft e r noon plus mor n ing ) sampl e s  wer e  taken per wee k .  

The method s and equi pmen t used  for the extr action o f  m i l kfat  from 

each sample and an alys i s  of the fatty acids  by gas l i q u i d  



c hr omato gr a ph y  ha ve been des cr i be d  i n  d et a il by Gr a i n g er ( 1 9 8 2 ) . A 

V ar i an A er o gr a ph 1 2 00 Gas C hr om at o gr a ph was us ed t o  an al ys e  t he f at t y 

a ci ds as t he i r  m et h yl es t ers an d a V ari an A ero gr a ph D i gi t a l I nt e gr at or 

4 80 was us ed  t o  o bt a i n  pr opor t i ons ( % ) of the i nd i vi dua l  f at t y  a c i ds .  

T hes e w er e  t h en gro u pe d  i nt o  s ho rt c hai n f att y a c i ds ( S C FA )  

( C 6 , C 8 , C 1 o : O • c 1 0 : 1 , c 1 2 , c 1 4 : 0 an d c 1 4 : 1 ) vers us l ong cha i n  f at t y a c i ds 

( L C FA) ( C 1 8 : O an d C 1 8 : 1 ) • 

2 . 5 . 2 C ow l i vew ei ght an d C on d i t i o n  S core 
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T he e x pe r im e nt al cows w er e  ea c h  w ei ghed an d con di t i o n s cor e d  ( si n gl e  

obs er va t i ons ) o n  t he day t ha t  t he y  c a l ve d .  Aver a ge l i ve w e i gt"t t s  ( LW )  

and con d i t i o n  s cor es ( CS )  at c al vi n g  w er e  as f ol l ows : 

L W ( k g ) CS 

X 0n- 1 X 0n- 1 
HBI cows 4 4 4  50 4 . 7 0 . 8 

L B I cows 4 7 7  60 4 . 7 0 . 4 

T her e af t er , r e cor di n gs of cow LW an d CS w er e  made at t he be gi nning 

an d en d o f  per i od A ,  a t  t he e n d  o f  per i od B an d  a t  i nt er va l s  t hr ougho ut 

per i o d  C .  T he r e cor di n g  at t he en d of peri o d  A w as ma d e  two da ys af t er 

r emova l  of t he cows f rom the i r  f ee d i ng t reatments t o  a l l ow f or 

e qual i z a t i o n  of gut f i l l . 

A t  ea ch r e co r d i ng ,  m eas ur em en t s  wer e made at abo ut 0800 h o ur s  f or 

two or t hr e e  co ns e c ut i ve da ys . C ows w er e  w ei ghed ( unf as t e d ) an d 

ass i gn e d  a C S  ( Ear l e ,  1 97 6 )  by t wo i nde pendent s co r er s . The s cor es 

w er e  a ver a ge d  f or ea c h  day . L i  vew ei ghts an d CS w er e  t hen a ver a ge d  o ver 

t he two or t hr ee days on whi ch t he y  w er e  t aken . 

2 . 6 EST I MAT I ON OF HE RBA GE DI GEST I B LE OR GANIC  MATTER ( DOM)  I NTA KE 

2 . 6 . 1  T he H er ba ge C ut ti n g  T e c hni q ue  ( H CT) 

1 )  H er ba ge M as s  Befor e an d A f t er G r a zi ng ( k gD M/ ha )  

D a i l y  m e as ur eme n ts of her ba ge m as s  ( k gD W ha )  w er e  m a de before an d 

af t er gr azi ng f or al l tr eatm ents d ur i ng per i ods A an d B .  Thi s was do ne 

usi ng t he her ba ge c ut t i n g  t e <2_!2_ni q ue ( H CT) . 

F i ve qua dr a ts w er e  c ut on e ver y pa d dock pl ot befor e an d a f t er 

gr azi ng . Thus ea ch d a y  a t ot al of 20  quadrats dur i ng pe r i od A an d 1 0  

qua dr a ts d ur i n g  per i o d  B w ere c u t  f r om t he pl ots t o  be gr a ze d  that 
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aft er noon . S i m i l arl y ea ch da y a t ot al of 2 0  qua dr ats  d ur i ng pe r i o d  A 

an d 1 0  q u a dr ats dur i ng pe r i od B wer e cut f rom the pl ot s wh i ch ha d bee n  

gr a ze d  t he day before . 

T he qua drats wer e t a ken r an doml y on a d i agonal l i ne a cr os s  ea ch 

pl ot . H er ba ge wi t hi n  each q ua dr at w as c ut to gro un d  l e vel usi n g  a 

po rt abl e s hear i ng handpi e ce . The qua dr at was an o pe n- en de d r e ct an gl e  

( 2 5 cmx 7 5 cm ) . H er ba ge c u t f r om e a ch pl ot w as bul ked , w as he d  t o  r emo ve 

soi l cont am i nat i on ,  o ven- dr i ed at 85 ° C  for a bout 48 h o ur s  an d t he n  

w ei ghed . 

S am pl es wer e kept of the o ven- dr i ed her ba ge f rom the da i l y  swar d  

q ua dr at c uts bef ore an d  aft  er gr a zi n g  f or t he p ur  pes es o f  l a  bor a t  or y 

an al ys i s  ( s e e 1 )  i n  2 .  7 ) . The s e  w er e  bu l ked  for ea ch ' a d  l i b i t urn  

pa d do c k '  an d f or t he corr es pon d i n g  da ys gr a ze d  i n  t he ' r es t ri ct e d  

pa d do cks ' .  

2 )  DO M A l l ow an ce an d I nt a ke ( k gDO I"ll cow/ day )  

For ea ch d a y  an d gr oup o f  cows ( f our gr oups i n  per i od A an d t w o  

groups  i n  period B) , t he ar ea gr a zed ( ha )  and her ba ge m as s  bef or e an d 

a f t er gr a z i ng ( kgDM/ ha ) wer e  us ed  t o  ca l cul at e  aver age he r ba ge 

al l ow an ce ( k gDM ) and a ver a ge her ba ge r em ai ning ( k gDM )  per c ow .  T h ese 

D M  va l ues wer e co nve r t ed t o  d i ge s t i bl e  o r gan i c m at t er ( DO M )  va l ues 

usi n g  es t im at e d OM con cent r a t i o ns and pr e di ct e d i n  vi vo OM 

di ges t i b i l i ti es ( see 2 )  in 2 . 7 ) .  A ver a ge d a i l y DOM i nt a ke per cow w as 

t hen ca l cul at ed as the d i f f er en ce bet w een her ba ge al l ow an ce ( k gDO M ) an d 

her ba ge r emai ni ng ( k gDOM ) . I t  w as as s ume d that t he her ba ge whi c h  

d i sappe ar e d  d ur i ng gr azi ng h a d  be en eat en by t he cows an d no  co r r e ct i on 

w as made  f or her· ba ge gr owt h d uri n g  t he gr a zi ng per i o d s i n ce  t hi s  w as 

un l i ke l y  t o  ha ve been s i gn i f i ca n t  ( M ei j s  et al , 1 982 ) . 

2 .  6 . 2 T he C hr om i c O x i d e  T e c h n�ue ( COT) 

D ur i ng per i ods A an d  B the i nd i vi dua l  i nt a kes of 1 6  c ows r an doml y 

s el e ct e d  f r om  t he e x pe r iment al group ( on e  t hr e e- ye ar- ol d an d t hr e e  

mat ur e  cows f rom ea ch t r eatment ) w er e  es t i mat ed as f ol l ows : 

( a ) f ae cal o ut p uts wer e  i n di r e c tl y es t imated usi n g  an  i n di g es ti bl e  

f ae ca l  mar ker , n am e l y  chrom i um  ses qu i oxi de ( C r 2 0 3 ) ,  

( b ) s am pl es of t he her ba ge on off er w er e  f e d  t o  she e p  t o  me as ur e  i n  

vi vo or gani c m at t er di ges ti b i l i ty ( O MD ) an d 

( c )  i nt akes wer e ca l cul at ed usi ng t he e qua t i on 

i nt a ke ( k gDOW cow/ day )  f ae cal o ut put ( gO W day ) 
n-=-l?l v1 vo OM d1 ges t1 5111 E"y-c-m 



1 )  F ae c a l  0 ut put 
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Cws wer e dos e d  t w i ce da i l y ,  a f t er m i l ki ng ,  wi t h  a ge l at i ne ca ps ul e 

cont ai ni ng 1 0g C r 2  0 3  i n  o i l  ( R . P.  Scher er P t y L t d ,  A us t r al i a ) . 

D os i n g  w as be gun on day 1 2  of pe r i o d  A .  A pr el i m i n ar y  dosing  peri o d  of 

seven days ali ow ed s uf f i ci ent t i m e  f or s t abl e co n d i ti ons t o  be r ea ch e d 

pr i or t o  s am pl i n g  t he f ae ces t o  de t er m i ne C r 2 0 3  co n ce nt r at i on . 

F ae c es s am pl es f r an  ea ch cow w er e  t a ken fr an t he s w ar d t wi ce d a i l y . 

Mos t s am pl es wer e o bt ai ne d  bet w een 053 0 an d 083 0 ho ur s , an d a ga i n  

between 1 3 0 0  and 1 6 0 0  ho urs . T he col le ction of f ae c es w as carri e d  o ut 

o ver da ys 1 9 -2 8 of per i od A an d da ys 5 - 1 4 of per i od B .  Over t he two 

1 O - da y  col l e c t i on p e r i o ds , s am pl es w er e  bul ke d  f or conse c uti ve per i o ds 

o f  f i ve da ys an d s t or e d  i n  a f ree zer . 

Subs e que nt l y  t he bul ke d  f ae ces co l l ect i ons f or ea ch cow w er e  t ha w e d , 

m i xe d t ho r o ughl y  an d a s am pl e t aken . After oven- dr yi ng at  85 ° C  f or 

s e ven da ys , t h es e  s am pl es w er e  gro un d  usi n g  a 1 mm s i e ve an d an al yse d 

f or chr om i urn co n ce nt r at i on by s pe ct r o pho t om et r y .  C on t rol sam pl es ha d 

been col l e cte d on ce d a i l y  f or an y tw o of t he un dos e d  cows ( on e  f r an 

e a ch f ee d i ng l eve l t r eatm ent ) i n  or der t o  de t erm i ne an y n at ur al l eve l s  

of c hr omi um i n  t he f ae ces .  T he m et ho d  of det ermi n a t i on us e d  w as t ha t  

de s cr i be d  by F ent on an d F ent on ( 1 97 9 )  a s  ' m et ho d  A ' .  

F ae c al o ut put w as  t hen c al c ul at e d  a s  f oll ows : 

f ae ca l  out pu t  ( gD W da y )  = wei ght of mar ker gi ven ( g / da y )  X RR 
chr omrum -oonce ntratlon 1 n  f ae ces (g/ g )  

( L e  D u  an d P e nning , 1 9 8 2 )  

R R  ( r ecove r y r at e )  was as s um ed t o  be 1 00% an d e a ch ge l at i ne ca ps ul e 

co n t a i ned l Og C r 2 0 3 so t ha t  : 

f ae cal o ut put ( gD W da y )  2 0 X 1 
g Cr 20 3 /gTaeces 

O ve n- dr i e d , gro un d s am pl es of each cow' s f ae ces w er e  as he d i n  

dupl i ca t e  t o  de t er m i ne or gan i c  m at t er co ncent rat i on ( O M % ) . The ave r a ge 

w as us e d  to con ver t DM f ae cal o ut p ut t o  OM f ae cal o ut put . 

2 )  I n  V i vo Meas ur em ent of H er ba ge O M  D i ges t i bi l i t y  

A t  t he s am e  t i m e a s  the two per i ods o f  f ae ces co l l ect i on , m at ur e  

s he e p  ( r ams )  w er e  fe d i n doo rs o n  fr es hl y  cut s am pl es of t he her ba ge on 

off er . An i n i ti al per i od o f  two da ys was al l ow e d t o  accus tom t he s he e p  

t o  t hei r i n door en vi l' o nm e nt an d  di et before car r yi n g  o ut col l e c t i on of 

ea ch s hee p ' s f ae ces . M eas ur ed s he e p  i nt akes an d f ae ca l  out pu t s  wer e 

us e d  t o  cal c ul at e  her ba ge di ges t i b i l i t y . 



i )  Col l ec tion o f  h e r b age . Str ips  o f  the past ure  on o f fer to the 

exper i men tal cows wer e  mown d ai l y  prior  to g r a zi n g . A r e c i pr o c a t i n g  

mower a n d  lawnmower wer e  used d u r i n g  per iods  A a n d  8 ,  r e s pe c t i v e l y .  
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i i ) Feed ing o f  the sheep .  Si x sheep dur ing  per iod A ( three per feed i n g  

level ) and three she e p  d uring  per iod B wer e  fed generous l y .  The 

herbage  fed to each  sheep was f i r st we ighed ( around 3 -4 k g  fresh  

herb age/sheep/d a y ) . Ther e  wer e  no refusa l s .  Dai l y  samp l e s  o f  t he 

herbage  from each paddock  wer e  taken in t r i pl icate  to determine  DM 

concentr ation ( % ) .  The aver age DM % was  used to determin e  DM i n take per 

day  for  eac h sheep . Fur ther herbage samples  were col l ec ted d a i l y  f o r  

each paddock whi c h  we r e  bulked a n d  free ze-dried  fo r the purpo s e s  o f  

l aboratory anal ys i s  ( see  1 )  and 3 )  i n  2 . 7 ) . Samples o f  these  samp l e s  

wer e ashed i n  d up l i c ate to d etermine OM % and the aver age  u s e d  to 

c alcu l ate OM i n take . 

i i i ) Sheep faec es c o l l ection . Each sheep ' s  faeces wer e  c o l l ected  d ai l y  

and bul ked for each  per iod o f  1 0  days . Samples  wer e  taken i n  d u p l i cate  

for the determin ation  of  DM % .  Oven-dried samples we re ashed to  

d eterm ine OM % and the aver age  used to c a l cu l ate OM output . 

i v )  Calculation o f  h e r b age d igestibil ity . OM d igesti b i l i t y  o f  t he OM 

was c alculated as fol l ows : 

OMD ( % )  = OM intake - OM output X 1 0 0 
OM 1ntake � 

Aver ages wer e  c a l c u l ated for each paddoc k .  

2 . 7  DETERM INATION O F  HERBAGE O M  CONCENTRATION , OM DIGEST I B I LI T Y , 

N ITROGE N CONC E NT RATION  AND N ITROGEN DIGESTI BILITY 

1 )  OM Concentr ati o n  and In  Vitro OM Digest i b i l ity 

Oven-dried samp l e s  from the herbage quad r at cuts ( see  1 )  i n  2 . 6 . 1 )  

wer e ashed to d etermi n e  OM concentration ( % )  and subjected to 

l aboratory  anal ys i s  to  d etermine in  vitro OM d igesti b i l i t y  ( OMD ) . The 

method used was that d e scr ibed by Roughan and Hol l and  ( 1 97 7 ) to obt a i n  

OM d i gestib ility  o f  t he DM ( DOMD ) . Add itional ly , the ind i gest i b l e  

resi d ue o f  each samp l e  was a shed , which tog ether wi th the known OM % o f  

each sample ,  enabled  OM d i g e st i b i l ity o f  the OM ( OMD )  t o  b e  obta i n ed . 

For each run o f  i n  v i tro an alysis  i . e .  per iod s  A and B ,  s t a n d a r d  

her b age samples o f  known i n  v i vo OMD wer e analysed together wi t h  t he 

quad r at samples . The s e  stand ards  consi sted o f  free ze-dr ied samp l e s  o f  

the herbage fed to each  group o f  sheep i n  the present e x pe r imen t ( se e  
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2 )  i n  2 . 6 . 2 ) and d r y  herbage  sampl es  kept from v arious  r ecent  sheep 

indoor feed ing  tr i a l s  c arr ied  o ut a t  Masse y Un i v er s i t y .  The stand ard s  

wer e c ho sen for a r ange  o f  i n  v ivo I i n  v i tro OMD v a l ues  to g i ve a good 

regress i o n  ( in v i v o  OMD was regr essed on in v itro OMD ) . 

2 )  Pred i c te d  In Vi vo OM Diges t i b i l ity  

For per iod B ,  in  v ivo OMD of  the herbage  quadrat sampl es  was 

pred i c te d  from in v i tro OMD u s i n g  the reg r e s s i o n  obta ined from the 

stand ard in  v i vo / in v itro OMD v al ue s .  

However fo r per iod A ,  i n  v iv o  OMD could  not accur ate l y  b e  pred icte d . 

Thi s was bec ause the stand ard s  used  prov i d ed an insuffi c ient  r an g e  o f  

i n  v ivo/ i n  v itro OMD v al ue s to obta in a good regres s i on . However the 

stand ard s d i d  ran g e  suff i c i e n t l y  in terms o f  d r y  OM d igest i b i l i t y  

( DOMD , a s  defined b e l ow )  so tha t a good i n  v i vo / in v i tro DOMD 

regres s i o n  was obta i n ed . Ther e fo r e , i n  the  c ase  o f  per iod  A pre d i c ted 

i n  vivo OMD was der i v ed from pr ed icted in v iv o  DOMD as  fol l ows : 

pr ed ic ted i n  v i vo OMD ( % )  = pr ed icted i n  v ivo DOMD ( % )  
OM c oncentr at1o n  (%) 

whe r e  DOMD ( % )  = OM intake - OM output X 1 00 
DM 1 ntake � 

OMD ( as d efined i n  2 )  i n  2 . 6 . 2 )  was used i n  the d etermination o f  

d i gest i b l e  OM al l owances  and  intakes  ( see 2 )  i n  2 . 6 . 1 )  r ather than DOM D  

( as d e f i n ed abov e ) .  Thi s  was b ec ause  herbage  quadrat  cuts  ( espe c i a l l y  

a fter g r a zing  fo r the r e st r ic ted cows ) ine v i t a b l y  conta i n ed soil  

( inorgan i c  matte r )  whi c h  was not en tirely  r emov ed by wash i n g . 

3 )  N i trogen Conc entr ati o n  and I n  Vivo Di g e st i b i l ity 

The fol l owi ng samp l e s  were subj ec ted to l abor atory  analys i s  to 

determine  ni trogen c o ncentration  u s i ng the K j ed ahl method : 

( a ) oven-dried  herb age qua d r at s amples , 

( b )  fr ee ze-dr ied herbage  samples  o f  the herbage  fed to each g roup o f  

sheep and  

( c ) ov en-dried samp l e s  of  each  sheep ' s  fae c e s . 

The r e sults  o f  analys i ng ( b )  and ( c ) wer e  used  together wi th the  

known sheep DM i n take s and  outputs  to  est i mate i n  vivo  n i trogen 

d i gest i b i l ity  as fol l ows : 

N d i gestib i l ity  ( % )  = N intake  (g)  - N o utput ( g) X 1 00 
N 1 ntake (g) � 
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2 , 8  STATISTICAL ANALYSIS  

All  data  wer e  anal ysed u s i ng the  c omputer package REG w h i c h  is  b ased 

on gen er a l i zed l i n ear mod e l s ( G i lmour , 1 98 1 ) .  

1 )  ?re-exper imental  mea sur emen t s  o f  m i l k  prod uction wer e  not used i n  a 

covar i a te an a l ys i s  bec ause thi s wou l d  ha ve  r emoved the e ff e c t  o f  c ow BI  

whi c h  was  an  e x per imen t a l  t r e a tmen t .  Cows entered the  e xp e r iment 

( 1 2/9 /83 ) at d i ffe r en t  stages  of  l ac tation  ( see 2 . 3 . 2 )  but t h i s  e ffec t  

w a s  i g nored s i n c e  i t  wa s fo und  t o  b e  r andomly d i str ibuted over  the 

treatment groups i . e .  d ays i n  l actation  on 1 2/9 /83 did not  d i ffer 

between groups ( P > 0 . 05 )  ( se e  1 )  i n  append i x  2 ) . Futhermor e , it was 

found that when  eac h m i l k  p r o d u c t i o n  c haracte r i st i c  for the wee k  p r io r  

t o  1 2/9 /83 was r egressed on d ays i n  l actation on 1 2/9/83  wi t h i n  BI  

groupi n g s , the r egression  c o e f f i c i e n t s  wer e  smal l and not s i g n i fi c an t  

except i n  the case o f  m i l k  p r o t e i n  % where the coeffi c i e n t s  wer e  1 6 . 65 

( P  < 0 . 0 1 )  and 9 . 30 ( P  < 0 . 0 1 ) for the LB I and HBI groups r especti v e l y  

( see 2 )  in append i x  2 ) . However , a s  shown i n  tab l e  3 . 1 0  t h e r e  wer e  no  

d i ffer ences between the  t r e a tment  g roups i n  m i l k  prote in  % (P  < 0 . 05 ) . 

2 )  Cha n ges i n  LW and CS wer e an a l ysed  rather than the actual  

measur ements . Thi s  was bec ause  at the beginning  o f  t he e x per iment  

( 1 2/9/83 ) the r e  wer e  d i f fe r e n c e s  between some of the t r e atmen t g ro up s  

i n  LW and C S  ( see append i x  3 a n d  3 )  i n  append i x  2 ) . Cows o f  LBI  were 

heavier  than  HBI c ows ( for t r e a tment groups ( 1 ) versus ( 3 )  ( P  < 0 . 05 )  

and tr e atmen t groups ( 1 )  ver sus ( 4 )  ( P  < 0 . 02 ) ) ,  Simi l ar l y ,  LBI c ows 

were hi gher in CS t han HBI c ows ( fo r  treatmen t groups ( 1 )  ver s us ( 4 )  

( P  < 0 . 05 ) ) ,  A l so the r estr i c ted  LBI cows wer e  o f  h i gher C S  than  t he 

ad l i b i tum fed LBI cows ( P  < 0 . 02 ) .  

Changes i n  LW and CS wer e  c a l cul ated over the fol l owin g  per iods  

Per iod Weeks of Lac tation  

A ( ex pe r imen ta l ) 5-8 

B ( post -exper imen ta l ) 8- 1 0 ( ad j ustment to generous feed i n g  l evel s )  

c ( post-exper imental ) 1 0-27 ( N ov ember - Januar y ,  mid  l ac t a t i o n )  

27-3 4 ( Februa r y  - March , l ate l ac ta ti o n ) 

Unless  otherwi se st ated a l l  d ata presen ted in the r e s u l t s  a n d  

d i scuss ion , are  l east squ are  m e a n s  ( L . S . M . ) .  

2 . 8 . 1 Mu l ti v ar i a te An alys i s  o f  Var iance  

M i l k  prod uction data ( yi e l d J o f  m i l k , milkfat and milk  p r o te i n ; 
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m i l kf at % and pr ot ein  % )  , m i l kf at c an po s i  ti on d at a  an d DOM i nt a ke ( COT) 

d<tt a  w er e  s ubj ect ed  t o  r e peat ed m eas ur em ent an al ys es of var i an ce .  

T he r e pe at e d  m e as ur em e nt an al ysi s t a k P. s  i nto a c co unt t he err or 

s t r u ct ur e  t h at e xi s ts between an y two t i m es of m e as ur ement f or ea ch 

an i m al . The nul l hypo t hes es t hat  t he t r eatm ent eff ect s ar e s i m i l ar ar e 

t es t e d  wi t hi n  ea c h  t i m e  of me as ur em e nt . 

T he an al ys es wer e ba s e d  on t he f ol l o.-r i ng m ode l 

Yi j  kl 

w her e yi j kl i s  m i l k  yi eld , m i l kf at yi eld , m i l k pr ot ein  yi el d , 

mi l kf at % ,  pr o t e i n % ,  wei gh t % o f  S CFA , w e i ght % o f  L CF A  or 

DOM i nt a k e f or a cow of i t h a ge an d j th BI on k t h  f ee d i n g  

l eve l f or 1 t h  t i m e  

).J i s  t he gen er al mean 

ai l  i s  t he ef f e ct of cow a ge f or t i m e  1 
bj l  i s  t he e ff ect of row B I  f or t i m e  1 

ckl i s  t he e ff ect of f eedi ng l eve l f or t i m e  1 
( b . c ) j kl i s  t he i nt er act i ve e ff ect of cow B I  an d f ee d i n g  l eve l 

f or t im e  1 

t1 i s  t he e f f e ct of t i m e  w her e m eas ur em ents ar e car r i ed o ut on 

the s am e  an i m al ( t 1 i s  i n  w ee ks f or t he m i l k pro duct i on dat a ,  

da ys f or t he m i l kf at com pos i ti on dat a an d 5 - da y  s ub- per i ods 

for t he DOM i nt a ke ( COT ) d at a ) 

ei j klm i s  t he r an dom res i dua l un i que t o  yi j kl whi ch i s  ass um ed 

to be norm all y d i stri but ed w i t h  m ean 0 and  var i an ce o2 

M il k  prod u c t i on d at a  w er e  an al yse d wi t hi n  the f ol l owi n g  si x 

per i ods 

Per i od W ee ks of 

La ct a t i on 

( 1 ) 
( 2)  

( 3 ) 

( 4 )  

( 5 ) 

( 6 )  

5 -8 

9 - 1 0 

1 1 - 1  3 

1 4 - 1  6 

1 7 - 1 9 
* 21 - 3 8  

N urn ber o f  M eas ur em ent s  

( M i l k i n gs )  per Wee kl y M e a n  

6 

6 

4 

4 

4 

2 

* no d at a  w er e  a va i l a bl e  f or week 2 0  
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T he pos t- e x pe r i m e nt al ph as e w as d. i v i de d  i nt o  perio d s  f i rs tl y  o n  t he 

bas i s  of num be r  of m eas ur em en t s  ( m i l k i ngs ) i nvo l ve d  i n  e a ch w ee kl y  m ean 

( s ee 2 .  5. 1 )  s o  t hat ea ch pe ri o d  w as of t h e  s am e  er ror s t r u ct ur e .  

Secondl y ,  s hort ( t hr e e w e e kl y )  per i ods wer e chos en t o  i de nt i f y t he 

s t a ge of l a ct a t i on at w h i c h  an y r es i d ual effe ct of t he e x pe r i m e nt a l  

tr eatm en t s  di s a p pear ed . T he l as t  1 7  w ee ks o f  l act at i on w er e  com bi ne d 

i n  peri o d  s i x s i n ce i t  w as cl e ar f r om  t he r aw d at a  t hat t h er e  w er e  no 

l on ger an y e ff ects of f ee d i ng l eve l . 

M il kf at com pos i ti on dat a w er e  a n a l ys ed w i t h i n two pe r i o ds , e a ch o f  

tw o s am pl i n g  da ys ( s e e  2 .  5 .  1 ) . 

DO M i nt a ke ( COT ) d at a w er e  an a l ys e d  w i thi n two per i o ds , e a ch o f  two 

s am pl i ng ( f i v e- day ) s u b p e ri o ds ( s e e  2 )  in 2 . 6 . 2 ) .  

2 . 8 . 2 Uni va r i at e  A na l ys i s  of V ar i an ce 

Cha n ge s  i n  LW an d  :_::s dat a  an d pr e- e xp er i ment al m i l k p r o d uc t i on dat a 

( t he l at t er co l l ect e d  i n  t he w e e k  i m m ed i at el y  pr i or t o  per i od A )  w er e  

s u bj e ct e d t o  an al ys es of vari an ce bas e d  o n  t he f ol l owi n g  mo d e l  : 

Y i j k \1 + a i + b j + c k + ( b · c ) j k + e i j kl 

w h er e  y i j  k i s  c han ge i n  LW , c han ge i n  CS , pr e- e x per i m e nt al m il k  

y i el d ,  m i l  kf at yi el d ,  m i l k p r ot e i n yi el d ,  m i l  k f  at % o r  pr ot e i n 

% f or a cow of i t h  a ge an d j t h  BI  on kt h fee d i n g  l e v el . 

\1 i s  t he ge n er al mean 

a i i s  t he ef f e ct of C OW a ge 

bj i s  the e f f ect of cow B I  

c k i s  the e f f ect of f eed i ng 1 eve l 

( b . c ) j k  i s  t he i nt er act i ve e f f ect of cow B I  an d f ee di ng l eve l 

e i j kl i s  t he r an dom r es i d ua l  un i qu e  t o  y ij k w h i ch i s  ass um ed 

t o  be norm al l y  d i s t r i bu t e d  w i th m ean 0 an d var i an ce cr2 

DOM a l l ow an ce an d i nt a ke ( H C T ) d at a  w er e  s u bj e ct e d  to an al ys es of 

var i an ce bas ed on t he f ol l ow i ng m o de l s  

P er i od A 

wher e y
j kl 

i s  00 (1 al l ow an ce o r  00 �1 i nt ake f or a cow o f  j t h B I ,  o n  

k t h  f eedi n g  l eve l f or da y l 
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J..l i s  t he ge n er al  mean 

bj i s  t he ef f e ct of cow B I  

ck i s  t he e f f ect of f eed i ng l eve l 

( b . c ) j k  i s  t he i nt er act i ve e ff ect of cow B I  an d f ee d i ng l eve l 

d 1 i s  the e ff ect of da y o f  meas ur· em ent 

( c . d ) kl i s  t he i nt er ac t i ve e ff ect of da y o f  meas ur em ent an d 

f e e d i n g  l e vel 

ej kl m  i s  the r an dom r es i d ua l  LD'1 i que to Yj kl w h i ch i s  as s um ed 

to  be norm al l y  d i stri but e d  w i t h m ean 0 an d var i an ce o 2 

Per i od 8 

wher e yk i s  DO M al l ow an ce or DO M i nt a ke f or a cow on kt h pr evi ous 

f ee d i ng l eve l 

J..l i s  t he ge ne1' al mean 

ck i s  t he e ff e ct of pr e v i ous f ee d i n g  l eve l 

e kl i s  t he r an dom res i dua l un i que t o  y k w h i ch i s  as s um ed t o  be 

norm al l y  d i s t r i but ed w i t h  m ean 0 an d var i an ce o 2 



PLATE A HERBAGE MASS BEFOR E AND AFTER GRAZ ING  

AT THE  AD  L I B ITUM FEEDING  LEVEL 

PLATE B HER BAGE MASS BEF OR E AND AFTER GRAZ I NG 

AT THE R ESTR I CTED  FEE DING LEVEL 
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C HAPTER 3 

RESULTS 

3 . 1 ANIMAL  PRODUCTION R ES PONSES 

3 .  1 . 1  M i l k  Prod uction 

3 . 1 . 1 . 1  ? r e-Exper imen tal  Mi l k  Prod uction 

The m i l k  yield s ,  m i l kfat  y i e l d s ,  milk prote in yield s ,  m i l kfat 

concen t r at i on s  and m i l k  prote i n  concentrations of e ac h  tr eatmen t group 

for the  week i mmed iate l y  p r i o r  to the exper imental per iod ar e shown i n  

tab l es 3 . 1 ,  3 . 3 ,  3 . 5 ,  3 . 7 and 3 . 9 ,  respec tivel y .  Si g n i fi c ance  l evel s 

o f  pre-ex pe r imen tal  d i fferen c e s  between the tre atmen t g roups a r e  shown 

i n  tab l e s  3 . 2 , 3 . 4 ,  3 . 6 ,  3 . 8 ,  and 3 . 1 0 .  High b reed ing  index  ( HB I ) c ows 

produced more  than low b r ee d i n g  index  ( LB I ) cows in terms of milk  y i e l d  

( P  < 0 . 05 ) , milkfat y i e l d  ( P  < 0 . 0 1 ) and m i l k  prote i n  y i e l d  ( P  < 0 . 00 1 ) 

b ut t h e r e  were no d i f fe r ences  i n  terms o f  milkfat o r  m i l k  pro te in 

concen t r at i o n s  ( P  > 0 . 05 ) . Apar t  from the e ffec t  o f  c ow B I  there  wer e  

n o  d i fferences  between t r e atment groups for an y o f  t he m i l k  production  

c h a r ac te r i s t i c s  (P  > 0 . 05 ) . 

3 . 1 . 1 . 2 E xper imen tal and Post-Exper imental  Mi l k  Yi e l d  

The m i l k  yi eld s o f  each  t r e atment g roup d u r i n g  a n d  a fter the 

e x pe r imen t a l  per iod are shown in fi gure 3 . 1 and tab l e  3 . 1 .  Table  3 . 2  

shows t he s i g n i fi c ance l ev e l s  o f  t r eatmen t e ffects o n  m i l k  yield  for 

each  period  o f  an alysi s .  Restr icted feed ing ( under feed ing ) in  ear l y  

l actation  r educed milk  y i e l d  during  the period o f  r e s t r iction  

( P  < 0 . 00 1 ) and  during  t he two week period fol l owin g  the return  to 

generous feed ing level s ( P  < 0 . 00 1 ) but not dur i ng any  sub sequent 

per iod s of analys i s . Ther e  was  no e f fect o f  cow BI  d ur i ng an y o f  the 

per io d s  ( P  > 0 . 05 ) . Fur thermo re ,  there were no inte r ac ti v e  e ffec ts o f  

cow B I  and feed ing level  ( FL )  dur ing  e ar l y  l ac ta tion  ( cow B I  X FL ) a t  

a n y  stage  ( P  > 0 . 05 ) . 
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3 . 1 . 1 . 3  Exper imen t a l  a n d  Post-Exper imental Mi lkfat Yield  

The  m i l kfat yi e l d s o f  e a c h  t r eatmen t group during  and a ft e r  the  

e x pe r i men tal per io d  a r e  shown i n  figure  3 . 2 and  table  3 . 3 .  Tab l e  3 . 4  

shows the signi fi ca n c e  level s o f  t r eatment e ffects on m i l kf a t  y i e l d  for 

each period  of  a n a l ys i s .  There wer e  r eductions  i n  milkfat  y i e l d  d ue to 

und e r feed ing in e ar l y  l ac t a t i o n  d u r i n g  the per iod of r e s t r i c t i o n  

( P  < 0 . 00 1 ) and d u r i n g  t h e  two p e r i o d s  o f  analys i s  fol l owi n g  t h e  r eturn 

to gen erous feed i n g  l e v e l s  i . e .  weeks 9- 1 0  and 1 1 -1 3 o f  l actation  

( P  < 0 . 00 1  and  P < 0 . 05 ,  r e s pec t i v e l y )  but not  during  any  s u b sequent  

per iod s ( P  > 0 . 05 ) .  HBI  cows h a d  hi gher mil kfat yie l d s  than  LBI c ows 

for al l periods  o f  a n a l ysi s i . e .  for weeks 5-8 , 9- 1 0 ,  1 4- 1 6 , · 1 7- 1 9 ,  

2 1 -3 8  ( P  < 0 . 05 )  and  1 1 - 1 3 ( P  < 0 . 0 1 ) o f  l ac tation . Ther e  wer e  n o  

interac t i v e  effec t s  o f  cow B I  X FL except f o r  the per iod : weeks 1 4- 1 6 

of  l ac tation  when m i l kfat  y i e l d s  o f  LBI cows wer e  r ed uced b y  p r e vious  

und er feed ing in  e ar l y  l actation to a g r eater extent than  HB I cows 

( P  < 0 . 05 ) .  

3 . 1 . 1 . 4  Exper imen t a l  a n d  Post-Expe r imental Milk Prote i n  Yi e l d  

The m i l k  prote i n  y i e l d s  o f  e a c h  t r e atment group d u r i n g  and  a ft e r  the 

e x pe r i men tal per iod  are shown in figure  3 . 3 and table  3 . 5 .  Tab l e  3 . 6  

shows t he s i g n i fi ca n c e  l evel s o f  t r eatment e ffects  on m i l k  p r o te in 

, yield  for each per iod o f  an a l ys i s .  M i l k  protein yie l d s  wer e  d e p r e s sed 

d ue to under feed i n g  i n  e ar l y  l actation  dur ing  the period  of r e st r i c tion 

( P  < 0 . 00 1 ) and d u r i n g  the two per iod s o f  analys i s  fol lowin g  the r eturn 

to gen erous feed i n g  l e v e l s  i . e .  weeks 9-1 0 and 1 1 - 1 3  of  l ac ta t i o n  

( P  < 0 . 0 1 a n d  P < 0 . 05 ,  r e s p ec t i v el y )  but n o t  during any  subsequ e n t 

per iod s .  Compared  to LBI cows , HBI cows h ad higher m i l k  protein  y i e l d s  

d ur i n g  the e x per imen tal  ( P  < 0 . 0 1 ) a n d  post-exper imental  ( P  < 0 . 05 )  

per iod s except fo r the per iod s :  weeks 1 4- 1 6 and 1 7- 1 9 of  l ac t a t io n , 

when the r e  was no e ffec t  o f  c ow BI  ( P  > 0 . 05 ) .  Ther e was n o  

in ter act i ve effect  o f  c ow B I  X FL  on prote in yield  for any  o f  the  

per iod s ( P  > 0 . 05 ) . 

3 .  1 . 1 . 5  Exper imen tal  and  Post-Exper imental Milkfat Concen t r a t i o n  

T h e  m il kfat concentr at i o n s  o f  each  treatment group d u r i n g  a n d  a fter 

the e x pe r imen tal per iod are  shown i n  figure 3 . 4  and tab l e  3 . 7 .  T ab l e  

3 . 8 shows t h e  s i g n i fi c ance l evels  o f  treatment e ffects o n  m il kf a t  

concen tr ation fo r each  per i od o f  an a l ysi s .  Underfeed i n g  i n  e ar l y  

l actation  increased  mil kfat conc entration dur ing the per iod o f  
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rest r iction  ( P  < 0 . 00 1 ) but n o t  d u r i n g  any  subsequent per iod s o f  

analys i s  ( P  > 0 . 0 5 ) . Cow B I  and cow BI  X FL  had no e ffec t s  o n  m i l kf a t  

concentration  at a n y  s t a g e  ( P  > 0 . 05 ) .  

3 . 1 . 1 . 6  E xpe r imen tal  and  Post-Expe r imen tal Milk Prote i n  Concen t r a t i o n  

The m i l k  prote in concentr ations  o f  each  t r eatment g ro up d u r i n g  a n d  

after t h e  e x per imen tal  per iod are  shown i n  figure 3 . 5  a n d  tab l e  3 . 9 .  

Table  3 .  1 0  shows t he s i g n i fi c ance  l e vel s o f  t r e atmen t e ffec t s  o n  

prote in conc e n t r a t i o n  fo r each  per iod of  analys i s .  Prot e i n  

concen tr ations  wer e  r ed uced d ue t o  under feed ing i n  ear l y  l actation  

during  the  pe r iod o f  restric tion  ( P  < 0 . 00 1 ) and  during  the two wee k  

per iod fol l owing the r eturn t o  generous feed ing level s ( P  < 0 . 0 5 )  but 

not d ur ing an y subsequent per iod s ( P  > 0 . 05 ) . The prote i n  

conc ent r ations  o f  H B I  cows wer e  reduced b y  und er feed i n g  i n  e a r l y  

lactation t o  a g r eater  extent  than L B I  cows dur ing the per iod o f  

rest r iction  ( P  < 0 . 05 ) . Otherwi se , t he r e  wer e  n o  effect s  o f  c o w  B I  o r  

cow B I  X F L  o n  prote in concentration  ( P  > 0 . 05 ) . 
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TABLE 3 . 1 The Mi l k  Yield s ( kg/cow/ d a y )  of High ( H )  Ver sus Low ( L )  

Breed ing  I n d e x  C BI )  Cows Gr a zed at  Restric ted or Ad l i b i  t urn Feed i n g  

Level s d ur i ng Ear l y  Lac tation  ( least  squar e  mean s and t he i r  stand a r d  

e r r o r s ) .  

Tr e a tment Group 

Stage  o f  ( 1 )  HBI  ( 2 )  H B I  ( 3 )  L B I  ( 4 )  LBI  

Lactation  Rest r icted Ad l i b i  turn Rest r i c ted Ad l i b i  turn 

( weeks ) x s .  E . x x S . E . x x S . E . x X s .  E . -x 
Pre-exr: 4 22 . 6  1 . 3 2 3 . 8 1 . 3 1 8 . 3  1 . 3  2 1 . 3  1 . 3 

I!.£ 5 1 8 . 5  1 . 4 2 3 . 5  1 • 4 1 4 . 5  1 . 4 2 0 . 9  1 • 4 

6 1 6 . 5  1 . 4 2 3 . 9  1 • 4 1 5 . 0  1 .  4 2 1 . 5  1 . 4 

7 1 2 . 5  1 . 5 2 2 . 4  1 • 5 1 0 . 7  1 • 5 1 9 . 6  1 . 5 

8 1 1 .  6 1 . 3 2 1 . 5  1 . 3  1 0 . 0  1 .  3 1 9 . 1 1 . 3  

Post-exr: 9 1 4 . 5  1 . 3 2 0 . 0 1 . 3 1 2 . 0  1 . 3 1 8 . 6  1 . 3 

1 0  1 5 . 7  1 . 3 1 9 . 3  1 . 3 1 2 . 9 1 . 3  1 7 . 5  1 . 3 

1 3  1 5 . 9  1 • 8 1 8 . 0  1 • 8 1 4 . 5  1 . 8  1 7 . 6  1 . 8 

1 6  1 7 . 8  1 . 6 1 7 .  1 1 .  6 1 3 . 2  1 • 6 1 6 . 4  1 . 6 

1 9  1 6 . 7  1 . 3 1 6 . 1 1 .  3 1 4 . 6  1 . 5  1 6 . 2  1 . 3 

3 8  9 . 7  0 . 7  8 . 3 0 . 7  8 . 6 0 . 9  8 . 6  0 . 8  

TABLE 3 . 2  Level s o f  Sign i fi c an c e  o f  Treatment Effects  ( Cow B I , Fee d i n g  

Level d ur i ng Ear l y  Lactation  and  t he i r  Interaction ) on  Mi l k  Y i e l d . 

Per iod of An a l y s i s  Cow B I  Feed ing  Level Cow BI X Feed ing  Level 

( weeks o f  l ac tation ) 

Pre-exr: 4 !f NS NS 

I!.£ 5-8 NS  * * *  N S  

Post-exr: 9- 1 0  N S  * * *  NS  

1 1 - 1 3 NS  NS  NS 

1 4- 1 6  NS  NS  NS 

1 7- 1 9 NS NS NS 

2 1 -3 8  NS  NS  NS 

NS = Not Sign i fi c an t ( P  > 0 . 05 )  * = p < 0 . 05 * *  = p < 0 . 0 1 

* * *  = p < 0 . 00 1  E x p  = e x pe r iment a l  



F IGU R E  3 . 1 The M i l k  Y i e l d s  o f  H i g h  ( H )  Versus Low ( L )  Br e e d i n g  I n d e x  

( B I )  Cows G r a zed a t  Re s t r i c ted or  A d  l i b i tum Feed ing Level s i n  

Ear l y  Lac ta tion ( least square  means ) .  

2 5  

2 0  

1 5  

1 0  

. . . . . 
· .. . . . . . ·· . 

... ' .... _ . 
' 

' 
' 
' 
' 
I I ,..... • :\ �- ;I' /"'""' .... /'., --"\ \ 
�' 

TREATMENT 
LBI  RESTRICTED - - - -
LBI A D  UBI TU� 
HBI RESTRICTED - - - - - - - - - - - - ·  
HBI A D  LIBITU� . . . . . . . . . . . . . . . . . . . . . . . . .  

s ������������-T-r���-r-��-r-��-r-��-r�,·-r-r
�
,�-r-r

�
,�-T-r

�
�

w u �< s  O r  L A CTAT I O N  

E x p e r i m e n ta l  P e r i o d = Wuka � - 8  



5 9  

TABLE 3 . 3  The Milkfat  Y i e l d s ( kg/cow/day ) of  High  ( H )  Ver sus Low 

( L )  Br eed ing Index  ( BI )  Cows Gr a zed at  Rest r icted or  Ad l ib i tum 

Feed i n g  Level s during Ear l y  Lactation  ( least squar e  means  and  the i r  

stand a r d  errors ) .  

Treatment Group 

Stage o f  ( 1 )  HBI ( 2 )  HBI  ( 3 )  LBI ( 4 ) LBI 

Lacta t i o n  Restr i c ted Ad l ibi  turn Re str icted  Ad l ib i tum 

( weeks ) x s .  E .  X x S . E . x x S . E . x x S . E . x 
Pre-ex12 4 1 . 04 0 . 07 1 .  02 0 . 07 0 . 80 0 . 07 0 . 85 0 . 07 

� 5 1 .  03 0 . 07 1 .  0 9  0 . 07 0 . 79 0 . 07 0 . 8 9 0 . 07 

6 0 . 83 0 . 07 1 .  04  0 . 07 0 . 6 8 0 . 07 0 . 87 0 . 07 

7 0 . 65 0 . 07 0 . 97 0 . 07 0 . 5 8 0 . 07 0 .  85 0 . 07 

8 0 . 54 0 . 0 6 0 . 96 0 . 0 6 0 . 50 0 . 0 6 0 . 7 9 0 . 0 6 

Post-ex12 9 0 . 5 6 0 . 06 0 . 94 0 . 06 0 . 46 0 . 0 6 0 . 8 3 0 . 0 6  

1 0  0 . 7 8 0 . 07 0 . 85 0 .  07 0 . 54 0 . 07 0 . 77 0 . 07 

1 3  0 . 83 0 . 06 0 . 80 0 . 0 6 o .  60 0 . 0 6 0 . 77 0 . 0 6 

1 6  0 . 8 1 0 . 0 6 0 . 80 0 . 0 6 0 . 54 0 . 0 6 0 . 7 6 0 . 0 6 

1 9  0 . 78 0 . 06 0 . 7 8 0 . 06 o .  60 0 . 0 6 0 . 70 0 . 0 6 

3 8  0 . 54 0 .  04 0 . 50 0 .  04 0 . 44 0 . 04 0 . 4 6 0 . 04 

TABLE 3 . 4  Level s o f  S i g n i f i c a n c e  o f  Treatment Effe c t s  ( Cow BI , Feed ing 

Level d ur ing Ear l y  Lactation  and  the i r  Interacti o n )  o n  Mi lkfat  Yield . 

Per io d  of  Anal ys i s  Cow BI  Fee d i n g  Level Cow BI X Feed ing Level 

( weeks o f  Lactati on ) 

P re-exE 4 ** NS  NS  

� 5-8 * *** N S  

Post-exE 9- 1 0  * *** N S  

1 1 - 1 3 ** * N S  

1 4- 1 6 * NS  * 

1 7- 1 9 * NS  NS 

2 1 -3 8  * NS NS 

NS = Not Si gn i fi c an t ( P  > 0 . 05 )  * = P < 0 . 05 ** = P < 0 . 0 1 *** = P 0 . 0 0 1  

E x p  = e x per imental  
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F IGURE  3 . 2  The M i l kfat  Yi eld s of Hi gh ( H )  Versus  Low ( L )  Breed i n g  I n d ex 

( BI )  Cows Grazed at Restr i c ted or Ad l i b i t um Feed i n g  Lev el s i n  

Ear l y  Lac tation ( le a st squar e mean s ) .  
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TAB LE 3 .  5 T he M i l k P rot e i n  Y i el ds ( k g  I row I da y ) o f  H i gh ( H ) V er s us 

L ow  ( L )  B r e e d i n g I n de x ( B I )  C ow s G r a ze d  at R es t r i  et ed o r  A d  l i bi t urn 

F e e d i n g  L e v e l s  d ur i n g  E a r l y La et a t i  on ( l e as t s q u ar e  m e a ns an d  t h e i r 

s t an dar d e r r ors ) .  

T r e a t m en t  G ro u p  

S t a ge of ( 1 ) HB I  ( 2 )  HB I  ( 3 )  LB I ( 4 )  LBI 

L a c t at i on R es t r i ct e d  A d  l i bi t urn  R es t r i ct e d A d  l i bi t um 

( w e e ks )  
- s .  E . -x s .  E . x s. E . -x 

-X X X X s .  E . x 

P r e- e xp 4 o .  92 0 . 0 4  1 .  0 0  0 . 04  0 . 73 0. 04  o .  7 8  0 . 0 4  

Exp 5 0 .  61 0 . 0 4  0 .  90 0 . 04 0. 50 0. 04 0 .  72 0 .  04 

6 0 . 57 0 . 05 0 . 88  0 . 05 0. 52 0. 05 0 .  77 0 .  05 

1 0 .  4 1  0 . 0 5  0 . 8 6  0 . 05  0 .  3 6  0. 0 5  0 . 7 0  0 . 0 5  

8 0 .  36 0 . 05 0 . 78  0 .  05  0 .  3 1  0. 05 0 . 65 0 . 05 

P os t- e xp 9 0 . 43 0 . 03 0. 6 9  0 . 03 0 . 3 1  0. 03 0 .  5 9  0.  03 

1 0 0 . 54 0 .  04 0 . 6 9  0 .  04 0 . 4 4  0 .  04 0. 60 0 .  04 

1 3 0 . 64 0 . 0 4  0 .  6 7  0 . 04  0. 5 0  0 . 04  0 . 62 0 . 0 4  

1 6 o .  61 0. 05  0 .  60  0 . 05 0 . 48  0 . 05 0 . 56  0 . 05 

1 9 o. 61 0 . 0 4  o .  5 6  0 . 04  0. 5 7  0. 04  0 . 5 8  0 . 04  

3 8  0 . 3 8 0 .  03 0 . 3 5  0 .  03 0 . 33  0 . 03 0. 34  0 . 03 

T AB L E  3 . 6 Le vels of S i g n i f i can c e  of T r e a tme n t  E f f e cts ( C ow B I ,  F e e d i n g  

L e ve l  d ur i ng Ear l y  L act at i on an d t he i r  I nt er a ct i on )  o n  M il k  Prot e i n 

Y i el d . 

P e r i od of A na l ys i s  C ow  B I  F ee d i n g  L e ve l C o,.�  B I  X F ee d i ng L e ve l 

( W e e ks o f  La ct a t i on ) 

P r e- exp 4 * * * NS NS 

� 5-8 * *  * * *  NS 

P os t- exp 9 - 1 0 * * * *  NS 

1 1  - 1 3  * * NS 

1 4- 1 6 NS NS NS 

1 7 - 1 9  NS NS NS 

23 t -3 8 * NS NS 

NS = N o t S i g n i f i cant ( ? > 0 . 0 5 )  * = P < 0. 05 * * = P < 0 . 01  

* * * P < 0 .  001 t no da t a  w er e  a va i l abl e f or w e e ks 2 1 -22  

E xp e x p e r i m e nt al 



FIGU R E  3 . 3  The Mi l k  Prote i n  Yi e l d s  o f  High  ( H )  Versus Low ( L )  Br eed ing  

I nd e x  ( BI )  Cows Gra zed at Rest r i c ted or Ad  l i bitum Feed ing  Le vels  

in  Ear l y  Lactation ( l east squ a r e  mean s ) . 
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TABLE 3 . 7  The Mi l k f a t  Co n c en t r a t i o n s  ( % )  of H i g h  ( H )  V e r s u s  L o w  ( L )  

B r e ed i n g  I n d e x  ( B I )  Cows Gr a ze d  a t  R e s t r i c ted or Ad l i bi t um Fee d i ng 

L e v e l s  d u r i n g  Ea r l y  Lac t a t i o n  ( le a st s q u a r e  means a n d  the i r  s t a n d a r d  

er r o r s ) .  

T r e a tment Group 

Sta g e  o f  ( 1 )  H B I  ( 2 )  H B I  ( 3 )  LBI  ( 4 ) L B I  

Lac t a t i o n  R e st r i c ted Ad l i b i tum Rest r i c ted Ad l ib i  turn 

( we e ks ) x S . E . x x S . E . x x S . E . x x S . E . x 
P r e-exE 4 4 . 62 0 . 27 4 . 3 1 0 . 27 4 . 37 0 . 27 4 .  1 1  0 . 27 

� 5 5 . 53 0 .  1 8  4 .  62 0 .  1 8  5 . 3 6 0 .  1 8  4 . 32 0 .  1 8  

6 5 . 00 o .  24 4 . 37 0 . 24 4 . 4 9 0 . 24 4 . 02 0 . 24 

7 5 .  1 9  0 . 26 4 . 28 0 . 2 6 5 . 3 3 0 . 2 6  4 . 3 9 0 . 26 

8 4 .  65 0 . 20 4 . 4 8 0 . 20 4 . 88 0 . 20 4 .  1 7  0 . 20 

Post-exe 9 3 . 85 0 .  2 1  4 . 70 0 . 2 1 3 . 94 0 . 2 1 4 . 5 1 0 . 2 1 

1 0  4 . 93 0 . 25 4 .  43  0 . 25 4 .  1 2  0 . 25 4 . 3 6 0 . 25 

1 3  4 . 5 8 0 .  2 1  4 . 4 1 0 . 2 1 4 . 23 0 . 2 1 4 . 37 0 . 2 1 

1 6  4 . 54 0 . 22 4 . 69 0 . 22 4 .  1 1  0 . 22 4 . 73 0 . 22 

1 9  4 . 7 1  o .  1 9  4 . 9 1 0 . 1 9  4 .  1 8  0 . 2 1 4 . 3 5 0 .  1 9  

38 5 . 62 0 . 27 6 . 06 0 . 27 5 . 27 0 .  3 1  5 . 3 8 0 . 28 

TABLE 3 . 8  Level s o f  S i g n i fi c an c e  o f  Tr eatment Effec t s  ( Cow B I , Feed i n g  

Level d ur i n g  Ear l y  Lac t a t i o n  a n d  t he i r  I n t e r acti on ) on Mi l kf a t  

Conc en t r at i o n . 

Per i o d  o f  Ana l ys i s  Cow B I  Feed i n g  Le v el Cow B I  X F ee d i n g  Level 

( weeks o f  l ac t a ti o n ) 

P r e-exE 4 NS NS NS 

� 5-8 NS * * * N S  

Post-exE 9- 1 0  NS NS NS 

1 1 - 1 3 NS NS NS 

1 4- 1 6 NS NS NS 

1 7- 1 9 NS NS NS 

2 1 -3 8  NS NS NS 

NS = Not S i gn i fi c a n t ( ?  ( 0 . 05 )  * *  = p ( 0 . 0 1 * * *  = p < 0 . 0 0 1  

E x p  = e x pe r imen t a l  



F IGU R E  3 . 4  The Mi l kf a t  Conc en t r a t i o n s  o f  H i g h  ( H )  Ver sus Low ( L ) 

B r e e d i n g I n d e x  ( BI )  Cows Gr a zed at R e st r i c te d  o r  Ad l i b i tum Feed i n g  

L e v e l s i n  Ear l y  Lac t a t i o n  ( l east s qu a r e  mean s ) .  
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T AR LU �  T he M i l k  P r ot e i n  C on ce ntr ati o ns ( % )  o f  H i gh ( H )  V e rs us 

Lo,.r ( L) Bre e d i ng I nde x ( B I) C ow s  G r a zed at R es t r i ct ed o r  A d  l i bi t um 

F e e d i n g  Le vels d ur i n g  E arl y La ct a t.i on ( l e as t  s quar e means an d t h e i r 

s t an dar d errors ) .  

Treatm ent G ro u p  

( 1 ) HB I  ( 2)  HB I ( 3 )  LB I ( 4 )  LBI S t a ge of 

Lact at i on R es t r i ct e d  A d  1 i b i  t urn  R es tr i ct ed A d  l i  bi t urn  

( wee ks ) x 

P r e- e xp 4 4 . 0 7  

Exp 5 

6 

7 

8 

P os t-e xp 9 

1 0 

1 3 

1 6 

1 9 

38  

3 .  31 

3 .  41 

3. 2 9  

3 .  1 4 

3 . 00 

3 .  42 

3 . 54  

3 .  44  

3 . 65 

3 .  97 

s. E . x x 

0 . 1 3  4 . 0 6  

0 . 09  

0. 0 8  

0 . 0 7  

0 . 0 8  

o .  1 0 

0 .  1 0 

o .  1 4 

0 .  1 2  

0 . 1 6 

o .  1 4 

3 .  82 

3 . 68 

3 . 85  

3 .  60 

3 .  4 5  

3 .  60 

3 . 84 

3 . 54 

3 . 6 0  

4 . 3 3  

s .  E . x 

0. 1 3 

0. 0 9  

0 . 0 8  

0. 0 7  

0 . 0 8  

0. 1 0 

0 . 1 0  

0. 1 4 

0 . 1 2  

0 . 1 6 

0. 1 4 

X 

4 .  03 

3 .  47 

3 . 45 

3 .  6 7  

3 .  1 7  

3 . 1 3  

3 .  40 

3 .  4 9 

3 . 57 

3 .  91 

3 .  99 

s. E . x x 

0 . 1 3  3 . 74  

0 . 09 

0 . 08 

0 . 0 7  

0 . 08 

0 . 1 0 

0 .  1 0  

0 . 1 4 

0 .  1 2  

0 .  1 8 

0 .  1 6  

3 .  5 1  

3 .  60 

3 . 5 8  

3 .  42 

3 . 1 9 

3 . 4 6  

3 . 64 

3 . 42 

3 . 5 9  

4 .  02 

T AB LE 3 . 1 0  L e vels o f  S i g n if i c an ce of T r e a tme n t  E f fe cts ( C ow B I ,  

F eed i ng L eve l dur i ng Ear l y  L a ct at i on an d  t he i r  I nt er act i on )  o n  M il k  

P r ot ei n  C on ce ntr a ti on . 

s .  E . x  
0 . 1 3 

0 . 0 9  

0 . 08 

0 . 0 7  

0 . 08  

0 . 1 0  

0 .  1 0  

o .  1 4 

0 .  1 2  

0 . 1 6 

0 .  1 5 

P er i od o f  A na l ys i s C o,.r B I F ee d i ng L eve l C w  B I  X F ee d i ng L eve l 

( wee ks of l a ct at i on ) 

P r e- e xp 4 NS NS NS 

Exp 5 -8 NS * * *  * 

P os t- exp 9 - 1 0 NS * NS 

1 1  - 1  3 NS NS NS 

1 4 - 1  6 NS NS NS 

1 7 - 1 9 NS NS NS 

23 t -3 8 NS NS NS 

NS = N ot S i gn i f i cant ( ? > 0. 0 5 )  * = P < 0 . 05  * *  = P < 0 . 01 

* * *  P < 0 .  001 t no dat a  w er e  a va i l abl e f or w ee ks 21 -22 

E xp e x pe r i m e nt al 
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F I GU R E  3 . 5 The M i l k  Prote i n  Conc en t r a t i o n s  o f  H i g h  ( H )  Ver sus Low ( L )  

Breed i n g  I n d e x  ( B I )  Cows G r a zed a t  R e st r i c ted o r  Ad l i b i tum Feed i n g  

Lev e l s  i n  Ear l y  Lac t a t i o n  ( l e a st squ a r e  m e a n s ) .  

4 . 5  

.,-.... 
� ......_, 
z 
0 

� 
0::: 
r-
z 
w 
u 
z 
o. 
u 
z 3 . 5  
w 
r-
0 
0::: 
Cl.. 

, .. . .  . . . ·. : � . . . .. - : 

� � � � 
W E E K S  Or LACTAT I O N  

TREATMENT 
LBI RESTRI CTED - - - -
LBI A D  UBITUM 

HBI RESTRICTED · · - - - - - - - - - - ·  
HBI A D  LIBITUM . . . . . . . . . . . . . . . . . . . . . . . . .  

E x p e r i m e ntal  P e r i o d  = We e k s  5-8 

. . . . . . . . . . . . . . . 
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3 . 1 . 2  F a t t y  Ac i d  Compo s i t i o n  o f  t h e  Mi l kf a t  

T h e  c o ncen t r at i o n s  o f  SCFA a n d  LCFA i n  t h e  m i l k f a t  o f  e ac h  t r e a tm e n t  

g r o u p  a r e  shown i n  t ab l e  3 . 1 1 .  Tab l e  3 .  1 1 ( A )  g i v e s  d at a  fo r t h e  l a s t  

wee k o f  t he e x pe r i m en t ( pe r iod one ) a n d  tab l e  3 . 1 1 ( B )  for the t h i r d  week 

fol l ow i n g  the r e t u r n  to g enerous feed ing lev e l s  ( pe r iod two ) . 

I n  per iod o n e , u n d er feed i n g  red uced the c on c e n t r ation o f  SCFA 

(P  < 0 . 05 )  but had no e ffect on concentr a t i o n  of LCFA in  the m i l k f a t  

( P  > 0 . 05 ) . The r e  w er e  n o  e ffe c t s  o f  c o w  BI , c o w  B I  X F L  o r  s a mp l i n g  d a y  

for e i t h e r  SCFA o r  LCFA ( P  > 0 . 0 5 ) .  

I n  p e r i od two , t h e r e  wer e  n o  e ffec ts o f  p r e v i o us fee d ing l e v el ( FL ) , 

cow B I , cow B I  X F L  o r  samp l i n g  d a y  o n  e i th e r  SCFA o r  LCFA c o n c en t r a t i o n s  

i n  t h e  m i l kf a t  ( P  > 0 . 05 ) . 

3 . 1 . 3  Cow L i vewe i g ht a n d  Cond i t i o n  Sc o r e  

Me a s u r emen t s  o f  c ow l i vewe i ght ( LW )  a n d  cond i t i o n  score ( CS )  ( r a w  d ata 

mean s ) fo r e a c h  t r e a tm e n t  group t a ken througho u t  l ac t a t i o n  are pr e se n ted 

in appe n d i x  3 .  Cha n g e s  in LW and CS of each t r eatment g roup o v er t h e  

ex pe r i men tal per i o d  a n d  s u b s e quen t l y , a r e  shown i n  t a b l e  3 . 1 2 . 

Dur i n g  the e x pe r i m en ta l  per iod restr i c te d  cows g a i n ed l e s s  LW ( P  < 
00 1 )  and cond i t i o n  ( P  < 0 . 00 1 ) than cows fed ad l i b i t um ( rest �i c t e d  c ows 

ac t u a l l y  l os t  cond i t io n ) . Fol lowing the r e t u r n  to g e n e r o us feed i n g  

level s ,  i n  compa r i s o n  t o  the i r  prev ious l y  a d  l i b i t um fed coun t e r pa r t s  

pr e v io u s l y  r e s t r i c te d  cows g a i n ed more LW o v er wee k s  8-1 0 and 1 0-27 o f  

l a c t a t i o n  ( P  < 0 . 00 1 ) .  The y a l so g a i n ed more c ond i t i o n  over wee k s  8 - 1 0  

( P  < 0 . 0 1 ) and 1 0-2 7 ( P  < ·  0 . 0 5 )  o f  l ac t a t i o n  ( pr e v i o us l y  ad l i b i tum fed 

cows a c t u al l y  l os t  c o n d i t i o n  o v er we eks 8- 1 0  of l ac t a t i o n ) .  The r e  was no 

effect of fe e d i n g  l e v e l  i n  e a r l y  l actation o n  changes in LW and cond i t i o n  

over weeks 27-3 4 o f  l ac t a t i on ( P  > 0 . 05 ) . 

Over week s  1 0-27 o f  l ac t a t i o n  HBI c ows g a i n ed l e s s  LW ( P  < 0 . 00 1 ) and 

cond i t i o n  (P  < 0 . 05 )  than LBI cows . Dur i n g  weeks 8 - 1 0  o f  l ac t a t i o n  

pr e v io us l y  r es t r i c t e d  L B I  cows g a i n ed more cond i t i o n  than t he i r  H B I  

c o un t e r pa r t s  ( P  < 0 . 05 ) .  The r e  were n o  e f fe c t s  o f  c ow B I  o r  c ow B I  X F L  

on c h a n g e s  i n  LW o r  c o nd i t i o n  f o r  any other  per iod ( P  < 0 . 05 ) . 



T AB L E 3 . 1 1  T h e  C on ce nt r a t i o ns ( %  by W ei ght ) of S hor t Chai n F at t y  A ci ds 

( SCFA ) an d L on g  C ha i n  F at t y  A c i ds ( LCF A )  i n  t he M i l kf at of H i gh ( H) 

V e rs us L ow ( L) B r e e di n g  I n dex  ( B I )  Cows Gr a ze d  at  R es t ri ct e d  or 

Ad  l i bi t um  F ee d i ng L eve l s  dur i ng Ear l y  L a ct at i on ( l eas t s quar e m ean s ------
an d  t he i r  s t an dar d err ors ) .  

( A )  E x pe r im e nt a l  P e rio d A ( 4 -7 /1 0 / 8 3 )  

Cow B I  P re v i ous S arn pl i n g  SCFA LCFA 

Day t 
-

Fee di n g  L e v e l  X S. E . x X s .  E . x 
H'3 I R est ri ct e d  2 0 .  1 8 2 .  4 3  4 1  • 4 3 3 .  3 6  

2 2 5 .  55 3 . 58 33 . 61 4 .  1 0  

HB I  A d  l i bi t urn 2 5 . 83  1 . 92 3 6 . 3 2  2 . 6 5  

2 2 9 .  1 4  2 .  82 31 . 57  3 .  23  

LBI R est ri ct e d  1 9 .  4 5 2 . 1 4 4 4 .  1 7 2 . 9 5  

2 2 4 . 73 3 .  1 4 3 6 .  02 3 .  60 

LB I A d  l i  bi t urn 3 0. 2 0 1 .  92 3 2 . 0 4  2 . 65 

2 2 6 . 4 9  2 .  82 35 . 08  3 . 23 

S i gn i f i can ce L e v els of  Tre a tm e nt 

E f f e c ts an d T i m e of S am pl i n g 

S C FA L C F A  

Cow B I  

F ee d i n g  Le vel ( F L) 

Co,.; B I  X FL 

S am pl i n g  Day 

NS 

* 

NS 

NS 

NS = Not S i gn i f i can t ( P  > 0 . 05 ) * = P < 0 . 05 * *  = P < 0. 01  

t S am pl i ng D ay 1 = 4 -5 /1 0 /83  Sam pl i ng D ay 2 = 6 -7 /1 0/8 3  

NS 

NS 

NS 

NS 
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( B) P os t- Ex p er i m ent al P e r i od C ( 2 5 -2 8 /1 0 /8 3 )  

C ow B I  P re v i ous S am pl i ng SCFA LCFA 

Day t -
s. E . x 

-
Fee d i n g  L e vel X X 

HB I R es t ri ct e d  1 2 8 . 3 3  1 .  3 0  3 0. 0 7  

2 2 8 . 2 8  1 .  66  2 9 .  81 

HB I A d  1 i bi t urn 2 7 . 6 2  1 . 1  6 3 2 . 53 

2 2 8 . 73  1 .  � 8  3 0 .  3�  

LB I R es t ri ct e d  2 9 .  0 1  1 .  1 6 3 3 .  1 3 

2 2 9 . 1 2  1 .  � 8  3 1 . 0 9  

LB I A d  1 i bi t um 3 0 . 7 2  1 .  1 6 2 9 . 3 �  ----·---
2 2 9 . 9 9  1 .  � 8  2 8 . 86 

S i gni f i can c e  L e vels of Tr e a tment S CFA L C FA 

E f f e cts an d T im e  o f  S am pl i n� 

Cow B I  NS NS 

F e e di n g  Le vel ( FL) NS NS 

Cow B I X FL NS NS 

S am pl i n g  D a y  NS NS 

NS = Not s i gn i f i ca n t  

tS am pl i n g  D ay 1 = 2 5 -2 6 /1 0 /83 Sam pl i n g  D ay 2 2 7 -2 8 /1 0 /8 3  

69 

s. E · x 
1 . 1 3 

2 . 0 9  

1 .  0 0  

1 .  86 

1 .  0 0  

1 .  86 

1 .  0 0  

1 .  86 



TAB LE 3 . 1 2 The C ha n ge s  i n  L i vewei ght ( Li LW ) an d C on d i ti on Scor e ( LiCS ) 

of H i gh ( H) Ver s us L o,.,r  ( L) Bre edi ng I n de x ( S I )  C ow s  Graze d  at R es t r i ct ed 

o r  A d  l i bi t um F e e d i n g  L e vel s d ur i ng E a rl y L a ct a t i on ( l e as t  s qu ar e  me ans 

an d t he i r  s t an dar d � r r ors ) .  

C ow B I  F eed i n g 

Le vel 

Pe r i od of C ha n ge (w e e ks of l act at i on )  

5 -8 8 - 1  0 1 0-2 7 
-X S .  E . X X S .  E . X  X S . E . X x 

LiLW ( k g /  row ) 

HB I R es tr i ct e d 

HB I A d  1 i bi t urn 

LB I R es tr i ct e d  

LB I A d  1 i bi t urn 

Li CS ( p� cow ) 

HB I Res t r i  et ed 

HB I A d 1 i bi t urn 

LB I R es t r i  et ed 

LB I A d  1 i bi t urn 

S i gn i f i can ce L e ve l s  

of T re a t m ent E f f e ct s  

t. LW C ow S I  

3 

- 42 

3 

4 6  

-0 . 2 

0 . 4 

- 0 . 3 

0 . 4 

F e e di n g  L e v el ( F 'L )  

Cow S I  X F L  

5-8 

NS 

* * *  

NS 

t::. CS Cow S I  NS 

F e e di n g  L e vel ( F 'L)  * * *  

Cow S I  X FL NS 

6 

6 

6 

6 

1 2  

1 8  

- 1  

0 . 2 0. 0 

0 .  2 o. 0 

o. 2 o .  1 

0 . 2 -0 . 2  

8 - 1 0  

NS 

* * *  

NS 

NS 

* *  

* 

3 

3 

3 

3 

0 .  1 

0 . 1 

0. 1 

0 . 1 

2 1  

6 

4 3  

23 

6 

6 

6 

6 

0. 4 o. 1 

0 . 1 0 . 1 

0. 6 0 . 1 

o. 4 0 . 1 

1 0 -2 7 

* * *  

* * *  

NS 

* 

* 

NS 

NS = N ot S i gn i f i c a nt ( P > 0 . 0 5 )  * P < 0 . 05 * *  P < 0. 01 

* * *  = p < 0. 001 

- 1 3 

- 1 2  

- 1  4 

- 2 6  

8 

8 

8 

8 

o. 0 0 .  1 

0 .  1 0 .  1 

0. 0 o. 1 

o. 0 0 .  1 

NS 

NS 

NS 

NS 

NS 

NS 
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3 . 2 HE RBA GE DI GEST IB LE OR GANI C MA TTER ( DOM)  I NTA KE ( KG/ CO W/ DA Y ) 

3 .  2 . 1 Ex pe r i m e n t a l  

Her ba ge D O M  all O<J an ce s  an d i nt a kes o f  each t r Eatm en t  gr o u p  d ur i ng 

t he e x pe r i m e nt al pe rio d es t i m a t e d  u s i n g  t he her ba ge c ut t i n g  t e c hni q ue 

( HCT ) an d chr om i c o xi de t e chn i que ( CO T ) ar e s ho w n  i n  t abl e 3 . 1 3  . 

3 .  2 .  1 . 1  DO M A l l ow an ce ( H CT)  

71 

As e xp e ct ed , DO M all ow an ce o f  t he r es tri ct ed cows was l es s  t han t ha t  

of t he cows f e d  a d  l i but um  ( 8 . 6  v e rs us 3 0 . 5kg DO W cow/ day , 

r es pe ct i ve l y ,  P < 0 . 001 ) .  A l l o...r an ce d i d not d i f f er bet w een B I  gr o ups 

at ea c h  f e e d i n g  l e vel ( P > 0 . 0 5 ) . 

3 . 2 . 1 . 2  OO M  I nt ake ( HCT an d COT ) 

DO M  i nt a kes of t he r es t r i ct e d  cows wer' e l ess t han t hos e o f  t he a d  

l i bi t um f e d  cows ( P  < 0 . 00 1 ) :  7 . 7 v e rs us 1 7 . 9 , 9 . 5 vers us 1 2 . 8  an d 

5 .  9 ver s us 1 0 . 1  k gDOM/ cow/ da y f or t he H CT ,  COT sam pl i ng per i ods ( 1 )  an d 

( 2 ) , r es pe c t i vely . C ow B I  and cow B I  X FL ha d no eff e cts o n  i nt a ke f or 

e i ther t echn i que ( P  > 0 .  05 ) . I nt a kes es t i mat ed usi ng t he COT wer e 

l ower f o r  s am pl i ng period ( 2 )  t ha n  s am pl i ng peri od ( 1 )  ( P < 0 .  0 0 1 ) . 

I n  es t i m at i ng her ba ge DO M i nt a ke , t he H CT an d COT sho w e d  r eas on a bl e 

a gr eeme n t  f or cows o n  t he r es t r i ct e d  fee di ng l e vel . Me a ns an d t heir 

s t an dar d e r r or s  ( S. E . ) w er e  7 . 7 ± 0.  5 ,  9 .  5 ± 1 .  3 and 5 .  9 ± 0.  7 kg 

DO W cow/ da y for t he H CT ,  COT s am pl i ng pe riod ( 1 )  an d sam pl i ng period 

( 2) , r es pe ct i ve l y .  HCM e ver , f or cows on t he ad l i bi t um f ee d i ng l eve l , 

a gr eem e nt betw e e n  t he H CT an d COT w as poor . Means an d t h e i r S .  E .  w er e 

1 7 . 9  ± 0 . 5 ,  1 2 . 8 ± 1 . 3  a n d  1 0 . 1 ± 0 . 7 kg DOM/ cow/ da y f or t he H CT ,  COT 

s am pl i ng pe r i od ( 1 )  an d s am pl i n g  period ( 2) ,  r es pe cti vel y . 

3 .  2 .  2 P os t - E xper i m en t al 

H er ba ge DOM al l ow an ces an d i nt akes of cows f ed at a ge n er o us f ee d i ng 

l e vel f o r  the tw o wee ks i mme di at el y f ol l owi n g  t he e x pe r i m e nt al peri o d  

es ti m at ed us i ng t he her ba ge cut t i ng t e chn i que ( HCT ) o r  chr om i c o xi de 

t e c hni que ( COT ) ar e s how n  i n  t a bl e  3 . 1 4 .  

3 .  2 .  2 .  1 IXl M A 1 1  ow an ce ( H C'; ) 

DO M  al l ow an ce w as the s am e f or t he pr e vi ous l y r es tri ct ed vers us t he 
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pr e v i ous l y  a d  l i bu t um f ed cows ( P  > 0 . 05 )  2 5 .  3 kgDOM/ cow/ day . 

3 . 2 . 2 . 2  OO M  I nt a ke ( HCT an d COT ) 

Ther e w as no eff e ct of pr evi ous f ee d i ng l eve l on DOM i nt a ke f or 

ei t her t h e H CT o r  COT ( P > 0 . 0 5 ) . F o r  i nt a k es es timat ed usi n g  t he COT 

t he r e w er e  no e f f ects of cow B I ,  cow B I  X FL or s am pl i ng per i o d 

( p > 0 .  0 5 ) . 

The H CT an d COT show ed r eas on a bl e a gr e em en t  i n  es t i m at i ng i nt ake . 

M eans an d t he i r  S . E . w er e  1 1 . 9  ± 0 . 5 ,  9 . 7 ± 0 . 4 an d 1 0 . 6  ± 0 .  4 k g  

DO M/ cow/ da y f o r  t he H CT ,  COT s am pl i ng pe r i o d  ( 1 ) an d s am pl i ng p e r i o d  

( 2 )  , r es pe e t  i ve 1 y • 



TAB LE: 3 . 1 3  The D i ge s t i bl e  O r ga n i c M at t er ( DO M )  A l l ow an ces an d  

I nt a kes ( k g / cow/ da y )  o f  H i gh ( H) V er s us L ow ( L) Breed i n g I nde x ( B I )  

C ows w he n  Gr a ze d  a t  R es t r i cte d o r  A d  l i bi t um Fee di n g  Le vel s f or 

Wee ks 5 -8 o f  L a ct ati on ( l e as t  s quar e m e a ns an d thei r s t an d ar d  er r o rs ) . 

C ow  B I  F ee d i ng HE RB A GE OJ TT IN G CHROMI C O XI DE TE CHN I QUE 

L e v e l  TE CHNI QUE ( 1 )  t ( 2 ) t 

X s. E . x X s. E . x X S . E . x 

A l l ow an ce 

HB I  R es t r i  et ed 8.  4 0 . 7 

HB I A d  1 i bi t urn 3 0 . 6  0 . 7 ---- - -
LB I R es t r i ct ed 8 . 8 0 . 7 

LB I A d  1 i b i t  urn 3 0 . 4 0 . 7 ---- -----
I nt a k e  ---
HB I R es t r i ct ed 7 . 4 0 . 6 8 .  4 1 . 7  6 .  3 0 .  9 

HB I  A d  l i bi t urn 1 8 .  1 o. 6 1 3 .  8 1 . 7 9 . 8  o. 9 

LB I R es tri  et ed 7.  9 0 . 6 1 0 .  6 1 . 7  5 . 6 0 . 9 

LB I A d  1 i bi t urn 1 7 .  6 0 . 6 1 1 .  8 1 . 7 1 o .  3 o. 9 -----

S i gn i f i can c e  L e vel s 

o f  T r e a tme n t  E f f e cts 

A l l ow an c e  

Cow B I  NS 

F ee di n g  L e vel ( F L )  * * *  

Cow B I  X FL NS 

I nt a ke 

Cow B I  NS NS 

F e e di n g  L e vel ( FL) * * *  * * *  

Cow B I  X FL NS NS 

S am pl i n g  D a y * * *  

NS = Not S i gn i f  i ea n t ( P > 0 .  05 ) * * *  p < 0 .  001 

t = Sam pl i ng Per i od 

7 3  



T AB LE 3 . 1 4  T h e  D i g es ti bl e  O r ga ni c Mat t er ( DOM ) A l l ow an c es and 

I nt a kes ( k g/ cow/ da y )  of  H i gh ( H) Ver s us L ow ( L) B r e e d i ng I nde x ( B I )  

C ows w he n  Gr a ze d  a t  Genero u s  Fee d i n g  Le vel s f o r  Wee ks 9 - 1 0 o f  La ct a ti on 

( 1  eas t  s quar e  m ean s an d t he i r  s t an dar d e r r ors ) .  

P r e v i o us Fee di n g  HE RBA GE Cl.ITT IN G CHROMI C 0 XI DE TE CHNI QUE 

L e vel (we e k s  TE CHN I QUE ( 1 ) t ( 2 )  t 

5 -8 o f  1 act at i on )  

X s. E . x X s. E . x X S. E . x 
A l l ow an ce 

R es t r i  et ed 25. 3 1 . 4 

A d  l i  bi t urn 2 5 . 3 1 . 4 

I nt a k e 

R es t r i  et ed  1 1 . 4 0 . 7 HB I 9 . 4 1 . 0  1 0 .  2 0 . 8 

LB I 9 . 0 1 . 0  1 1 .  1 0 . 8 

A d  1 i bi t urn 1 2 .  5 0 . 7 HB I 9 . 8 1 . 0  1 1 . 1  0 . 8 

LB I 1 0 .  5 1 . 0 1 0 . 2  0. 8  

S i gn i f i c an ce Le vels 

of  T r e a tment E f f e c t s  

A l l owan c e 

P r e  vi ous FL NS 

I nt a k e 

Cow B I  NS 

P r e vi o us FL NS NS 

Cow B I  X FL NS 

.S am pl i ng 

Per i od N S  

NS Not S i gn i f i cant  ( P  > 0 .  05 ) t Sam pl i n g  Per i od 
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3 . 3  H E R B AGE DIGESTI B I L I T Y , N I TROGEN CONC ENTRATION A N D  N I T R OGE N 

D I GE S T I B I L I T Y  

7 5  

The n i t r o g en c o n c e n t r a t i o ns , p r ed i c ted i n  v i v o  O M D  a n d  o r g a n i c  

m a t t e r  ( OM )  concentr a t i o n s  o f  t he h e r b age q u a d r a t  sampl e s  b e fo r e  and 

after g r a z i n g  a r e  pr e s e n ted in appe n d i x  4 ( raw d ata m e an s ) fo r the 

p a d d oc ks used a t  each feed i n g  l e v e l  in per i o d  A ( e x pe r imen t a l ) a n d  o v e r  

a l l t h e  p a d d o c ks u s e d  i n  per i o d  B ( post-expe r i m en t a l ) . 

For t h e  herbage o n  o ffer , mean n i tr ogen concentr a t i o n  r an g ed from 

2 . 8 - 3 . 1 %  DM and mean OMD r an ged from 75 . 3 - 75 . 9 % .  

D i g e s t i b i l i t y o f  t he n i trogen a s  measur ed i n  v i vo ( se e  3 )  i n  2 . 7 )  

w a s  7 7 . 1 %  fo r the ' ad l i jutum pad d oc ks ' in per iod A ,  75 . 9 % fo r t h e  

' re st r i c te d  paddocks ' i n  per iod A a n d  74 . 3 % i n  per iod B .  
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D IS C USSI ON 

4 . 1  RE L I AB IL IT Y OF METHO DS USE D  

4 . 1 . 1 T he M e as ur em e nt o f  DO M I nt a k e  

1 )  F e e di n g  Le vel s 
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Meas ur ed her ba ge a l l o..v an ce s of 4 7  an d 1 2- 1 3  kgDM/ cow/ da y ( ca l cu l at ed 

f r an  t a ble 3 . 1 3  usi n g  t he bef ore gr a z i n g OMD an d OM con ce ntr a t i on gi ven 

i n  a p pe n d i x 4) wer e  i n  goo d  a gr eem ent wi th  t ar ge t  her ba ge a l l o..v an ces of 

4 0 -5 0  an d 1 1 - 1 5 k gD M! cow/ da y  f o r  t he a d  l i bi t �� an d r es t ri ct e d  fee d i n g 

l e vel s , r es pe c ti vel y . A l l ow an ce ( DOM ) vari e d  fr an d a y  t o  day ( P  < 

0 .  0 01 ) and be tween da y var i at i on w as gr eat er at t he ad l i bi t um com par ed 

to t he r es tr i ct e d f eedi ng l eve l ( P  < 0 . 0 0 1 , on _ 1 = 5 . 2 an d 1 . 2  k g  

DO M! cow/ day , r es pe cti v el y ) . H owe ver , mor e im port antly , i nt a ke ( DOM ) 

di d not var y f rom da y t o  day ( P > 0 .  05 ) . The r e f or e  i t  appe ar s tha t  us e 

of t he ri si n g- pl at e  m et er w as a de q uat e i n  pr e- d et ermi ni n g  her ba ge 

al l o,..J an ces . R i si ng- pl at e m et er r ea d i ngs an d her ba ge D M  mas s  ( as 

m eas ur ed by c utt i ng 0 . 2 m 2 qua dr at s  t o  gr ound l eve l ) ha ve been f oun d  t o  

corr el at e w el l  ( r  w as a t  l e as t  0 .  8 )  for r ot a t i on al l y  gr a ze d  d ai r y  

pas t ur es ( M i chell , 1 982 ) . 

2)  T he H er ba ge C utt i n g  T e c hni que 

Wal ter an d Evans ( 1 97 9 )  s t at e : - ' O f the swar d s am pl ing t e chn i que s  

a va il a bl e  t he ' D i f f er en c e '  m et hod , bas e d  on pr e- and pos t- gr a zi n g  

s am pl i n g , i s  cons i der e d  t o  ha ve t he gr eat es t pot ent i al for pr ovi di ng 

val i d  es timat es of i nt a ke , es pe ci al l y  w hen gr a z i ng pe rio ds ar e 

r el at i ve l y  s hort an d s t o c k i ng d e ns i t i es ar e hi gh ' . How ever , va l ue s  of  

C .  V .  r an gi n g  fr an 7% t o  2 5 0 % ha ve bee n  r e porte d for  i nt a ke es t i m ati o n  

us i ng t hi s  m et ho d  de pe n d i ng o n  t he l eve l an d  var i abi l i t y  o f  pas t ur e  

y i el d  an d n um ber an d s i z e  of s am pl e  uni t s  i n  a dd i t i o n  t o  l en gt h  an d 

i nt ens i t y  o f  the gr a zi ng per i od (W al t er s  an d Evans , 1 97 9 ) . 

I n d i re c t  i nt a k e es t i m at es u si n g  anim al me as ur ements ar e gen er al l y  

co ns i de red t o  be mor e  a c cur at e an d pr e c i se ( i bi d ) a n d  W al t ers an d Evans 

( 1 97 9 )  su ggest t he y  s ho ul d be us e d  w h er e ver pos si bl e as co nf i rm a t i on .  

S t ud i es by C l ar k an d Bro u gh a m  ( 1 97 9 )  an d Wal t ers an d Evans ( 1 97 9 )  

s howe d  l i t tle  d i ff er en ce betw e en c hr om i c o xi de d il ut i on an d d i f f er en ce  

t e chn i ques i n  t he es ti m at i on o f  DOM i nt a ke by gr a zi ng r um i nant s . I n  

c an pari son , t h e  r es ul ts o f  t he pr es e nt e x perime n t  showe d poor a gr e em e nt 



betw e e n  t h e  COT ( c hr om i c o xi de d i l uti o n  t e c hni que ) an d t h e  H CT 

( d i f f er en ce t echn i que ) es pe ci al l y  at  t he ad l i bi turn f eedi ng l eve l . 

I na c c ur a c y of t he H CT or ' D i f f er en c e '  method can be put dow n t o  

7 7  

i )  Swar· d ' C l um pi ness ' an d R epr es ent at i ve S am e_l i ng . The d i f f er en ce 

met ho d  be corn es i ncr eas i ngl y i naccur at e as gr a zi ng pr ess ur e  de er eas es 

i . e .  her ba ge al l ow an ce i n cr e as es ( C l ar k  and B ro u gham , 1 97 9 ) . T hi s  i s  

due t o  i ncr eas ed var i abi l i t y  i n  her ba ge m ass wi thi n t he gr a zed ar ea o r  

' d um pi n es s '  par t i c ul arl y aft er gr a zi n g . Mor e sam pl es ar e  re quir e d  t o  

a c c ur at el y  es t i m at e  her ba ge m ass but t h i s  con fl i ct s  f i rs tl y wi t h  t he 

ph ysi cal l i mi t at i on an d t i m e  r es t r ai nts  of c ut ti n g  l ar ge n Lrn be rs of 

s am pl es an d s eco n dl y t he need  t o ens ur e  t hat  t he ar ea har ves ted do es 

not i nt e rf er e  wi t h  t he e x pe r i m e nt al tr e a tment (Mi chel l ,  1 9 82) . 

i i ) W et C on d i t i ons an d  Pu ggi ng o f  the S oi l . H i gh s oi l  moi st ur e  i s  

ass o c i at e d w i th  i ncr eas ed i na c cur acy o f  t he d i f f er en ce m et ho d  s i nce 

t h er e  i s  a gr e at e r  l i k el i hoo d of her ba ge bei n g  tr am pl e d  bel ow gro un d  

l eve l ( C l ar k an d Bro u gh a m , 1 97 9 ) . Thr o u gh o ut t he pr es ent e xper i m en t  

t he s o i l  w as ver y w et and pu ggi n g  w as ·a pro bl em par t i c ul arl y at t h e  

res tr i ct ed f ee d i ng l eve l .  Not on l y  w as t her e ver y l i t t l e m at er i al t o  

col l e ct w h e n  s am pl i n g  aft er gr a zi n g  i n  t he ' r es t ri ct e d '  pa ddoc ks b ut 

a l so a co ns i der abl e am ount of root m at er i al t en ded t o  ge t i ncl ude d i n  

t he s am pl es d ue t o  s of t  s o i l  an d t h e i ne vi ta b i l i t y  of c ut ti ng bel ow 

gr o un d  l eve l . I ncl us i on of ro ot m at er i al may have co nt r i bu t ed t o  t he 

co nsi d er a bl e r e d u c t i o n  i n  t he es t i m at e o f  O fviD  c an par e d  t o  t h e  s am pl es 

t aken a f t er gr a zi ng i n  t he ' ad l i bi t um pa ddo c ks ' ( s ee a ppe nd i x  4 ) . 

i i i ) Los s es I ncurr ed i n  C ut t i ng an d C ol l ect i ng H er bage S am pl es . 

I n com pl et e r eco ver y o f  s am pl ed her ba ge f rom qua dr at ar eas was a pr o bl em 

d ue t o  wi n d  an d t he a ct i on of t he s he a ri n g  han d pie c e  whi c h  t en de d  t o  

f l i ck s hort , s t emm y m at er i al o ut s i de  t he qua dr at ( par t i cu l ar l y  w h i t e  

cl o ver s t ol e ns ) . 

3 )  The C hr om i c O xi de T echn i que 

Car r ut he r s  an d  B r ya n t  ( 1 98 3 ) f oun d t ha t  t he COT over es ti mat ed i nt a ke 

by 1 4 %  on a ver a ge c an p ar e d  to  d i r e ct me as ur ements on cows f e d  i n doo rs 

on  f res h her ba ge .  Also t he var i at i on i n  i nt ake be tween cows of si m i l ar 

B I  w as gr e at er f o r  t he COT vers us dire c t  me as ur eme n t  s o  t hat t he COT 

was l es s  s ens i ti ve t o  t he s m al l but r e a l  diff er ences i n  i nt ake bet w ee n  

B I  grou ps w hi ch e xi s t e d when m e as ur e d  d i r e ctl y . H owe ver , C ar r ut h e rs 

an d B r yant ( 1 98 3 ) u s ed r e ct al gr ab s am pl ing o f  the f ae ces whi ch has 

bee n fo t.m d  t o  gi ve a hi gher C .  V .  an d t o  o ver es t imat e fae c al o ut put 

com par ed to swar d s am pl i ng ( W an yo i ke an d H ol mes , 1 98 1 ) .  F ur t herm or e 

COT es t i m at es m ay a l so ha ve be e n  m or e  r el iabl e i f  C r 20 3  i m pregn at ed 

pa per had  be en us e d  i ns t ea d  of  ca ps ul es sin ce  the f o rmer gi ves l es s  
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di ur n al v a ri a t i on an d a hi gher r e co v er y r at e  of c hr omi um f ae cal co nt e nt 

( M e i j  s ,  1 981  ) . 

I n  t he pr es ent e xp e r i m en t  f ae ce s  wer e s w ar d  s am pl e d . How e ver ge l at i ne 

ca ps ul es w er e  us e d  an d t h e r e co ver y r at e  w as as s ume d  t o  be 1 0 0 %  ( K ro hn 

an d K on g ga a r d ( 1 97 6 )  f oun d a r e co ve r y r at e  o f  on l y  94 % w i t h  ge l at i ne 

ca ps ul es ) . F urt herm or e  her ba ge s am pl e s for t he d e t e rmi n a t i o n  of � 
vi vo O MD  w er e  c ut wi t h  a r e ci pro c a t i n g  m ow er w hi ch c ut t o  a l e vel m or e 

r e pr es e nt a t i ve of t he ' a d  l i bi t um  pa ddoc k s '  aft er gr a zi n g t ha n  t h e 

' r es t r i ct e d pa d do cks ' .  D ur i n g t he pos t- e xp er i m en t al pe r i o d o f  i nt a ke 

m e as ur em e nt a l aw nm ow er w as us e d  to col l e ct her ba g e s am pl es w h i ch c ut 

to a l eve l mor e r e pr es en t at i ve o f  t he e xpe r i m ent al ' r es t r i ct e d 

pa d do c k s '  aft er gr a z i n g . Th us , i n  vi vo O MD  w as pr o ba bl y  o ver es t i m at e d 

for t h e  r es t ri ct e d  c o ws d ur i n g t he e x pe r i m e nt an d un d er es t im at e d  d ur i n g  

the pos t- e xp e r i m en t al per i o d w he n  a l l  cows wer e f ed ge ner o us l y .  

4 )  R el i a b i l i t y  of DO M I nt a k e  M e as ur em e nts 

C l ar k  an d B ro u gh am ( 1 97 9 )  c al c ul at e d  t h e r el a ti o ns hi p  betw e e n DO M  

i nt a k e  m eas ur e d by t he chr om i c o xi de  d i l ut i on t e chn i que an d t he 

d i f f er en c e  t e c h n i que . D es pi t e t he cl os e a gr eeme nt of t h e t wo 

t e chn i qu e s  var' i at i on ar o un d  t he i nt a ke e s t i mat es was h i gh .  Thi s 

em ph a s i ze d t h e l a c k of pr e ci s i o n  of c urr e n t m et ho d s  i n  m e as uri n g  

gr a zi n g  i nt a ke .  R es ul ts f rom t he pr es en t e xp el' i m ent s up po r t  t h i s  

s t at em e nt an d gi ve l i t tl e  mor e t han a bro a d  i n di c a t i o n  o f  l e v e l s  o f  DO M  

i nt a ke . Var i at i on w as h i gh ar o un d  e a ch i nt ake es t i m at e .  T her e w as a 

lac k of a gr e em e nt b e tw e e n  t h e t e c h ni ques bot h i n  a bs ol ut e l e v e l s  of 

i nt a ke an d d i f f er en ces i n  i nt a ke be t w een f eed i ng l eve l s .  

4 . 1 . 2 T h e  D et e rm i n a t i o n o f  F at t y  A c i d  C om posi t i o n  of t h e M il kf at 

F at t y  a c i ds i n  t h e m i l kf at w hi c h ar e s yn t h e s i ze d  i n  t h e  m amm ar y  

gl an d r an ge f rom c .. t o  C 1 6 w i t h  pos s i bl y  sm al l am o un t s  of C 1 8 : 0 ( R o o k  

an d T hom as , 1 983 ) . T y p i ca l l y ,  a l l  o f  C 6 - C 1 2 ,  m os t  o f  C 1 4  an d  at 

l eas t ha l f  of C 1 6 f at t y a c i ds ar e s yn t he s i ze d  de n o vo i n  t he gl an d  f rom 

ace t at e  an d B h ydr o xy - bu t yr at e  s uppl i ed by t he d i et ( i bi d ) .  L i pi ds 

car ri e d  i n  t he bl ood pl asma , d e r i ve d  f r an  t he bod yf at , r e pr es e nt t h e 

ot her s our ce o f  f at t y  a c i ds a c co un t i n g f or t he r em ai n i n g  C 1 4 ,  C 1 6 an d 

l on g  c ha i n f at t y a c i ds ( pr i m ar i l y  C 1 8 : o an d C 1 8 : 1 )  ( i bi d ) .  

I t  h as be e n  fo un d  t hat t he f at t y  a ci d  c om po s i t i o n  of m i l kf at i s  

hi gh l y c o r r e l at e d t o  t he d i ge s t i bl e  ener gy i nt a ke of l a ct at i ng d a i r y  

and b e e f  c a t tl e  gr a zi n g  o n  t ro pi c al ( S t o b bs and B r et t , 1 9 74 ;  1 9 7 6 ) and 

t em pe r at e  ( Pa yn e  et a l , 1 98 1 ) s w ar ds .  S t o bbs an d Bret t ( 1 97 4 - 1 97 6 ) 

foun d t ha t  w i t h i n a p pr o xi mat e l y s i x d a ys f ol l ow i ng a r es t r i ct i on o f  
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en er gy i nt a ke t he pr o po rt i on of C ., -C 1 6  f at t y  a c i ds i n  m i l kf at de cr eas ed 

wh i l e t he pr o po r t i on o f  C 1 8 : 1 i n cr eas ed . I n  P a yn e  et al ' s  ( 1 98 1 ) 

tri al s t he r at i o  of C 1 8 : 1 to C 1 0  was o bs er ve d  t o  i ncr eas e w i t h i n a w e e k  

i n  r es po n s e t o  i nade qua t e  ener gy i nt a ke . Bar ts ch et a l  ( 1 981 ) com par ed 

cows f e d  e ver y t hr e e  ho urs wi th cows n o t  fe d for 2 4  ho urs an d f o un d  

t ha t  a f t er 1 2- 1 8  ho ur s m i l kf at s am pl es of the cows not f ed co nt ai ne d  

1 es s C 6 , C 8 , C 1 0 , C 1 2 , C 1 .. an d C 1 6 f at t y  a c i ds a'1 d mor e  C 1 8 : 1 an d C 1 8 : 2 
f at t y  a ci ds .  

O n  t he bas i s  of the a bo ve , t he co l l ect i ve pro port i ons of C 6- C 1 .,  

( s ho r t  cha i n ) an d C 1  a :  0 - C 1  e :  1 ( l on g  c ha i n )  f att y a c i ds wer e 

de t er m i ne d  i n  t he pr es ent e xper i m en t  as re pr es ent at i ve of en er gy f or 

t he pro d u c t i on of m i l kf at d e ri ve d  f r om t he di et an d mo bil i za t i o n  of 

bo dy f at ,  r es pe ct i ve l y �  Thi s w as do ne i n  or der to com par e i nf orm at i on 

pro vi de d b y  t he m e as ur eme nt of i nt a ke and chan ges i n  L W/ CS  wi t h  r e gar d 

t o  t he i mm ed i at e  an d s ubs e qu e nt eff ect s of un der f eed i ng on m i l k  

pro d u cti on an d t h e  ef fe cts of cow B I  o n  t he s ame . Y i el ds of f at t y  

a c i ds ( t he pro port i on o f  ea ch a c i d t i m es mean da il y m i l kf at yi e l d )  w er e  

not d et e rm i ne d s i n ce t hi s  wo ul d ha v e  i nt rod u ce d  a f ur t her s o ur ce of 

err o r  t hus r e d uc i ng s ens i ti vi t y of the s t at i sti cal an a l ysi s .  

4 . 2  T HE E FFE CTS OF UN DE R FEE DIN G I N  E A RL Y  LA CTATI ON 

4 . 2 . 1 I mme d i at e  E f fe cts o n  M i l k  P ro d u c t i o n  

4 . 2 . 1 . 1  M i l k , M il kf at an d M il k  P r ot ei n Y i el ds 

D uri n g  t he e x pe ri m e nt , un d e rfee d i n g  r e d u ce d  m i l k yi el d  i n  a gr e em e n t  

wi th e ar l y  r evi ews of l i t er at ur e  ( B l axt er , 1 95 0 ; Burt , 1 95 7 ) , m or e  

r e ce n t  E uro pe a n  wor k  ( Br os t er , 1 9 72 ; B r os t er an d St ri c kl an d , 1 97 7 ; L e  

D u  an d N ew ber r y ,  1 981 ; 1 982 ) , e ar l y N .  Z .  r es ear ch ( G er r i ng a n d Y oun g ,  

1 9 6 1 ) an d r e ce n t  A us t r al asi an d ata ( Br yant , 1 9 80 ;  Br yant an d T ri gg , 

1 97 9 ; Gl as s ey et al , 1 980 ; Gra i n ge r  an d  W i l he l ms ,  1 97 9 ; Grai n ger et 

�� . 1 982 ; H ut t on an d D ougl as , 1 97 5 ; M oat e et al , 1 980 ; N garm s a k , 1 984 

and S tockd a l e  et al , 1 98 1 ) .  Y i el ds of mi l kf at an d m i l k prot ei n w er e  

al so r educe d by un der f eed i ng as f oun d by t he abo ve A us t r al as i an 

a ut ho rs .  O t h er e x pe r i m e nts r e por t i n g  r e d u ce d  m i l kf at yeil ds d ue t o  

un der f ee d i n g  i n  ear l y  l act at i on ar e s ho w n  i n  t abl e  1 . 1 .  

Y i el ds of m i l k  an d m il kf at of r es t ri cted vers us a d  l i bi t um f e d  cows 

an d t h eir per ce nt a ge r e d u c t i o ns d ue to un derfee di n g  d ur i n g  t he 

e xper i m ent al per i od ar e s ho w n  i n  t abl e 4 . 1 . Over t he f our w e ek s  ther e 

w as a 6 .  6 k g/ cow or 2 5% red u ct i o n  i n  m i l kf at d u e to un derfe e d i n g  ( s e e  

appe n d i x 7 ) . Thi s com par es wi th a 2 4 %  r ed uc:t i on i n  m i l kf at yi el d  
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reported b y  Br y a n t  a n d  Tr i g g  ( 1 9 8 2 ) ( se e  1 . 1 . 2 ) .  Howe v er , v ar i a t i o n  

b e twe e n  e x pe r i men t s  must b e  b o r n e  i n  m i n d  wh en m aki n g  s u c h  c ompa r i so n s  

e . g .  e x pr e s s i o n  o f  i n take , n a t u r e  o f  t he d iet , c ontrol l e v e l s  o f  

fe ed i n g  a n d  m i l k  prod ucti on , a n d  t i m i n g , d u r a t i o n  a n d  s e v e r i ty o f  

und e r fe e d i n g . 

Tab l e  4 . 1 The Y i e l d s  o f  Mi l k  a n d  Mi l kf a t  ( kg/ cow/ d a y )  fo r Cows G r a zed 

at R e st r i c ted ( R )  or Ad Li b i tum ( AL )  Fee d ing Le vel s d u r i n g  E a r l y  

Lacta t i o n  ( le a st squ a r e  mean s a n d  the i r  stand ard erro r s ) . 

Mi l k  Y i e l d  

Week o f  

Lac t a t i o n  R AL 

X X S . E . x 

Expe r imen t a l  5 1 6 . 5  22 . 2  1 . 0 

6 1 5 . 7  22 . 7  0 . 9  

7 1 1  • 6 2 1 . 0  1 . 1  

8 1 0 . 8 20 . 3  0 . 9  

Post- 9 1 3 . 3 1 9 . 3  1 .  0 

E x pe r imen t a l  1 0  1 4 . 3  1 8 . 4  1 .  0 

1 1  1 5 . 6 1 8 . 3  1 . 2 

1 2  1 5 . 8 1 8 . 2  1 • 1 

1 3  1 5 . 2  1 7 . 8 1 . 3 

Note : R-AL = R-ALX 1 00 
� �  

NS = Not S i g n i fi c an t ( ?  > 0 . 05 )  * = 

L . o . s .  = L e v e l  o f  S i g n i fi c an c e  ( o f 

R -A L  

C % )  L . o . s . 

2 6  

3 1  * * *  

4 5  

4 7  

3 1  * * *  

2 2  

1 5  

1 3  NS 

1 5  

R 

x 

0 . 9 1 

0 . 75 

0 .  6 1  

0 . 52 

0 .  5 1  

0 . 66 

0 . 67 

0 . 73 

0 .  72 

p < 0 . 05 * * *  = 

e ac h  per iod of 

Mi l k f a t  Y i e l d  

A L  

X s .  E . x 

0 . 9 9 0 . 0 5 

0 . 9 6 0 . 05 

0 . 9 1  0 . 05 

0 . 88 0 . 04 

0 . 8 9 0 .  04 

0 . 8 1 0 . 05 

0 . 84 0 .  04 

0 . 8 8 0 .  05 

0 . 7 8 0 . 05 

p < 0 . 00 1  

a n a l ys i s )  

R-AL 

( % )  L . O . S . 

8 

2 2  * * *  

3 3  

4 1  

4 3  * * *  

1 9  

2 0  

1 7  * 

8 

The T i m i n g , Dur at i o n  and Sev e r i t y  o f  Und er feed i ng .  T h e  immed i a t e  

effe c t s  o f  under fe e d i n g  on m i l k  a n d  m i l kfat pro d u c t i o n  a s  fo und by t h e  

pr esen t e x per i men t are g r eater t h a n  t h o s e  r eported by o t h e r  r ec e n t  wor k  

( G r a i n g er e t  a l , 1 98 2 ; Le D u  a n d  Newb er r y , 1 98 1 ; 1 9 8 2 ; N g armsak , 

1 98 4 ; s e e  tables  1 . 4 ,  1 . 2  and 1 . 5 ,  r e s pec t i v e l y ) .  P r i ma r i l y  t h i s  c a n  

be e x p l a i n ed b y  t h e  g r ( ' a t e r  sev e r i t y  o f  und er feed i n g  s i n c e  t h e  d ur a t i o n  

,... f" 1 1 n ri <> r -fP P rl i n 11: d i d  n o t  v ar y  m a r ke d l y  a n d  the e ffec t s  o f  t i m i n g  a r e  
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unc l e a r  ( see 1 . 1 . 2 ) . Gr a i n g e r  e t  a l  ( 1 982 ) and Ngarmsak ( 1 9 8 4 ) 

mea s u r ed smal l e r  i n t a ke d i ffe r e n c e s  be tween feed i n g  l e v e l s ( see 1 )  i n  

4 . 2 . 1 . 2 ; bear i n g  i n  m i n d  t h a t  i n ta ke was e x pr e s s e d  a s  DM a n d  not DOM ) . 

The d i ffe r en c e  i n  h e r b age a l l owan c e  be tween the c o n t r o l  and sever l y  

r e s t r i c te d  feed i n g  l e v e l s  i n  Le Du a n d  Newber r y ' s  ( 1 9 8 1 , 1 982 ) 

e x pe r i me n t s  wa s o n  a v er ag e  o n l y  1 6  k g DM/cow/day c ompa r ed to 22 

kgDOM/cow/day in the p r e s e n t  e x pe r imen t . Fur ther mor e ,  t he r e  wer e  

smal l er e ffec t s  o f  u n d er fee d i n g  o n  c ow LW a n d  CS i n  t h e  above c ompa r ed 

to t h e  p r e se n t  e x pe r imen t s  ( se e  tab l e s  1 . 4 , 1 . 2  a n d  1 . 5 ) .  

4 . 2 .  1 . 2 The Av ai l ab i l i t y  o f  Energy for Mi l k  Prod uc t i o n  

T h e  i mm ed i a t e  e f fe c t s  o f  und e r fe e d i n g  o n  m i l k  p r o d u c t i o n  were d ue to 

a d ec r ea s e d  amou n t  o f  d ie ta r y  e n e r g y  i n take i n  a s soc i a t i o n  wi th a 

r ed uc t i o n  i n  t he pa r t i t i o n i n g  o f  d ie ta r y  energy t o wa r d s  LW g a i n . 

Supp o r t  fo r t h i s st a tement i s  d i sc us sed a s  fo l l ows : 

1 )  DOM I n t a k e  

T h e  g re a t e r  amo u n t  o f  d ie t a r y  e n er g y  r e c e i v ed b y  t he ad l i b i tum fed 

compa r ed to r e s t r i c t e d  cows i s  e v i d e n c ed b y  t he i r  greater DOM i n take . 

Her b a g e  DOM i n take ( kg/ cow/ d a y )  was r ed uced due t o  u n d er fee d i n g  b y  1 0 . 2  

( 5 7 % ) , 3 . 3 ( 2 6 % ) an d 4 . 2  ( 4 1 % )  a s  e st i mated b y  t h e  HCT and COT sampl i n g  

per i o d s ( 1 )  and ( 2 ) , r e spec t i v e l y .  However , t he l ac k  o f  p r ec i si o n  o f  

c ur r e n t  m e t ho d s for measur i n g  i n ta ke o f  g r a z i ng a n im a l s must b e  b o r n e  

in m i n d  ( se e  4 . 1 . 1 ) .  

Other r e se ar c he r s h a v e  m e a s u r ed her b ag e  intake and i n  the t r i a l s  

r e v i e wed b y  Bryant a n d  T r i g g  ( 1 9 8 2 ) ( summari zed i n  t ab l e  1 . 1 )  D M  i n t a ke 

was d e pr e s se d  d ue t o  under feed i n g  b y  38% o n  aver a g e . I n  G r a i n g er � 

al ' s  ( 1 9 8 2 ) and Ngarmsak ' s  ( 1 98 4 ) t r i a l s  DM i ntake wa s d epre ssed by 4 3 %  

a n d  3 7 % , r espec t i v el y .  

2 )  C h a n g e  i n  Cow L i vewe i ght and Cond i t ion 

i )  L i v ewe i ght . Du r i ng und e r feed i n g , r es t r i c ted cows g a i n ed 4 1  kg/ cow 

l e s s  LW t h a n  ad l i b i t um fed cows . Thi s  i n d ic ates t h a t  l e s s  d i etar y 

en e r g y  w a s  pa r t i t i on e d  towa r d s  LW g a i n  in the und e r fe d  cows . 

E x pe r i m e n t s  r e v ie wed by Bro ster ( 1 972 ) , i n c lud i n g  e ar l y  New Z e a l a n d  

r e s e a r c h , h a v e  shown t h a t  u n d er feed ing resul t s  i n  d e c r e ased LW g a i n s  o r  

i n c r e a s e d  l o s s  o f  LW . Si m i l ar l y , r ecent Aust r al a s i a n  wor k  ( rev iewe d  b y  

B r y a n t  a n d  Tr i gg , 1 98 2 ) h a s  shown r es t r i c t i o n s  i n  herb a g e  i n take t o  b e  

a s s o c i a t e d  with r e d u c t i o n s  i n  L W  r e l at i ve t o  control  a n i mal s ( see t a b l e  

1 .  1 ) .  Le D u  and Newber r y  ( 1 98 1 , 1 982 ) fo und t h a t  r e s t r i c t i o n s  i n  

h e r b a g e  al l owanc e  r e s ul ted i n  d ep r e s sed c o w  LW ' s  r e l a t i v e  t o  we l l  fed 

an i m al s  ( se e  tab l e  1 . 2 ) . In Ng armsak ' s  ( 1 984 ) ex pe r i m�n t r e str i c te d  



cows g a i n e d  1 5  kg l e s s  LW t h a n  c ows wh i c h  we r e  g enerous l y  fed ( P  < 
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i i ) Cond i t i o n . The m ob i l i za t i o n  o f  bodyfat to suppo r t  m i l k  p r o d u c t i o n  

in the und e r fe d  cows i s  shown b y  t he l o s s  o f  0 . 3  CS/cow wh i l e  ad 

l i b itum feed i n g  r e s u l ted i n  a g a i n  of 0 . 4 CS/ cow ; a d i ffe r e n c e  o f  0 . 7  

CS by t he e nd o f  t h e  e x pe r imen t a l  pe r i o d  ( as s o c i a ted wi t h  t h e  

d i f fe r en c e  o f  4 1  k g  LW ) .  

Thr ee o f  the e x pe r i men t s  i n  t a b l e  1 . 1 measured cha n g e s  i n  bod y  

cond i ti o n  : B r y a n t  a n d  T r i g g  ( 1 97 9 ) , G l a s s e y  e t  al ( 1 9 80 ) and Stockd a l e  

e t  al ( 1 9 8 1 ) al l f o u n d  that u n d er fee d i n g  caused losse s i n  cond i t i o n  ( as 

assessed b y  CS ) i n  l i n e  wi t h  LW l o s s . S i m i l ar l y  l o s s e s  i n  CS d u e  t o  

under feed i n g  occur ed i n  Gr a i n g e r  et a l ' s  ( 1 98 2 ) and Ngarmsak ' s  ( 1 98 4 ) 

e x per i men t s  wh i c h  c a n  be s e e n  i n  tab l e s  1 . 4  and 1.5 , r e spe c t i v el y .  

i i i ) Li v ewe i ght Ve r su s  Cond i t i o n . I t  i s  a t  f i r st s u r p r i s i n g  t h a t  t he 

under fed cows d id n o t  l o se LW i n  kee p i n g  wi t h  t he l o s s  i n  CS ( th i s  w a s  

a l so fo und b y  Ngarmsa k , 1 9 84 ) .  Howe v er , LW i s  compo s e d  o f  p r o t e i n  a n d  

water i n  add i t i o n  t o  f a t  whe r e a s  CS i s  a m e a s u r e  o f  b od yf a t  c o v e r . 

Hence wh i l e bodyfat was mob i l i zed to support m i l kf a t  prod u c t i o n  i t  

seems t h a t  d ie t a r y  n u t r i e n t s  we r e  st i l l  par t i ti oned towar d s  t i s s u e  

prote i n  a n d  wat e r . G r a y  e t  a l  ( 1 98 1 ) ( c i ted by Gr a i n g e r  a n d  McGowa n , 

1 982 ) h a v e  shown t h a t  a s  c ow C S  d e c r e a se s , c ompos i ti o n  o f  t h e  b o n e- fr ee 

carcass  and g u t s  c hanges s u c h  t h a t  fa t % dec r ease s ,  p r o t e i n  % i n c r e a s e s  

s l i g ht l y  a n d  wa t e r  % i n c r e a se s .  

3 )  SCFA % and LCFA % i n  the M i l kfat 

I n  the l as t  wee k  of und e r feed i n g  the propo r tions of short c h a i n  

fatty ac i d  ( SCFA % )  i n  the m i l k f a t  o f  r e st r i c ted cows wer e  found t o  b e  

r ed uced b y  8 %  and 6 %  ( fo r  samp l i n g  d a ys o n e  and two r e spec t i v el y )  

r e l a t i v e  to cows fed ad l i b i tum . Thi s  c onfi rms the DOM i n ta k e  d at a  i n  

showi ng t h a t  r e s t r i c ted cows wer e  c o n suming l ess d ie t a r y  e n e r g y  ( se e  

4 . 1 . 2 ) .  Ngarmsak ( 1 9 84 ) found und er feed i n g  t o  red u c e  SCFA% i n  t h e  

m i l kf a t  b y  1 7 % ( P  < 0 . 00 1 ) r e l a t i v e to generous feed i n g . T h e  g r e a t e r  

e ffect o f  und e r feed i n g  o n  SCFA% i n  Ngarmsak ' s  e xper i m e n t  i s  per p l e x i n g . 

I t  i s  un l ikel y to b e  due to more s e v er e r e st r i c t i o n  s i nc e  r ed uc t i o n s  i n  

intake and e f fe c t s  o n  c ow LW a n d  C S  w e r e  sma l l er than i n  t h e  p r e s e n t  

e x pe r imen t .  

Du r i ng the l a st week o f  und er fee d i n g  the r e  wer e  d i f fe r en c e s  i n  t he 

propo r t i o n s  o f  l o n g  cha i n  fa t t y  ac i d s  ( LCFA % ) in the m i l kf a t  b e t we e n  

r e s t r ic ted and a d  l i b i tum fed cows ( s i g n i fi c an t  a t  P < 0 . 1 0  but n o t  a t  

P < 0 . 05 ) . LCFA% i n  the m i l kf a t  o f  r es t r i c ted cows wer e  found t o  b e  

inc r eased b y  2 5 %  a n d  4 %  ( fo r  sampl i n g  d a ys o n e  and two , r e s pec t i v e l y ) . 

Thi s  i n d icates t h a t  the r e s t r i c ted cows we r e  mob i l i zi ng bod y f a t  t o  a 
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gr eat er e xt ent ( s ee 4 . 1 .  2 )  t hus co nf i rm i n g t he cha n ge i n  CS da t a  

di s c us s e d  pr e vi o usl y .  N ga rmsak ( 1 9 8 4 )  o bt ai ne d  a 2 2 %  i n cr e as e o f  L C FA% 

i n  t he m i l  kf at due to un de r f eed i ng ( P < 0 .  001  ) . The h i gher 1 eve 1 of 

si gn i f i can ce at tache d t o  N garmsa k ' s r es ul t  i n di c at es a mor e s u bs t an ti al 

eff ect of un der f eed i ng o n  bo d yf at m o bi l i zat i on .  I n de e d ,  Ngarm s a k '  s 

m i l kf at s am pl es w er e  col l e cte d i n  t h e  s e cond an d t hi r d  wee ks of 

un de r f e edi ng an d t he m ean L CF A% ca l cu l at ed .  I t  i s  s ugges t ed f or t he 

pr es e nt e x pe riment t hat b y  t h e  f o urth an d l as t  w e e k of un derfee di n g  t he 

bo d yf at r es er ve s  of r es t r i ct ed cows wer e l ar ge l y d e pl et ed .  

4 )  M i l k  an d M i l kf at R es po ns e s  P er K g  C han ge i n  DO M I  

T a bl e  4 . 2 s hows t he d if f er en ces i n  DOM i nt a ke , m i l k  yi el d an d 

mi l kf at yi el d be tween t he r es tr i ct ed an d ad l i bi t um f ed cows an d he n ce 

m il k  an d m i l kf at r es po ns es per kg chan ge i n  DOM i nt a k e f or ea ch 

e xper i m ent al wee k .  T he e f f ects of un de r f eed i ng o n  m i l k an d m i l kf at 

yi el ds ( s how n i n  t a bl e  4 . 1 )  i n cr e ase d wi t h  t he d ur at i on of t he 

e xp er i m ent ( P  < 0 . 001 ) a n d  he n ce r es pons es per kg i ncr eas e i n  DO M 

i nt a ke i n cr e as e d  fr om t h e  f i rs t  t o  t h e  l as t  week . 

T abl e 4 . 2 M il k an d M il kf at R es pons es ( k g / cow/ da y )  t o  C han gi ng DO M 

I nt ake ( I) ( k g / cow/ day ) d ur i ng t he Exper i m ent al Per i od ( i nt ake , m i l k 

yi el d an d m il kf at yi el d , d at a  ar e deri ve d  fr om l e as t  s quar e m e a ns ) . 

W e e k  o f  

Exper i m ent 

2 

3 

4 

N ot e :  R -A L  

DO MI Mil k Y i el d  6 MY M il kf at Y i el d  6 MF Y  

( R  -AL) ( M Y ) ( R -A L )  6 1  kgDO MI ( MF Y )  ( R -A L )  6 1  kgDO MI 

1 o .  1 5 . 7 0 . 6 0 .  0 8  0 .  01 

9 . 5 7 . 0 0. 7 0 .  21  0 .  02 

1 0 . 2 9 . 4 0 . 9 o .  3 0 0 . 0 3  

1 0 .  2 9 . 5 0 . 9 0 . 3 6  0 .  0 4  

d i f f er en ce betw e e n  r es t ri ct e d  an d a d  l i  b i  t urn f e d  cows 

I t  a p pe ars pro ba bl e  t h at e arl y o n  i n  un derfe e di ng bo d yf at w as 

mobi l i ze d t o  s upport m i l kf at pr o d uct i on .  Hen ce t he ne gl i gi bl e  eff ect 

on m i l kf at yi eld ( 8 % ) an d t he l ow r es po ns e of o nl y  0. 0 1  kg m il kf atl kg 

i ncr eas e DOM i nt a ke . Fur t herm or e ,  m i l k y i el d  w as i ni ti al l y  a f f ect e d  t o  

a w- e at er e xt e nt than m il kf at yi el d .  L at e  in un d e rfee di n g  f ew er 

bo d yf at r es er ve s  wer' e a va i l abl e t o  s upport m i l kf at pr o d uct i on he n ce 

t her e w as a s u bst anti al r ed u c t i o n  i n  m il kf at yi el d ( 4 1  % )  an d a m u c h  

hi gher r es )X) ns e of 0 . 04  k g  m i l kf at / kg i n cr eas e DO M i nt a ke . Thi s i s  i n  



k e e pi n g  w i th t he sugg e s t i o n  m a d e  p r e v i o u s l y  t h a t  bod yfat r e s e r v e s o f  

t he u n d e r fe d  cows wer e  l ar g e l y d e pl e ted by t he l ast we e k  o f  t he 

e x pe r i m en t .  
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The m i l k  a n d  m i l kfa t r e sponses i n  tab l e  4 . 2  are o n l y  m e a n i n g fu l  i n  

r e l a t i o n t o  one ano the r r a t h e r  t h a n  as ab so l ut e  v a l u e s  d ue to t h e  l ac k  

o f  pr ec i s i o n  assoc i a te d  w i t h  the mea sur ement o f  DOM i n t ake d i s c u s s e d  i n  

4 .  1 . 1 .  F o r  thi s r e aso n the r esponse s ob t a i n e d  i n  the p r e s e n t  

e x pe r i m e n t  h a v e  b e e n  u s e d  fo r i l l us t r a t i v e  p u r pose s o n l y  a n d  a r e  n o t  

com pa r ed wi t h  r e s p o n s e s  c a l c ulated b y  other r esearche r s .  Al s o , o t h e r  

r e s e a r c he r s  h a ve o f t e n  e x pr e s sed i n t a ke a s  DM a n d  n o t  DOM . 

4 . 2 . 2  R e s i d ual Effe c t s  o n  M i l k  Prod uction 

1 )  R ec o v er y from Und e r fe e d i n g  

i )  Ch a n g e s  i n  LW a n d  CS . Consi d e r i n g  t he e ffects o f  und e r fe e d i n g  i n  

e a r l y  l ac t a ti o n  on c o w  LW a n d  CS , a r e s i dual e ffec t  on m i l k  p r od u c t i o n  

w a s  t o  h a v e  been e x pe c t e d  whi l e LW a nd CS w e r e  being r e g a i n e d . I n d eed 

t he r e  wer e  d i ffe r en c e s  i n  LW g a i n  a n d  CS g a i n  immed iatel y fo l l owi n g  t h e  

e x per imen t ( weeks 8 - 1 0 o f  l a c ta t i o n ) a n d  o v e r  m i d-l a c t a t i o n  ( we e k s  

1 0-27 ) .  Cows wh i c h  wer e  und er fed i n  ea r l y  l ac t ation g a i n ed more LW 

o v er both pe r iod s ,  t h e y  l o st l e s s  c o nd i t ion o v e r  weeks 9 - 1 0 o f  

l a c t a t i o n  and gained m o r e  cond i t i o n  over m i d - l a c t a t i o n . 

However , these d i f fe r en c e s  wer e  smal l in e n ergy terms ( MJ n e t  e n e r g y  

r e t a i ned ) .  Du r i n g t h e  t h i r d  wee k  a fter the e x per imen t ( we e k  1 1  o f  

l ac t a ti o n ) no d i ffe r e n c e s  wer e  d e t e c ted i n  the LCFA% i n  t he m i l k f a t  

b e twee n  pr e v ious l y  r e s t r i c t e d  a n d  ad l i b i tum fed cows t h u s  i n d i c a t i n g  

n o  d i ffe r en c e s  i n  the m ob i l i za t i o n  o f  bodyfa t .  An y d i ffe r en c e s  i n  

bod yfat mob i l i zation m u s t  have been v er y  smal l , con f i r m i n g  CS 

measur emen t s  o f  onl y 0 . 1 C S  loss a n d  a n eg l i g ib l e  gain i n  CS for the 

prev ious l y  ad l i b i t um fed and restr i cted cows , respecti v el y ,  o v e r  t h e  

fi r s t  po st-ex per imen t a l  per iod . B y  the end o f  m i d  l a c t a t i o n , 

d i ffe r en c e s  i n  LW and C S  d ue to p r e v ious und e r feed ing wer e  3 3  k g  a n d  

0 . 4  CS , r e s pecti vel y .  Assuming t h a t  1 k g  LW c onta i n s  20 M J  n e t  e n er g y  

a n d  1 kg Fr e i si a n  m i l kf a t  conta i n s  7 8  M J  n e t  e n ergy ( Moe e t  a l , 1 97 1 ) ,  

the LW d i ffe r en c e  o f  3 3  k g  was c a l c u l ated to b e  8 . 5  k g  m i l kf a t  wh i c h  

a g r e e s  c l ose l y  with t he 6 . 4  k g  m i l kf a t  r ed u c t i o n  d ue to u n d e r feed i n g , 

fol l owi n g  the e x pe r imen t ( se e  fo l l owing sec t i o n ) .  

i i ) Mi l k , M i l kfat , an d  M i l k  Prote i n  Yield s .  I n  keepi ng wi t h  t he a b o v e , 

pr e v io us l y  under fed cows h a d  reduced yi e l d s  o f  m i l k , m i l k f a t  and m i l k  

p r o t e i n  i mmed i a t e l y  fo l l owi n g  the e x per imen t ( weeks 9- 1 0  o f  l ac t a t i o n  

and reduced y i e l d s  o f  m i l kf a t  a n d  m i l k  prote i n  fo r a f u r t h e r  thr e e  
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weeks . Tab l e  4 . 1 shows m i l k  and m i lkfat y i e l d s  for pr ev ious l y  

r e st r i c te d  v e r sus a d  l i b i tum fed c ows fol l owi n g  t he e x pe r i men t u n t i l  

ther e  wer e  n o  l o n g e r  a n y  d i ffe r en c e s  ( P  > 0 . 05 )  d u e  t o  p r ev i o us 

u n d er feed i n g . In t he f i ve wee k s  fo l l owing t h e  e x pe r i men t pr e v io us l y  

r e s t r i c ted cows prod u c ed 6 . 4  k g  l e s s  m i l kfat so that the r e  wa s a t o t a l  

r e s i d ua l  e ffec t  o f  1 . 0  t i mes t he i mmed i a te e ffec t o f  und e r fe e d i n g  o n  

m i l kf a t  pro d uc t i o n  ( se e  appe n d i x  7 ) . 

The smal l and t r a n s i e n t  n at u r e  o f  thi s r e s i d u a l  e f fe c t  c o n t r a s t s  

with e a r l y  New Z e a l a n d  r es e a r c h  ( Ge r r i ng and Youn g , 1 96 1 ) and E u r o pe an 

wo r k  r e v i e wed by B r o s t e r  ( 1 972 ) and Br oster and Str i c kl an d  ( 1 977 ) .  

Howe v er i t  i s  i n  a g r eement w i t h  more r ecent e x pe r imen t s  i n  E u r o pe 

r e v i e w�d b y  Bro s t e r  a n d  Str i c k l and ( 1 977 ) ,  r ec en t  Aus t r a l a s i a n  d at a  

r e v i e wed b y  Br yant a n d  T r i g g  ( 1 98 1 ) ( see tab l e  1 . 3 )  a n d  wo r l d -w i d e  

r e s e a r c h  r e v i e wed b y  B r o s t e r  a n d  Thomas ( 1 98 1 ) .  The fac t  tha t m a n y  o f  

the e x pe r i m e n t s  summ a r i z ed i n  t a b l e  1 . 3  found res i d ua l  e ffec t s  t o  b e  

n o n  s i g n i f i c a n t  wo u l d  h a v e  b een l ar g el y  because total m i l k f a t  

prod u c t i o n  fo l lowi n g  u n d er feed i n g  to t h e  end o f  l ac t a t i o n  wa s c om pa r ed . 

I n  Bl ue t t ' s  ( 1 977 ) wor k  ther e w a s  a s i g n i fi c an t  r e s i d ua l  effe c t  whi c h  

was pa r t l y  bec ause i t  w a s  m e a s u r ed for o n l y  9 0  d a ys fo l l owing 

und e r feed i n g  ( Br y a n t  and  Tr i gg , 1 982 ) .  

2 )  Compe n sa to ry R e spo n s e  from P r e v iously Und er fe d  Cows 

I t  ha s b een sugg e st e d  by Bro ster and Thomas ( 1 98 1 ) that c ows s h o w  a 

c ompe n sa to r y  r e spo n se i n  terms o f  volunta r y  i n take when o ffe r ed 

g e n e r o us quan t i t i e s  o f  g ood qu a l i t y  food fo l l owi n g  a per i od o f  

u n d er feed i n g  thus r ed uc i ng a n y  r e s i dual effe c t s  o n  m i lk prod u c t i o n  ( see 

4 )  in 1 . 1 . 3 ) .  Howev e r  in the p r e s e n t  expe r iment the r e was n o  i n c r e ase 

i n  DOM i n take o f  p r e v i o u s l y  r e s t r i c ted versus  ad l i b i t um fed cows 

fo l l owi n g  und e r fe e d i n g . Fur thermore d u r i n g  t he t h i r d  wee k  s ub se qu e n t  

t o  t he e x pe r iment t he r e  was n o  e ffect o f  pr e v ious und e r feed i n g  o n  SCFA% 

in the m i l kf a t  suggest i n g  no e ffec t  on the l evel of d ie t a r y  e n er g y  

c o n s umed fo r the prod u c t io n  o f  m i l kfat ( see 4 . 1 . 2 ) . The r efo r e  i t  

appe a r s  t h a t  r api d r e c o v e r y  o f  the pr e v ious l y  restr i c ted cows i n  m i l k  

prod u c t i o n  was not d ue t o  a n y  c ompensa to r y  i n c re a se i n  v o l un t a r y  

i n t a ke . 

3 )  The Timin g ,  Dur at i o n  and S e v er i t y o f  Und e r feed ing 

There i s  e v id e n c e  to suggest t h a t  the t i m i n g , d u r a t i o n  and s e v er i t y 

o f  under feed ing a r e  i mportant i n  d eter m i n i n g  the e x t e n t  o f  r e s i d u a l  

e ffects o n  m i l k  p r o d u c t i o n ( se e  5 )  i n  1 . 1 . 3 ) . The r e s i d ua l  e ffec t o f  

1 . 0 t i mes t he i mmed i a te e ffec t  o n  m i l kfat y i e l d  ob ta i n ed in t he p r e se n t  

e x pe r imen t agrees m o r e  c l o se l y  w i t h  Gr a i nger et a l ' s  ( 1 9 82 ) m e a s u r e men t 

o f  1 . 3 than the r e s i d ua l  e f fe c t  o f  0 . 1 found by Ngarmsak ( 1 9 8 4 ) .  Th i s  
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was e x pec t ed s i n c e  i n  Ngarmsa k ' s  e x per iment u n d er fee d i n g  was sho r t e r , 

l e s s  s e v e r e  ( as e v i d en c ed by t he sm a l l er percentage r e d uc t i o n  i n  i n t a k e  

a n d  l o s s  i n  C S  d i sc us se d  in 4 . 2 . 1 )  a n d  occured l a ter i n  l ac t a t i o n  t h a n  

t h e  fo rmer two e x pe r iments ( se e  t ab l e s  1 . 4  a n d  1 . 5 ) . 

4 . 2 . 3 I mmed iate and R e s i d u a l  Effec t s  o n  Mi l k  Compo s i t i o n  

1 )  I mmed i a t e  Effe c t s  

U n d e r fe e d ing in c r e a sed m i l kf a t  concen t r a t i o n ( % )  d u r i n g  the 

e x pe r i me n t ( see t a b l e s  3 . 7  and 3 . 8 )  i n  ag r eemen t wi th Bryan t ( 1 97 8 / 7 9 ) ,  

Br yan t a n d  T r i gg ( 1 97 9 ) ,  F l u x  and Patche l l  ( 1 95 7 ) ,  Gr a i n g er and 

Wi l he l m s  ( 1 97 9 ) ,  Hutton and P a r ke r  ( 1 9 66 ) ,  Patchell ( 1 95 7 ) and Rog e r s 

et a l  ( 1 97 9 a ) . Other wor ke r s fo und und e r feed i n g  in e a r l y  l ac t a t i o n  

dec r e a se d  m i l kf a t  S ( Br ya n t , 1 97 9 ;  1 98 0 ) or had a n e g l i g ib l e  e f fec t  

( G l a s s e y ,  1 980 ; G r a i n g er e t  a l , 1 9 8 2 ; L e  Du e t  al , 1 98 2 ; Moate e t  

�' 1 9 8 0 ; N garmsa k , 1 98 4 ; S to c kd a l e  e t  a l , 1 98 1 ) .  The i n c r e a s e s  i n  

m i l k f a t % i n  the p r e s e n t  e x pe r iment wer e  0 . 97 ,  0 . 55 ,  0 . 92 a n d  0 . 4 4 

pe r c e n t a g e  u n i t s  fo r weeks 5-8 o f  l ac t a t i o n , r e spec ti v el y . These wer e  

in the upper r an g e  o f  t ho se v al ue s  r epo r ted by Br yan t and T r i g g  ( 1 9 8 2 ) 

( see t a b l e  1 . 6 ) . The r e ason for the i n c r ease i n  m i l k f a t  % i s  prob ab l y  

that u n d e r fe e d i n g  d e p r e ssed m i l k f a t  y i e l d  to a l e sser e x te n t  than t h e  

y i e l d  o f  w a t e r  and sol i d s-no t-fat d ue to the i n c r eased mob i l i za t i o n  o f  

bod y f a t  ( se e  tab l e  4 . 2 ) . The r e  w a s  a g r eater e ffect o n  cond i ti o n  i n  

the p r e s e n t  e x pe r i men t than i n  Gr a i nger e t  a l ' s  ( 1 98 2 ) and Ng armsa k ' s  

( 1 9 8 4 ) e x pe r imen t s  ( see 4 . 2 . 1 . 2 )  wh i c h  a t  l e a st par t l y  e x p l a i n s  t he 

po s i t i v e  e f fect o n  m i l kfat % .  I t  would appe ar that the e ffects o f  

und e r fe ed i n g  on m i l kfat % d e pend o n  cha n g e s  i n  bod y  c o nd i t i o n  and t he 

r ed u c t i o n  i n  e n e r g y  i n take . 

M i l k  p r o t e i n  concen t r a t i o n  ( % )  was r e d uced b y  u n d e r feed i n g  d u r i n g  

the e x pe r iment ( see tables 3 . 9  a n d  3 . 1 0 )  i n  a g r eeme n t  w i t h  m a n y  o t h e r  

wor ke r s  ( Br o st e r  a n d  St r ic k l and , 1 977 ; B r y a n t , 1 97 8 17 9 ;  1 97 9 ;  1 98 0 ; 

Bryan t and Tr i gg , 1 97 9 ; F l u x  and Patche l l , 1 95 4 ;  1 95 7 ;  G l a s se y ,  

1 98 0 ; G r a i nger and W i l helm s , 1 97 9 ; Hutton and Dou g l a s , 1 975 ; H u t t o n  

a n d  P a r k e r , 1 96 6 ; N g armsa k , 1 98 4 ; Patchel l ,  1 95 7 ; R o g e r s  e t  a l , 

1 97 9 ;  Stockdale e t  a l , 1 9 8 1 ) .  Howe ver G r a i nger e t  a l  ( 1 98 2 ) and M o a t e  

et a l  ( 1 98 0 ) found t h a t  und e r fe e d i n g  i n  ear l y  l ac t a t i o n  h a d  no e f fe c t  

o n  p ro t e i n  % .  I n  the prese n t  e x pe r imen t the r educ t i o n s  i n  prote i n  % 

wer e  0 . 28 ,  0 . 2 1 , 0 . 39 and 0 . 3 6 p e r c en t a g e  u n i t s  fo r weeks 5-8 o f  

l ac t a t i o n  r e spec t i v el y ,  whi c h  a g a i n  wer e  i n  t he upper r an g e  o f  t ho s e  

val ue s r e po rted b y  Br yant a n d  Tr i g g  ( 1 9 8 2 ) ( se e  tab l e  1 . 6 ) . I n  

Nga r m sa k ' s  ( 1 98 4 ) e x pe r imen t pro t e i n % w a s  r e d uced o n  aver age b y  o n l y  
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2 )  R e s i d ua l  E f f e c t s  
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F o l l ow i n g  the e x pe r i men t the r e  w a s  no effect o f  p r e v i o us fee d i n g  

level  o n  m i l k f a t  � ( se e  t a b l e s  3 . 7  a n d  3 . 8 ) i n  a g r e emen t wi t h  F l u x  a n d  

Patche l l  ( 1 95 4 , 1 95 7 ) , G l a s s e y  ( 1 9 80 ) ,  G r a i n g e r  a n d  Wi l he l m s  ( 1 97 9 ) ,  

G r a i nger et a l  ( 1 98 2 ) ,  a n d  Patche l l  ( 1 95 7 ) .  Br yant and Tr i gg ( 1 97 9 ) ,  

ho wev e r , found some i n d i c a t i o n  o f  r e s i d u a l  e ffec t s  o f  und e r feed i n g  o n  

m i l kfat per c e n t a g e  i n  t he i r  second e x pe r imen t .  When e n e r g y  b a l an c e s  

wer e  b e i n g  c ar r i e d  o u t  i n  t h e  1 0  wee k s  followi n g  t he i r  e x pe r i m en t , 

m i l kfat pe r c e n t a g e  wa s l ower ( P  < 0 . 05 )  for cows p r e v ious l y  s e v e r e l y 

r e st r i c te d  v e r s u s  t h o s e  fed ad l i b i tum . Le Du e t  a l  ( 1 98 2 ) a l so noted 

that i n  the r ec o v er y  phase o f  the i r  e x pe r iment m i l kfat � wa s 

s i g n i fi c a n t l y  d e p r e s s e d  after s e v er e r es tr i c t i o n  for fi v e  wee k s  i n  

ear l y  l ac t a t i o n . 

Prote i n  % w a s  d ep r e s se d  i n  pr e v i o us l y  r e st r i c te d  cows fo r a further 

two weeks fo l l ow i n g  t h e  e x pe r imen t .  G r a ihger and W i l he l m s  ( 1 97 9 )  found 

that pro t e i n  % r em a i n e d  d ep r e s se d  for the who l e  of l ac ta t i o n  ( P  < 

0 . 05 ) .  Other wo r ker s h a v e  found prote i n  % to r e t u r n  r ap i d l y  t o  normal 

fol l owi n g  und e r fee d i n g  ( Br ya n t  and Tr i gg , 1 97 9 ; F l u x  and Patc hel l ,  

1 95 4 ; 1 95 7 ; G r a i n g e r  et a l , 1 9 82 ; Le Du a n d  Newb er r y ,  1 98 2 ; 

Patche l l , 1 95 7 ) . 

4 . 3  THE EFFECTS OF C OW B I  ON ASPECTS OF PRODUCTIVITY 

4 . 3 . 1  M i l kfa t Y i e l d , C h a nge i n  L i v ewe ight and Cond i t i o n  S c o r e  

H i g h  B I  c ows h a d  h i g h e r  y i e l d s  o f  m i l kfat ( kg/ cow/ d a y ) t h a n  L B I  c ows 

( se e  t ab l e  4 . 3 ) and g a i n ed l e s s  LW a n d  cond i t i o n  d u r i n g  m i d- l ac ta t i o n  

( weeks 1 0-27 ) i n  a g r e em e n t  wi th p r e v i o us tr i a l s  c ar r i e d  out a t  M a s s e y  

Un i v er s i t y  ( G r a i ng e r  e t  a l , 1 98 5 a  and b ;  N g armsa k ,  1 98 4 ) and Ruaku r a  

A g r i c u l t u r a l  Re s e a r c h  Cen t r e  ( Br ya n t  a n d  Tr i gg , 1 98 1 ; B r y an t , 1 98 1 ) .  

Dur i ng m i d  l a c t a t i o n , g a i n s  i n  LW a n d  CS wer e 1 3  k g  and 0 . 3 C S ,  

r e spec t i v el y ,  f o r  the H B I  cows a n d  3 3  k g  and 0 . 5  C S ,  r e s pec t i v el y , f o r  

the LBI c ows . 

Ther e  wer e  n o  d i f fe r en c e s  be twee n  HBI and LBI c ows i n  LCFA% i n  the 

m i l kf a t  d ur i n g  weeks 8 o r  1 1  of l ac t a t i o n . Thi s  s uggest s t h a t the r e  

was n o  e ffec t  o f  c ow B I  o n  the mob i l i zation o f  bod yfat t o  support 

m i l kfat prod uc t i o n  i n  e ar l y  l ac t a t i o n  whi c h  i s  in  keepi n g  with the l ac k  

o f  d i ffe r e n c e  b e twee n  HB I a n d  L B I  c ows i n  CS c h a n g e  o v er we e k s  5-8 and 

8 - 1 0  o f  l ac t a ti o n .  

The d i f fe r en c e  i n  m i l kfat y i e l d  b etween HB I and LBI c ows d id not 
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i ncr eas e w i t h  t i me f or an y o f  t he per i ods of an a l ys i s ( P  > 0 .  05 ) . Thi s 

w as i n  a gr e eme nt wi t h  N gamsak ( 1 9 8 4 )  an d Gr ai n ger et al ( 1 9 8 5a ) . 

B r yant an d T ri gg ( 1 9 8 1 ) r e port e d  t h e  r el a t i ve d i f f er en c e i n  m i l kf a t  

y i el d  be t w e e n  H B I an d LB I cows t o  i ncr eas e a s  l act at i on pr ogr es s ed 

al t ho u gh t h e  l e vel of si gni f i can ce of t hi s i nt er a ct i o n  w as n o t  s t ated . 

T abl e 4 . 3 The M il kf at Y i el ds ( k g / cow/ da y )  o f  H i gh ( H ) Ver s us L o..� ( L) 

B r eed i ng I nde x ( B I )  C ows ( l eas t s quar e m eans an d t he i r  s t an dar d errors  

a ver a ge d  a cr os s  t he r est r i ct e d  an d a d  l i bi t um fee ding le vels ) .  

Wee k of La ct a t i o n HB I  LB I 

X X SEx 
P r e - Ex pe r i m e nt al 

4 1 .  03 0 .  83 0. 05 

Experim e nt al 

5 1 .  06 o .  84 0. 05 

6 o .  94 0.  7 8  0. 05 

7 o .  81 0. 72 0. 05 

8 0 . 75 0 . 6 5  o .  04 

Pos t-Exper i m en t al 

9 0 .  75 0 . 65 0 .  04 

1 0 o .  81 0 . 6 6  0 . 0 5  

1 3 0 .  81 0. 6 8  0 . 05 

1 6 0 . 80 0 . 6 5  0 . 05 

1 9 0 .  78 0 .  65 o .  04 

3 8  0 . 52 0. 4 5  0 . 03 

4 .  3 .  2 M il k  Prot e i n  Y i el d  

H i gh  B I  cows pr o d uce d m ore m i l k  pr ot e i n (kg/ oow/ da y )  t han LB I cows 

e x ce pt for wee ks 1 4 - 1 6 and 1 7 - 1 9 o f  l a ct a t i on ( al t hough t h er e w as a 

pos i ti ve e f f e ct of cow B I for w eeks 1 4 - 1 6 a t  P < 0 . 1 0) . Grai  nger et al 

( 1 985 a )  r e po r t ed t ha t  t he pr ot e i n y i el d ( g / un i t  L W0 o 7 5/ da y )  o f  HB I cows 

w as co nsi s t e n tl y  hi gher than t h at a t  l ow B I  cows . N garmsa k ' s ( 1 9 8 4 ) 

r es ul ts al s o  s ugges t ed a n  i ncr eas e i n  m i l k  prot ei n yi el d  due t o  cow B I  

al t ho u gh t h e  l e vel of si gn i f i can ce w as n o t  s t at e d . 
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4 . 3 .  3 M i l k  Y i el d  an d C an posi t i on 

H i gh  8 1  rows pr od uce d mor e  m i l k  ( k g / row/ da y )  t han L8 1 cows ( P  < 

0 . 0 5 )  f o r  t he pr e- e x pe r i me nt al pe r i o d o nl y . T h er e aft er , d i f f er en ces 

betw een HB 1 and L8 1 cows wer e not s i gn i f i cant ( a l tho ugh t he r e  w as a 

posi ti ve e f f e  et of cow 8 1  at P < 0 .  1 0 for e x pe r i me nt al w e e ks 5 -8 an d 

po s t - e xper i m en t al w e e ks 9 - 1 0 o f  l act at i on ) .  Ther e w er e  n o  d i f f er en ces 

( P  > 0 . 0 5  and P > 0 . 1 0 ) i n m i l kf at % an d m il k  pr ot e i n % d ue to cow 8 I  

f or an y o f  t he per i ods of an a l ys i s .  How ever , as d i scuss e d  a bo ve , t her e 

w er e  si gn i f i cant d i f f er en ces d ue t o  cow 8 1  for m i l kf at an d m i l k  pr ot ei n 

yi el d  ( d er i ve d  f rom the m i l k y i el d  an d com pos i ti on dat a ) . 

Gr a i n ger et al ( 1 9 8 5a ) fo un d  t h at t h e  m i l k  yi el d ( g/ uni t 

LW0 o 7 5/ da y ) , an d i n  s om e  cas es t he m i l kf at % o f  HB 1 rows , w er e  h i gher 

t han t h at of L8I cows but t hat t her e w er e  no d i f f er en c e s  i n  m il k  

pr ot ei n % .  N ga.rmsak ( 1 984 ) f oun d t hat HB I cows ha d a h i gher m i l k y i el d  

( k erl cow/ day ) , m i l kf a t  % an d m i l k  pr ot e i n  % t han L8 I cows . H owe ver , 

Ngarm s a k  ga ve no i nd i cat i on o f  t he s t at i sti ca l  si gn i f i ca n ce o f  hi s 

f in d i n gs .  B r yant an d T ri gg ( 1 9 8 1 ) i n  a gr e ement wi t h  t he pr es e nt 

e xp er i m en t  f oun d no d i f f er en ces ( P  > 0 .  05 ) i n  m i l kf at % o r  m i l k  prot e i n 

% d ue t o  cow 8 1 ; m i l k yi el d d at a  w er e  not r e ported . Da vi s  et al 

( 1 9 8 5 )  fo un d  the m i l k  yi el d of h i gh B I  cows t o  e xce e d  t h at of l ow 8 1  

cows f or bo t h J er s eys ( t hr o ugho ut l act at i on )  an d F ri es i an s  ( e ar l y  an d 

l at e  l a ct a t i on ) . 

O ther r es ear che r s  have adj us t ed t he i r  m i l k p r o d uct i on dat a f or 

d i f f er en c e s  i n  cow s i ze betw e en cow B I  grou ps .  Br yant ( 1 9 8 1 ) a dj us te d 

m i l kf at dat a f or d i f f E!"' en ce s  i n  L W  an d ,  s i nce t he H B I cows wer e he a vi er 

t ha n  t he l ow BI cows , o bt ai ne d  a r e d u c t i o n  i n  m i l kf at yi el d d i f f er en c es 

due t o  co w  B I . The s t at i st i ca l  si gn i f i ca n ce o f  thi s e f f ect , how ever , 

w as not i n di c ated . Gr ai n ger et al ( 1 9 8 5a an d b )  e x pr es se d  perf o rm an ce 

var i abl es pe r  un i t  of met abol i c  L W  ( LW0 ' 7 5 ) b e f or e  car r y i ng o ut an y 

s t a ti s ti cal an al ys es be ea us e of a hi gher me an LW o f  LBI vers us HB I  

cows . 

I n  t he pr es ent e xper i m ent HB I cows w er e  l i ght er t han LB I cows ( s ee 

a p pen d i x  5 ) . Ther efor e t he ef fe ct o f  LW on m i l k  y i el d  wi t hi n  each 8 I  

gr o up w as e xam i ne d  by un i var i at e  an a l ys es of var i an ce t o  s ee i f  

d i f f er en c e s  i n  m i l k  yi eld d ue t o  B I  w o ul d  be i n cr e as e d  b y  r emo vi n g  

d i f f er en ce s  i n  m i l k y i el d  due t o  L W .  M i l k  y i el d  an d L W  dat a  w er e  f i rs t 

con vert e d t o  l o gari t hmi c val ues i n  or d er t o  i de nt i f y  t he pow er o f  LW 

t ha t  m i l k y i el d  w as pr o port i on a l  to . The r e  w as foun d  t o  be no e f f ect 

o f  LW on m il k  yi eld prior to t he e x pe r iment for ei t i1 e r  BI group ( P  > 

0. 05 ) . F ur t herm or e , t he e f f ect of L W  an d t he i nt er a ct i ve e f f ect s of L W  

wi t h  cow 8 1  ( LW X 8 I )  o n  m il k  yi el d  w er e  e xam i ne d  a cr os s  both grou ps . 
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A gai n t her e w as no effe ct o f  LW o r  LW X B I  o n  m i l k  yi el d pri or  t o  t he 

exper i m ent  ( P  > 0 .  05 ) . T he de t a i l s of the s e an al ys es ar e pr es ent ed i n  

a ppen di x  6 ( i t  s ho ul d  be n ote d t h at t h e i nt era c t i ve ef f e c ts of cow a ge 

w i th L W  on m i l k  y i el d  w as a l s o  e xam i ne d ) .  S i nce anal ys i s  of the 

pr el i m i n ar y  d at a  re ve al e d  no co nfo un d i n g  effe cts o f  LW , n o  f urt h er 

an a l ys i s wer e carr i ed o ut .  

I t  woul d a ppe ar t ha t  t he i ncr eas ed m i l kf at an d m i l k  pr'ot ei n yi el ds 

o f  HB I  cows ar e not ne c es s a r i l y as s o c i ate d wi t h  i n cr e as es i n  m i l kf at % 

an d m i l k  prot e i n % ,  r es pe ct i ve l y .  Ther efor e , d i f f er en ces i n  f at an d 

pr ot ei n yi el ds betw e e n  HR I an d LB I cows ar e pro ba bl y m ai nl y d ue to 

i ncr eas ed m i l k  y i el ds i n  t he f or m er al tho ugh e vi de n ce f or t hi s  i s  

ques t i ona bl e  i n  t he pr es e nt e x pe r i m e nt . 

11 . 3 . 11 Leve l  of V ol unt ar· y I nt a ke 

N o  e f f ect of cow 8 1  on DO M i nt a ke w as f oun d e i t her dur i ng t he 

e x pe r i m e nt ( us i n g  t h e H CT an d COT ) or the  f ol l o wi n g  tw o wee ks ( u si n g  

t he COT ) . Th i s  i s  not s ur pr i si ng cons i der i ng t he l ack o f  pr e c i si on 

as so ci at e d  wi th c urr e n t  m et ho ds f o r  meas ur i n g  i nt a ke of gr a zi n g  a n i m a l s  

( s e e 4 . v 1 . 1 ) . O the r gr a zi ng t r i al s  ha ve f oun d no di f f er en ce i n  i nt a ke 

d ue to cow B I  (Gr ai n ger et al 1 9 8 5 a ; N garm sak , 1 9 8 4 ) . 

The l ack  o f  d i ff er en ce i n  S CFA% i n  t he m i l kf at be t w e en cows of h i gh 

o r  LBI f urther  su gges ts t hat t her e  w er e  no d i ff er en c es i n  en er g y  i nt a ke 

per an i m al ( s ee 11 . 1 .  2 ) . S an e  s t al l f eed i ng t r ai l s  ( i n  w h i ch i nt a ke w as 

m e as ur e d  d i r e ctly ) fo un d  no d i f f er en c es i n  ME i nt a ke per animal d ue t o  

B I  but f oun d ME i nt a ke o f  hi gh B I  cows to e xc e e d t hat of LB I cows whe n  

e xp r es s ed pe r  un i t  of L W  ( Br yant , 1 98 1 ) o r  L W0 • 7 5 ( G rai nger , et al , 

1 9 85  a an d b ;  T ri gg and P arr , 1 9 8 1 ) .  I t  i s  l i k el y t h at d i f f er en c e s  i n  

LW betw ee' H B I an d LB I cows i n  t he pr es ent e xper i m ent co nf oun de d  an y 

d i f f er en c es i n  i nt a ke d ue to  B I .  T he HB I  cows w ei ghe d l es s  than t he 

LB I cows at t he be gi ni ng ( P  < 0. 05 ) , end ( P  < 0 .  01 ) an d two w e e ks 

f ol l owing  ( P  < 0 . 0 1 ) t he e x pe r i me nt ( s ee a ppen di x 5) . Whe n  DOM i nt a ke 

w as e xpr ess ed per kg L W0 ' 7 5 ,  t he i nt a ke o f  H B I cows e xc e e de d  t ha t  of 

L B I  cows ( s ee t abl e 11 . 4 )  but i t  m us t  be not e d  t ha t  s uc h  d i f f er en ce s  

w er e  n ot ne cess ar i l y  s t a t i s ti c al l y  si gni f i cant . T her e w er e  no 

d i f f er en ces i n  CS b e t w een cows of H B I an d LR I ( P  > 0 . 05 ,  s ee a p pe n d i x 

5 )  an d hen ce cow f at n es s  s ho ul d not ha ve been a co nfo un d i n g  fa ct or . 
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( B I )  C cws ( l eas t s quar e m eans aver a ge d  a cross f eed i n g l eve l s )  Ex pr es s ed 
* 

( g / kg 0 "  7 5 ) d ur i ng w e eks 5 -8 Per U ni t of M et abo l i c  L i vew e i ght an d 

9 - 1  0 o f  La ct a t i on . 

W ee ks of C ow B I  LWO . 
7 5 H CT an CDT 

L a  et a t i on ( kg )  ( 1 ) ( 2 )  

5 -8 H i gh  95 1 3 4  1 1  7 85 

L ow 1 0 4 1 2 3 1 0 8 7 6  

9 - 1 0 H i gh  94 1 02 1 1  3 

L ow 1 0 6 92 1 01 

* 
LW0 • 7 5  was t a ken as t he a ver age o f  the m eas ur em en t s  t a ke n  at t he 

be gi nni n g  an d e n d  of each period . 

4 .  4 THE INTE RA CT IV E  EFFE CTS OF CO W B REE DI N G  I N DE X  A N D  UN DE RFEE DI N G  I N  

E A RL Y  LA CT A T I ON 

4 .  4 . 1 I mm ed i at e  E ff ects on M il k  Pro d uct i on 

Dur i ng t he e xper i m ent  H B I an d  LB I rows wer e aff ect ed t o  t he s am e  

e xt e nt b y  un derfee d i n g  wi t h  r es pe ct t o  yi el ds of m i l k , m i l kf at an d m il k  

pr ot ei n ( k g / row / da y ) . The r ed uct i on i n  DOM i nt ake d ue t o  r es t r i ct ed 

DOM al l ow an ce w as t he s am e  f or ea ch BI group . F ur t h e rmor e , t her e w er e  

no d i f f e> en ces be t ween H B I an d LB I cows i n  t he e ff ects of un de r f eed i ng 

on c han ges i n  LW an d CS . C ow B I  h a d  no effe ct o n  t h e  si ze of r e d u cti on 

i n  S CFA% or  i ncr eas e i n  L CF A %  i n  t he m i l kf at due t o  un derf eedi ng . I n  

ke e pi n g  wi t h  t he f or e goi n g  t her e  w er e  no dif f er en ces i n  t he c al c ul at e d  

m ar gi na l  ef f i ci en c y ( k g  m i l k f at pr o d uced pe r  kg i ncr eas e i n  DO M i nt ake ) 

between cows o f  HB I o r  LB I .  T hi s  a gr e es wi t h  s t al l  fee d i ng ( Br yant , 

1 98 1 ; Grai nger , 1 98 5 a  a n d  b )  an d gr a z i ng ( Ngarm s a k , 1 984 ) t r i al s .  

4 . 4 . 2  R es i d ua l  E f fe cts o n  M il k  P ro d u c t i on 

1 )  Re co ver y fr om U n d e rfe e di ng 

The r es i dua l  eff ect of un der f eedi ng o n  m i l k an d m i l k  prot ei n  yi el ds 

( k g/ cow/ da y ) of LBI cows w as no d i f f er e nt t o  t hat o f  HBI cows . 

Ho.� e ver , t he m i l kf at yi el d  ( kg/ cow/ da y )  of LB I cows took l onger t o  

re co ver fr an pr e vi o us un d e rfee d i n g  t ha '1 t h at o f  HB I  cows . T hi s  ef f e ct 

i s  smwn i n  t abl e 4 . 5 .  By w e e ks 1 4 - 1 6 o f  l act at i on i t  ca n  be s e en t ha t  

t her e w er e  n o  l o n ger an y eff e cts of pr e vi o us un d e rfe e di n g  o n  t h e  



m i l k f a t  y i e ld o f  HB I c ows ( P  > 0 . 0 5 )  wh e r e a s  t he m i l kfat yi e l d s  o f  

pr e v io us l y  und e r fed LBI c ows wer e s t i l l  d epr e s se d  ( P  < 0 . 0 5 ) . 

9 2  

I n  tota l , prev ious l y  r e s t r i c ted HBI and LBI c ows prod uced 5 . 2  a n d  

1 1 . 7 k g  l e s s  m i l kf a t  o v er weeks 9- 1 3  a n d  9 - 1 6 o f  lacta t i o n  

r e spec t i v e l y ,  compared to the i r  ad l i b i t um f e d  counte r pa r t s  ( se e  

appe n d i x  7 ) .  The c a l c u l a ted resi d u a l  e f fects were 0 . 8 and 2 . 0  t i mes 

t h e  imm ed i a te e f fe c t  of und er feed i n g  on m i l k f a t  prod u c t i o n  f o r  HB I and 

L B I  c o ws , r e spec t i v e l y  ( see a ppend i x  7 ) .  In keeping wi th t h i s ,  

p r e v i o us l y  r e s t r i c te d  LBI c ows g a i n e d  more cond ition than t h e i r  ad 

l i b i tu m  fed counte r par t s  o v er the two wee ks i mmed i a t e l y  fo l l ow i n g  t h e  

e x pe r i men t whe r e a s  t he r e  was n o  appa r e n t  e ffe c t  o f  previous 

un d e r feed i n g  on the CS c h a n g e  of HBI c ows . 

I t  i s  po s s i b l e  that an i n t e r ac t i o n  b e tween cow BI and und e r feed i n g  

i n  e a r l y  l ac t a t i o n  a s  found b y  t h e  p r e s e n t  e x per imen t might e x pl a i n  i n  

pa r t  t h e  c o n fl ict between r e searc her s i n  the r e ported v a l u e s  o f  

r e s i d ua l  e ffec t s  o n  m i l kfat a n d  m i l k  product i o n  ( see 1 . 1 . 3 ) .  

F u r the rmor e , s uc h  an i n t e r ac t ion agr e e s  w i th t he sugg estion m a d e  b y  

Br yan t ( 1 9 8 4 ) that HBI c ows show a g r e a te r  ab i l i ty to recover from 

Tab l e  4 . 5  The M i l kf a t  Y i e l d s ( kg/cow/ d a y ) o f  Hi gh ( H )  V e r s u s  Low ( L )  

Br eed i n g  Index  ( BI )  Cows Fol l ow i n g  U n d er fee d i n g  in Ear l y  Lac t a ti o n  

( l e a s t  square mean s a n d  the i r  st a nd a r d  e r r o r s ) .  

W e e k  o f  

L a c t a t i o n  

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

R 

0 . 5 6 

0 . 7 8 

0 . 76 

0 . 83 

0 . 83 

0 . 83 

0 . 8 1 

0 . 8 1 

HBI 

AL 

0 . 94 

0 .  85 

0 . 8 9 

o .  95 

0 . 80 

0 . 77 

0 . 80 

o .  80 

R 

0 . 4 6  

0 . 54 

0 . 5 8 

0 . 63 

0 . 60 

0 . 6 6 

0 . 5 8 

0 . 54 

N o t e : R = prev ious l y  r e st r i c ted 

LBI 

AL 

0 .  83 

0 . 77 

0 . 80 

0 . 8 1  

0 . 77 

0 .  8 1  

o .  72 

0 . 76 

S . E . x  

0 . 06 

0 . 07 

0 . 0 6 

0 . 06 

0 . 06 

0 . 05 

0 . 05 

0 . 06 

A L  = p r e v i o u s l y  fed ad l i b i tum 

pe r i o d s  of under feed i n g  than LBI cows . 

I n  contr ast with t he present e x p e r i m en t ,  Ng armsak ( 1 984 ) found n o  

i n t e r ac t i on between c o w  BI and t he r e s i d ua} e f fects o f  u n d er feed i n g  i n  
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ear l y  l ac t a t i o n . Mo r e  r e c e n t l y  a t  Ma s se y  U n i v er s i t y a trial wa s 

c ar r i e d  o u t  o v er the 1 9 8 4 / 1 9 8 5  d a i r y  s e a s o n  i n  wh i c h  2 0  HBI/LBI c ows 

wer e und e r fed in w e e ks 4-7 of l ac t a t i o n  ( C . W .  Holmes , unpubl i shed ) .  

Und er fed c ows l os t  2 2  k g  LW a n d  0 . 2  C S  c omp a r ed to g e nerous l y  fed c o ws 

wh i c h  g a i n ed 4 k g  LW and 0 . 2 CS ( av e r aged a c r o s s  cow B I  groups ) 

r e s u l t i n g  i n  d i f fe r en c e s  o f  26 kg LW and 0 . 4 CS b y  t he end o f  t he 

e x pe r i men t . When t h e  r aw d a ta a r e  e x amin ed i t  a ppe a r s  that the 

r e s i d ua l  e ffec t of u n d er feed i n g  i n  e a r l y  l ac t a t i o n  on mi lkfa t 

prod u c t i o n  wa s s l i g h t l y  g r e ater fo r HBI v e r s u s  LBI c ows . Howe v e r  i t  

must be s t r e s se d  t h a t  t he se d ata wer e  not s t a t i st i c a l l y  anal ys e d . 

Furthermo r e , fewer c ows wer e  used and und er feed i n g  wa s l ess s e v e r e  a s  

e v i d e n c ed b y  the s m a l l e r  e ffects o n  LW and C S  than i n  the p r e s e n t  

e x pe r imen t . 

2 )  Compe n s a t o r y  R e sp0n se from P r e v i o us l y  U nd er fed Cows 

P r e v io u s l y  r e st r i c te d  HB I and LBI c ows c o n s umed s i m i l ar amoun t s  o f  

DOM r e l a t i ve to t he i r  p r e v i o u s l y  ad l i b i t um fed c o u n t e r parts fo l l ow i n g  

under feed i n g . Fur t h e rmore d ur i n g t h e  thi r d  w e e k  s ub s e quent t o  t h e  

e x pe r i men t t he r e  w a s  no inte r ac t i o n  b etween cow B I  and pr evious f e e d ing 

level on SCFA% i n  the m i l kfa t sugg e s t i ng no i n ter ac t i v e  effe c t  o n  the 

l ev e l  o f  e n e r g y  i n t ak e . Ther e fo r e  it appe a r s  t ha t  the more r a p i d  

recov e r y o f  HB I v e r s u s  LB I p r e v i o us l y  r e s t r i c ted c ows i n  m i l k f a t  y i e l d  

was n o t  d ue t o  a g r e at e r  c ompen sato r y  response i n  vol untary i n t a k e . 

4 . 4 . 3  E f f ec t s  o n  M i l k  Compo s i t i o n  

Dur i n g  t h e  e x pe r i men t H B I  c ows wer e  no m o r e  a ffec te d  b y  u n d e r fe e d ing 

than LBI c ows in m i l k f a t  % b ut t he r e was a g r eater r e d uction i n  m i l k  

prote i n  % .  Und e r fe e d i n g  red uced prote in % o f  HBI c ows b y  1 3 % ,  7 % , 1 5 % 

and 1 3 % and o f  LBI c ows b y  o n l y  1 % ,  4 % ,  -3 % and 7 %  for weeks o n e  t o  

four o f  t he e x pe r i m en t , r e s p e c t i vel y .  I t  i s  po s s i b l e  that c ow B I  

v ar i e d  between the e x pe r imen t s  d i s c ussed i n  1 )  i n  4 . 2 . 3  thus pa r t l y  

e x pl a i n i n g  why some wor ke r s  found a r ed u c t i o n  i n  p r o t e i n  % d ue t o  

und e r fee d i n g  wher e a s  o th e r s  fo und no effe c t . 

Ng armsak ( 1 9 8 4 ) found no i n t e r ac t i v e e ffec t s  o f  c ow BI and 

und er feed i n g  d u r i n g  t he e x pe r imen t a l  per i o d  o n  m i l kfa t % (P > 0 . 05 )  

whi c h  a g r e e s  wi t h  t h e  p r e se n t  e x pe r iment . In c on t r a s t  Ngarmsa k ( 1 9 8 4 ) 

found no i n t e r ac t i v e  e ffect o f  cow BI and u n d e r fe e d i n g  during  t h e  

e x per i men t a l  per i o d  o n  m i l k  prote i n  % ( P  > 0 . 0 5 ) . 

Fol l ow i n g  the e x pe r i men t the r e  wer e  no d i f fer e n t i a l  effects o f  

p r e v io us und e r fe e d i n g  o n  m i l kf a t  % or m i l k  p r o te i n  % due to c ow B I  ( P  > 

0 . 05 )  as i s  a l so appa r e n t  from Ngarmsak ' s  ( 1 9 84 ) r e s u l ts . 
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C HA PTE R F I VE 

CONCLUSION 

A s  in other stud i e s  the e ff e c t  of und er feed ing i n  e ar l y  l ac t a t i on 

was t o  i mm ed iatel y r ed uce m i l k  p r o d uc t i o n  o f  HBI and L B I  c ows . I n  HBI  

cows t h e  r es i d ua l  effect o n  m i l k  p r o d uc t i o n  wa s smal l and t r a n s i e n t  i n  

agreemen t wi th most o ther r e c e n t  e x pe r iments wh i c h  u s e d  h i g h  prod u c i n g  

cows r e l a t i ve t o  New Z e al and s t a n d ar d s .  I t  wo uld appe a r  t h a t  t he r ap i d  

r ec o v e r y  i n  m i l k  p r o d u c t i o n  w a s  n o t  d ue t o  a n y  r api d compe n s a t o r y  

i n c r e a se i n  vol u n t a r y i n t a ke fo l l owing t h e  r et u r n  t o  m o r e  gen e r o us 

feed i n g  l e v el s .  

Acc o r d i n g  to the N . Z . D . B . A n n u a l  Farm Production R e p o r t  1 9 8 3 / 8 4  

a v er a g e  cow BI i s  c ur r en t l y  1 2 1  for cows s i r ed by p r o v en b u l l s u s e d  i n  

t h e  a r t i fi c i al b r e ed i n g  ser v i c e  a n d  1 1 3  for a l l  other c ows . T h e  former 

is c l o s e  to the HB I a v e r a g e  o f  1 27 used i n  t he present e x pe r i m en t .  I n  

p r ac t i c a l  t e r m s  t h i s  m e a n s  t ha t  l ower h e r b a g e  al lowa n c e s  c an b e  o ff e r ed 

pe r c o w  i n  ear l y  l ac t a t i o n . Thus a hi gher e ffic iency o f  p a s t u r e  

ut i l i z a t i o n  i s  a c h i e v e d  i n  a d d i t i on t o  h i ghe r  subse qu e n t  l ev e l s o f  

pa st u r e  g rowth r ate and qua l i ty w i thout u n d u e l y  j eo pa r d i zi n g  p r o d u c t i o n  

p e r  c o w  o v er t he who l e  l a c ta t i on . 

Low B I  cows i n  t he p r e se n t  e x pe r imen t showed a r e s i d u a l  e f fe c t  o f  

2 . 0  t i mes the imm ed i a te e ff e c t  o n  m i l k f a t  producti o n . Th i s  w a s  q u i t e  

sub s t a n t i a l  and l i k e l y  to b e  s i g n i fi c a n t  o v er t h e  who l e  l ac t a t i on . The 

cow BI o f  1 1 3  for c ows not s i r ed b y  p r o v en b u l l s  i s  c l o s e r  t o  the L B I  

a v er a g e  o f  1 03 u s e d  i n  t he p r e s e n t  e x p e r imen t . The impl i c a t i o n  i s  t h a t  

l e s s  f l e x i b i l i ty i s  a ffo r d e d  i n  terms o f  feed man a g emen t .  Howe v e r  cow 

B I  m a y  o n l y  be impo r ta n t  when u n d e r feed i n g  i s  severe s i n c e  t he l e s s  

se v e r e  u n d erfe e d i n g  i n  Ngarmsa k ' s  ( 1 984 ) t r i a l  showed o n l y  a v e r y  s mal l 

r e s i d ua l  e ffec t  o n  m i l kf a t  y i e l d  wi th n o  d i f fe r en t i a l  e ffec t  o f  c ow B I . 

Ther e  was poo r a g reemen t b et ween tec h n i q u e s  used to e s t i ma t e  DOM 

i n t a ke and the v a r i a ti o n  a r o u n d  each e st imate was h i gh . C l e a r l y  

i mp r o v emen ts a r e  r e qu i r e d  i n  t h e  techn i qu e s  c ur r en t l y  employed t o  

m ea s u r e  i n take o f  t h e  g r a z i n g  r um i n an t . Thi s would a l l ow m o r e  

e f fe c t i v e  compa r i so n  between e x pe r imen t s  wi th r espect t o  s e v er i t y  o f  

und e r fe e d i n g  i mposed and i n  c a l c u l ated m i l k  r e spon s e s  t o  c h a n g i n g  

l e v e l s  o f  energy i n take . F u r thermore , t he r e  would be g re a t e r  

l i k e l i hood of fi n d i n g  smal l b u t  r e a l  d i f fe r en c e s  i n  i n t a k e  e . g .  b e t ween 

an i mal s d ue to BI o r  wi t h i n a n imal s d ue to pr ev ious u n d e r fee d i n g . 
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AP P E N DI C ES 

APP E N DI X 1 T he M e t ho d  o f  C al c ul a t i n g  O n e  D a y ' s Ar e a  o f  P as t ur e  

( an e xam pl e at t he ge n e r o us f ee d i ng l eve l f or a pa d do c k  o f  w i dt h 

60  m d u r i ng pe r i od B) . 

E s t i m at e d  her ba ge m as s : 

a ver a ge m et er r ea d i ng ( X ) = 2 7 . 1 

h er ba ge m as s  1 5 8 X - 800 ( r e gr es s i o n e q u a t i on )  

3 4 82 k g DM/ ha 

H er ba g� al l ow an c e t o  b e  of f er e d :  

p er cow 

• • .  p e r  da y 

4 5  k gDM ( at t he gen ero u s  f e e d i n g  l e v e l ) 

4 5  x 8 ( s i nce t he r e w er e  8 cows pe r  br ea k )  

3 6 0  k gDM per day 

Ar e a  of p as t ur e  r e q u i r e d :  

her ba ge a l l a.• an ce t o  be o f f er e d ( k g  D t l ) 
he r ba ge m ass -n<g· OM/ ha) 

�6 0  k gDM 
3 82 k giJ"rfifu 0 . 1 03 4  ha or 1 03 4  m 2  p e r  da y 

1 0 5  



AP P ENDI X 2 D i f f er en ces B e t w een T reatm ent Gro ups ( D a ys i n  L act at i on ,  

M i l k P ro d uc t i on ,  C ow  L W  an d C S )  at  t he Be g i nn i ng o f  t he E x per i m en t  

( 1 2 /9 / 8 3 ) . 

( 1 )  D ays i n  L act at i on on 1 2 /9 /8 3  

Tr eatm ent C ow B I  F ee d i ng D ays i n  L act at i on 

Group L eve l X 0n- 1 
LBI R es t ri cted 2 4 . 1 9 . 5 

2 LB I A d  l i  bi t urn 3 1 . 6  1 0 . 7  

3 HB I R es t ri cted 2 1 . 6  1 1 . 3  

4 HB I A d  l i bi t um 2 7 . 0 1 0 .  9 

T r e a tm e n t  t1 4 L .  0 .  S . 

G r o u ps 

vs  2 1 .  4 8  NS 

V3 3 0 . 4 8  NS 

vs  4 0 . 57 NS 

2 V� 3 1 .  82 NS 

2 vs  4 0 .  85 NS 

3 vs 4 0 . 97 NS 

L .  0 .  S. L eve l of S i gn i f i can ce NS N ot S i gn i f i can t  ( P > 0 .  05 ) 

( 2 ) M i l k  P rod u c t i o n  R e gr esse d o n  D a ys i n  L a ct at i o n  on 1 2 /9 / 8 3  

M i l k  P ro d u c t i o n  C ow S I  b F 1 ,  1 4  L .  0 .  S .  

C har a ct e r i s  t i c  

M il k  Y i el d  LB I +0 . 0 03 67  0 .  23  NS 

HB I + 0 . 0 4 3 4 5  0 .  54 NS 

M il kf at Y i el d  LB I -0 . 0053 4  1 .  08 NS 

HB I + 0 .  000 63 0 . 06  NS 

P rot e i n Y i el d  LB I -0 . 002 3 7  0 .  32 NS 

HBI - 0 . 0 0 3 1 3 3 . 7 7 NS 

M il kf at % LB I -o . 04 4 4 5  0 . 07 NS 

HB I -o .  02 4 3 8  4 .  31 NS 

P rot e i n % LB I -0 . 02 4 76 1 6 .  65 * *  

HB I +0 . 7 52 63 9 . 3 0 * *  

L . O . S .  Leve l  of S i gn i f i ca n ce NS Not S i gn if i ea n t ( P > 0 .  05 ) 

* *  = p < 0 .  0 1  

1 06 
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( 3 )  C ow LW an d CS on 1 2 /9 / 83 

Treatm ent C ow B I  F ee d i ng LW ( k g ) CS 

Gro u p  L eve l  X 0n- 1 X 0n- 1 
LB I R es t r i ct ed  500 63 5 . 0  0 .  6 

2 LB I A d  l i bi t um 453  50  4 .  3 0. 4 

3 HB I R es t r i  et e d  42 7 5 7  4 .  4 0 . 6 

4 HB I  A d  l i  bi t urn 42 0 4 9  4 . 3 0 . 7 

Tre atment LW CS 

Gro ups t, 4 L .  0 .  S .  t , 4 L .  0 .  S . 

vs 2 1 .  65 NS  2 . 75 * *  

vs 3 2 .  43  * 2 . 0 0 NS 

VS 4 2 .  84 * *  2 .  1 5 * 

2 v s  3 0 .  97 NS 0 . 3 9 NS 

2 vs 4 1 .  3 3  NS  0 . 0 0  NS 

3 v s  4 0 . 2 6 NS o .  3 1  NS 

L .  0.  S .  = L e vel of si gni f  i c an c e  N S  N o t  S i gn i f i c a nt ( P > 0 . 0 5 )  
* = p < 0 . 05  * *  = p < 0 . 02 



A PPENDI X 3 The l i v ewe i g hts a n d  cond i t i o n  s c o r e s  o f  h i gh ( H )  v e r s u s  

l o w  ( L )  breed ing i n d e x  ( BI )  cows g r a zed at r e s t r i c t e d  or ad l i b i tum 

fe ed i n g  l e v e l s d u r i n g  e a r l y  l ac ta t i o n  ( r aw d a ta m e a n s ) .  
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APPEN DI X 4 N i t ro gen Concent r a t i o ns ( NC ) , I n  V i v� ( P re d i ct ed ) O r gani c 

M at t e r D i ges ti b i l i t i es ( O MD ) an d O r gani c M at t er C on centr a t i o ns ( O MC ) of 

the H er ba ge Q uad r at S am pl es B e f or e  G r azi ng ( BG )  an d A ft er G ra z i ng ( A G )  

( r aw d at a  means ) . 

Per i od ( w eeks Paddo c k N C ( %DM ) D MD ( % )  OMC ( %D M )  

o f  l act at i on )  Type X 0n- 1 X 0n- 1 X 0n- 1 

5 -8 B G  A d  l i  bi t urn 3 .  1 0 . 3 7 5 . 3 4 . 4  8 6 . 5 1 . 2 

R es tr i ct ed 3 . 0 0 . 2 77 . 7  3 . 3 86 . 5  1 . 4 

A G  A d  l i bi t urn 2 . 4 0 . 3 5 6 . 4  6 . 1 8 2 . 3 4 . 2 

R es t r i ct ed 2 .  1 0 .  2 3 6 . 9 6 . 8 77 . 5 5 . 2 

9 - 1 0 BG Gener o us 2 . 8 0 . 4 7 5 . 9 0 . 9 8 6 . 3 1 . 8  

A G  Gener o us 2. 1 0 . 4 77 . 3 0 . 0 85 . 6  2 .  1 



AP P EN DI X 5 D if f er en ce s  B e t w een C ow B I  Gro ups i n  L W  an d C S  at 

the Be gi nni ng ( 1 2 /9 /83 ) , End ( 1 0 / 1 0 /83 ) an d T wo W ee ks F ol l ow i ng 

t he E x p e r i m e nt ( 2 4 /1 0 / 8 3 )  . 

HB I LB I HB I vs LB I 
-

X 0n- 1 X 0n- 1 t 30 L .  0 .  S. 

LW ( k g/ cow ) 

1 2 /9 /8 3 42 4 5 1  4 7 7  60 2 .  69 * 

1 0 / 1 0 / 83 4 4 5  5 5  5 0 0  5 1  2 .  92 * *  

2 4 /1 0 /83  4 4 9  5 1  50 7 5 7  3 .  03 * *  

CS ( per cow ) 

1 2 /9 /8 3  4 .  3 0 . 6 4 .  7 0 .  6 1 .  89 NS 

1 0 /1 0 / 83 4 . 3  0 . 5 4 . 6 0 . 5 1 .  70 NS 

2 4 /1 0 /83  4 .  4 0 . 5 4 . 6  0 . 5 1 .  1 3  NS 

L . O . S .  = Le vel o f  S i gn i f i c an ce NS = N ot S i gn if i cant ( P > 0 . 0 5 )  

* = p < 0 . 05 * *  = p < 0.  01  

1 1  0 



AP P EN DI X  6 T he E f f e ct o f  C ow LW o n  M i l k  Y i el d  ( k g/ cow/ day ) f o r  Wee k  

F o ur of L a  et a t i on .  

S tat i s t i ca l  M ode l s  

( 1 ) W i t h i n E ach B I  Gro u p  ( n = 1 6 )  

Anal ys i s o f  var i an ce was ba s ed o n  t he f oll O....J i ng model : -

1 1 1  

wher e  yi j  i s  log ( m i l k  yi el d ) f or a cow of i t h a ge an d j t h l og ( LW )  

u i s  t he ge ner al mean 

ai i s  t he ef fe ct of cow a ge 

wj i s  t he e ff ect of l og ( LW )  of the cow 

( a . w ) i j  i s  t he i nt er act i ve e f f ect of cow age an d l og ( LW )  o f  

t he c ow 

ei j k  i s  the r an dom res i dua l un i que t o  yi j  whi ch i s  as s LUTied t o  

be norm al l y d i s t ri bu t e d w i t h  m ean 0 an d var i an ce o 2 

( 2) A cr oss both B I  Grou ps ( n = 3 2 )  

Anal ysi s o f  var i an ce was bas ed on  t he f oll O....J i ng mode l : -

Y i j k U + a i + w j + b k + ( a · w ) i j + ( w · b ) j k + e i j kl 

w her e Yi j k i s  l og ( m i l k  yi eld ) f or a cow of i t h a ge j t h log ( LW )  an d 

k t h  B I .  

u i s  t he ge ner al mean 

ai i s  t he ef fe ct of cow a ge 

wj i s  t he e ff ect of l og ( LW )  o f  the COW 

bk i s  the e ff ect of cow B I  

( a . w ) i j  i s  t he i nt er act i ve e f f ect of cow age an d l og ( LW )  o f  

t he COW 

( w . b ) j k  i s  t he i nt er act i ve e ff ect of l og ( LW )  an d cow B I  

e i j kl i s  t he r an dom res i dua l un i que t o  y ij k w h i ch i s  as s LUTi e d  

t o  b e  norm al l y  d i stri bu t ed w i th m ean 0 a n d  var i an ce o 2 



1 1 2 

R e s u l t s  

LBI  HBI L B I I HBI 

Power of LW to whi c h  m i l k  

y i e l d  was p r o po r t i o n al C L . o . s . ) 0 . 07 ( NS )  0 . 42 ( NS ) 0 . 1 1 ( NS )  

L . O . S .  o f  fo l l owing e ffec t s  : 

age N S  N S  N S  

B I  * 

LW N S  NS N S  

age X LW N S  N S  N S  

B I  X LW N S  

N S  = N o t  S i g n i f i c a n t  * = p < 0 . 05 
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A PP E N DI X  7 The C a l c u l a t i o n  o f  Tot a l  Immed i a t e  and Resi d u a l  E f f e c t s  

of U n d e r feed i n g  i n  E ar l y  Lacta ti on o n  M i l kf a t  Y i e l d . 

Total m i l k f a t  p r o d uc t i o n  ( kg / cow) was c a l cul ated at ad l i b i t um and 

then r e s t r i c t e d  feed i n g  l e v e l s  for the appr opr i a te t i m e  pe r iod s and cow 

BI g roups ( se e  t a b l e  b e l ow ) . The d i ffe r en c e  i n  m i l k fat y i e l d  ( MFY ) 

between the two feed i n g  l e v e l s  was t aken a s  the t o t a l  red u c t i o n  i n  MFY 

d ue to under feed i n g . 

To c a l c u l a t e  t o t a l  MFY i n  keepi n g  w i t h  t he r epeated mea s u r em e n t s  

a n a l ys i s  o f  v ar i a n c e  c a r r i e d  out on t h e  m i l k  prod u c t i o n  d at a  ( se e  

2 . 8 .  1 ) ,  t h e  a r e a  u n d er t h e  g r aph o f  l e a s t  s q u a r e  M F Y  means w a s  

cal c u l a ted i n  e a c h  c a s e . Th i s  i n vol v ed d i v i d i n g  t h e  areas  i n to 

tr ape zi a and us i n g  the fo rmu l a  ( ( a+ b ) /2 ) h .  The s i d e s of e ac h  

t r ape z i u m , a and b ,  wer e the appro pr i a t e  l ea s t  s q u a r e  mean M . F . Ys 

( kg / cow/ d a y )  and the h e i g ht , h ,  was e q u a l  to s e v en d ays ( on e  wee k ) .  

The r e s u l t s  ob ta i n ed a r e  pr esented a s  fo l l ows : 

M i l kfa t Yi e l d  ( MF Y ) ( kg / cow ) 

( 1 )  I mm ed i a t e  

Wee ks o f  Lac t a t i o n  

Feed i n g  Le v e l : A d  L i b i tu m ( AL )  

R e s t r i c te d ( R )  

I mmed i a te R e d uc t i o n  i n  MFY 

d ue to Und e r fe e d i n g  ( AL-R ) 

( 2 ) R e s i d u a l  

H B I  

5 -8 

2 8 . 3  

2 1 . 4  

6 . 9  

We eks o f  Lacta t i o n  9 - 1 3  

P r e v io us Feed i n g  L e v e l : Ad Li b i tum ( AL )  3 1 . 0  

: Re st r i c ted ( R )  2 5 . 8  

R e s i d ua l  R e d uc t i o n  i n  MFY 

d ue to Und e r fe e d i n g ( AL-R ) 5 . 2  

( 3 ) R e s i d u a l / I mmed i a t e  0 . 8  

L B I  H B I /L B I  

5 - 8  5-8 

2 3 . 8  2 6 .  1 

1 7 . 8  1 9 . 5  

6 . 0  6 . 6  

9 - 1 6 9 - 1 3 

4 3 . 9  2 3 .  1 

3 2 . 2  2 9 . 4  

1 1 . 7 6 . 3  

2 . 0  1 . 0 
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