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ABSTRACT 

Three groups of six cows were offered daily herbage allowances 

of 53, 33, and 13.5 kg OM cow-
l 

for a 5 week period in early 

lactation. These allowances resulted in apparent dry matter 

intakes of 15.8, 14.3 and 9.6 kg OM cow-
l 

and residual dry matter 

yields after grazing of 1850, 1550 and 750 kg OM ha.-1 

There were no significant differences in milk, milkfat or 

protein yield betvJeen the cows offered 53 kg or� cow-l and 33 kg D!"' 

cow-1
, but the cows offered the higher allowance had greater live-

weight gains, (P <0.1). The group of cows offered 13.5 kg DH 
cow-l 

produced significantly less milk, milkfat and protein than the 

other groups, and lost liveweight and body condition. There were 
no significant differences in milkfat prod u ction ffinongst the three 
groups during the 29 week period from the end of the experiment 
until the end of the lactation. 

Measurements of the Nitrogen content of the herbage present 

before, and the herbage remaining after grazing showed that as 
herbage allowance increased the N content of the herbage dry matter 

selected by the cows also increased. 

Each group of six cows consisted of three cows with a high 

lifetime production index (LPI) and three cows with a low LPI. 
Sorre data on the responses of cows of different LPI, to variation in 

herbage allowance are presented. 

The results are discussed in relation to the effects of each 

herbage allowance on milk, milkfat and protein yields per cow and 

per unit area. The data shows that the achievement of high levels 

of production per cow as a result of offering high herbage 

allowances may be in conflict with the need to consider production 

per unit area and the agronomic needs of the pastures. Alternativ�y 

restriction of herbage allowance may limit production per cow and 

result in losses of cow liveweight and body condition, with possible 

long-term effects on lactation performance. A discussion of factors 



that may a ffec t  the  carry - o ve r  o r  res i du a l  e ffec ts f rom var i a ti on 

o f  h e rbage a l l owance i n  ea r l y  l ac tat i on i s  i ncl uded . Addi ti ona l l y  

s ome p rob l ems with res pe c t  to the  e s ti ma ti on o f  h erba g e  i n take by 

the ' d i f fe rence ' me thod , a n d  th e measurement of livewe i g h t  o f  

l a c ta t i ng  cows a r e  d i s c us s e d . 

i i i 



ACKNOWLEDGEMENTS 

I am g ra teful  to many peo p l e  who have  contri buted to the 

wor k  a n d  to the i deas d ur i ng the p repara tion of th i s  th es i s .  

To my s u pe rv i so r ,  D r .  A . W . F .  Davey , who was always wi l l i n g 

to discuss i deas  and p rob l ems with me a n d  wa i ted patie n tl y for 
th e fi nal res u l t .  

D r .  C . W. H o l mes contr i bu ted  ma ny though ts a n d  i deas  to the 

expe r i me n t  and to i ts ana l y s i s. 

Ad vice o n  s tat i s t i ca l  analys i s  was rece i ved from Dr.  I . M .  

B roo kes  and P rofe s sor D.S . F l ux .  

To memb e rs of the Da i ry H us bandry Depa r tme n t, �1ass ey 

Universit y, and an others v.,rh o  also contributed to the discu s sion 
a n d  the  runn i ng of the experiment. 

Thanks must go to th e following for th e i r  as s i stance d uri ng 

th e e xp e r i ment : Messrs B. Par l a ne , R. J .  McLe naghan  a nd  Nguyen 

Mi nh Long fo r th e hand l i ng of s tock  and  c o l l e c ti on of da ta . 

Mr. J.A. Raven for the analysis o f  milk and pas ture sampl es . 

M r . A .  Lowe , ( Ma nager , No . 3  Research  a n d  Deve l o pme n t  Un i t ) , 
a n d  h i s  a ssi s ta n t  Mr . G. Fowlds for mi l k i ng and  manag ement of the 

cm.;s during the  197 8- 79  da i ry s e ason . 

i v  

F i na l l y my thanks  to Mrs . V .  McKeay - Chr i s tie for her  ass i s tance 

w i th proo f rea d i ng , and to Mrs. D .  Syers for typ i ng the f i n a l  copy 

o f  th i s  thesi s .  

F i nanc i a l  as s i s ta nce was  rece i ved through  the D . J .  McGowan  

S cho l ars h i p  d ur i ng  1978 . 



TABLE OF CONTENTS 

Abs tract  

Ack nm"'l edgemen ts 

Tab l e  o f  Contents 

L i s t  o f  Tab l es 

List o f  Figures 

L i s t o f  P 1 ate s 

L i s t  o f  Append i ces 

Chapter One 

REVIEW OF LITERATURE 

1.1 The Response of the Dairy Co w 

to its Level of Feeding 

1.1.1 

1.1. 2 

1.1. 3 

1.1.4 

Introduction . .  

The Influence of Pre - Partum Levels 
of Feeding on Mi l k  Production 

The Res ponse of the Dai ry Cow to 
i ts Level of Feeding in Ea r l y  Lactation 

The Effect of Level o f  Feedi ng of  
the Da i ry Cow on ��i l k  Compos i t i on 

1 . 1 .4 . 1  Pre-Partum Level of Feedi ng 
and Mi l k  Compos i ti o n 

1 . 1 . 4.2 Feed i n g  i n  Ear ly  Lactati on  
and Mi l k  Compos i ti o n  

1 . 2  Factors Affec ti ng the Herb age 

I ntake o f  Gra zi ng R umina nts 

1.2.1 An i ma l  Factors Affecti n g  Pas ture I nta k e  

1 . 2 . 2  Pas ture Factors Affecti ng  th e 
Vol untary I n take  o f  Grazin g  Rumi nants 

1.2.2.1 I nt roductio n . . . . . . .  . 

. . 

Page  

i i 

i v  

V 

X 

Xi i i 

xi v 

XV 

1 

1 

2 

7 

1 7  

1 7  

17 

20 

20 

25 
25 

V 



1 .2 . 2 . 2  The E ffec t  o f  Herb age 
Diges t i bil ity on Herbage  I n take  

1 . 2 . 2 . 3  Sward Characteristics th a t  
Influence the Herbage Intake o f  
Grazing Animals . . . .  

1 . 2 . 2 . 4  S ummary a n d  Con c l u sion s  . . . . 

1.3 He rbage Al l owance and its Re l ation s h i p 

with Herbage Intake  and Animal Performance 

1 .  3 . 1 

1 .  3 .  2 

1 .  3 .  3 

1 .  3 . 4 

1 .  3. 5 

I n troduction 

Definition of H erb a g e  Allowance 

E xperi mental  S tudi es  of the Re l a tion s h i p 
betvJeen Herbage A 11 owance, Mi 1 k Production 
and Herbage I n ta k e  with Dai ry Cows 

The Na ture o f  the Re l ation s h i p  between 
Herbage Allowance, Herbage I ntake  a n d  
Anima 1 Perfo rman ce . A S ummary 

Conclusions 

Cha pter  Two 

EXPERIMENTAL METHODS 

2. 1 

2 . 2  

2.3 

2.4  

2 . 5  

Experimental Design 

Th e Experimental Area 

Th e Experimental Pastures 

The Ex peri menta 1 Animals 

P as tu re r·�ea s urements 

2 . 5 . 1  

2 . 5 . 2  

The Dail y  H e rbage  A l l owance Offered 

2.5 . 3  

Meas ureme n t  o f  Dry Matter Y i e l d 
of the Herb a g e  o n  Offe r a nd  the 
Herbage Rema i n i ng After G ra z i n g  

E s t i mat i on o f  t h e  Herb a ge 
Dry Ma tter In take  . . . .  

2 . 5 . 4  E s tima t i on  o f  the Qua l i ty of  
Herb ag e  Cons umed . . . .  

( DMY ) 

Page  

26  

29 

34 

3 5  

3 5  

36 

36 

5 2  

5 6  

5 8  

60 

60 

6 2  

63 

6 3  

6 5  

6 6  

6 6  

vi 



2.6 Mea s u reme n t  of  th e Res ponse s  o f  Cows 

to Da i l y H e rbage Al l owance  Offered 

2.6 .1 Mi l k  P roducti on  

2 . 6 . 2  Li vewe i gh t  Ch ange  

2 . 6 . 3  Cow Body Con d i t i o n  

2.7 Experi me nta l  Managemen t 

2.7 . 1  M i lk i ng  

2.7 . 2  Wate r  S uppl y 

2.7 . 3  Gra z i ng Management 
( P re and  Pos t- E xper i menta l ) 

2 . 7 . 4  Ani mal  Hea l th 

2.8 Stat i s t i ca l Analys i s  

2 .  8 . 1  Mi l k  Y i e l d ,  Mi l k  Compos i ti on ,  
L i vewe i gh t  Ch a n ge , Dry Matter I n take 

2 . 8.2 Eva l uati on o f  the Respons e s  o f  Cows 
o f  Two Phenotypes  to  H e rbag e Allowance 

2.8 . 3 Ca lcu l at i on o f  th e Standard Error 
of E s t i mates of Dry Ma tte r I ntake  

Chapte r Three 

R ES ULTS 

3 . 1 Pasture Mea s u rements 

3.1 .1 

3 . 1 . 2 

3.1.  3 

3 . 1 . 4 

3 . 1 . 5  

3 . 1.6 

Da i l y  Herbage Al l owance 

H erbage Dry Matte r  Rema i n i ng After 
G ra zing  ( Res i dua l  H e rbage  Y i e l d ) 

Dry Matter I n ta k e  

T h e  Var i at i on  Amo ng s t  t h e  Es t i mates  o f  
Dry Matter Yi e l d a n d  Herbage I n take 

The Na ture o f  the  Re l a ti on sh i p  Between 
Herbage Al l owa nce  a n d  H e rb ag e  Dry 
Matter I n ta k e  . . . . . . . . 

The E ffect  o f  H e rbage  A l l owance on  
the Qua l i ty o f  Die t Se l ected  

Page 

6 7  

6 7  

68 
69 

70 

70 

70 

70 

71 

72 

72 

72 

7 3  

74 

74 

74 

78 

78 

82 

85 

vi i 



3.2 Herbage Allowance and �1i l k Production 

3 . 2.1 Milk Yield 

3. 2 .2 Fat Corrected Milk Yield ( FCM ) 
3 . 2.3 Milkfat Percentage 

3 . 2.4 M"ilkfat Yield 

3.2.5 Milk Protein Percentage 

3. 2 .6 Milk Protein Yield . 
3.2.7 Somatic Cell Counts 

3. 3 Liveweight and Cow Body Condition Change 

3.3.1 Liveweight Change 

3.3.2 Cow Body Condition Change 

3 . 4  Evaluation of the Res ponses of Cows of 'High' 

and 'Lov1' r�erit for �1i l k fat Production 

to Herbage Allowance 

3.4.1 

3.4. 2 

3.4.3 

3.4.4 

Fat Corrected Milk Production 

Liveweight Change 

Cow Condition Score Change 

Analysis of Variance . . .  

Chapter Four 

DISCUSSION 

4.1  Herbage Allowance and Herbage Intake . 

4 . 1 . 1  Daily Herbage Allowance Offered 

4.1.2 Es timation of Dry Matter Intake 

4.1.3 The Nature of the Relations hip between 
Herbage Allowance and Herbage Intake � The Res idual Herbage Yields . .  � Herbage Allowance and the Quality 
of Selected Herbage 

4.2 Herbage Allowance and Milk Production 

4 . 2 . 1  Short-term Effects on Milk, Fat 
and Protein Yields . . . . . .  . 

Page 

88 

88 

89 

89 

9 1  

9 3  

94  

95  

95  

95  

96  

9 7  

97 
98 

98 

99 

101  

1 01 

1 02 

1 08 

1 1 2  

1 1 9  

1 22 

122 

viii 



4 . 2.2 Long-te rm Effec ts o n  M i lk fa t  Y i el d  . . . . .  . 

4 . 2.3 S umma ry : H e rbage All owance  
and M i lk P ro du c t i o n  . . . . . . .  . 

4 . 2.4 Herbage All owance  and Milk Compos i ti on 

4.2.5 L i veweigh t a n d  Body Cond i tion Changes 

4 . 3  Th e Res po n s e  of Cows o f  Differen t Phenotypes 

to Varia ti on  in H e rb a ge Allowance 

Chapter F i ve 

CONCLUSIONS . . . . . . 

Appe n d i ces 

Bibl iog raphy 

Page  

1 2� · 

--'---.., 
1 30 
1 33 

1 35 

137 

140 

143 

153 



Tabl e 

1.1 

1 . 2  

1. 3 

1. 5 

1.6 

1 .7 

1.8 

1 . 9 

1 . 10 

1 . 1 1  

LIST OF TAB LES 

A s ummary of some experiments on th e 
effects of underfeeding in the fi n al three 
months of pregnancy on milk and milkfat 
y i e l d post-p artum  . . . . . . . . . . . . . 

A s ummary of New Zealand experiments which 
investigated the consequences o f  under­
feeding in early lactation . . . . .  

Results from exper i ments by B roster , 

showing the losses in total lactation milk 
yield following a reduction i n  early 
lactation yield due to inadequate feeding 
(From Broster, 197 2) . . . . . . .  . 

The herbage intakes (g organic matter kg LW-1) 
of lactatin9 cows (LC), pregnant heifers (H) 
and calves ( C ) grazing perennial ryegrass 
swards varying in weight and maturity 
(From Hodgson, 1977) . . . . .  . 

Herbage allowance, herbage i n take and 
their effects on milk production and 
l·ivevveight change o f dairy cows. 
(Greenhalgh et al. 1966) . . . . .  

The effects of  herbage allowance on herbage 
intake, milk yield and liveweight change of 
dairy covJS. (Greenhalgh et al. 1967) . . . 

Some effects of herbage allowance applied 
over a grazing season on dairy cow performance 
(Greenhalgh, 1970) . . . . . . . . .  . 

The effects of three herbage allowances o n  
herbage intake and milk production 
(Combellas and Hodgson , 1975) . . . . .  

The e ffect o f  h e rb age al l owance on cow 
performance and th e s eve ri ty o f  g raz i ng 
(From B ryan t  an d Cook,  1 9 7 7 )  

Mi l k fat y i eld and l i vewe i gnt ch ange  for 
herb age al l owan ces o ffered  at two s tages 
of l actati on  ( B ry an t , 1977a) . . . .  

Herb age offered, h erb ag e  i n take and 
res i d u al herb age y i e l d fo r two l eve l s  of  
feed i ng i n  weeks  1-5 o f  l actati o n  i n  two 
years ( Grai nger, W i l h e lms and McGowan,19 78 )  

X 

Page 

3 

9 

11 

21 

38 

41 

4 2  

4 3  

4 6  

4 7  

48  



1. 1 2 

2 . 1  

2 . 2  

2.3 

2.4 

The  e ffects of th ree h e rbage  a l l owan ces on 
the herbage i n take , mi l k  p roduct i on and 
diges t i b i lity of th e d i e t  s e l ected by g raz i ng 
dairy cov-1s ( Combe l l a s a n d  Hodgs on, 19 79) 

The experimenta l des i gn and p rocedure 

The experimenta l pastures 

The experimental cows a n d  their 
t re a tmen t g roups  

The n umbe r  of quadra ts ( 0 . 18 m2 each) cut 
per t reatment  to meas u re pas t ure OM y i el d 

3 .1 Herbage all owances (kg OM cow-1d ay-1 �SO) 

Page 

5 1 

59 

61 

64 

6 5  

for the  32 day period fo r each gro up of  cows 75 

3.2 Herbage dry matter rema i n i ng a fter g raz i ng 
(kg OM ha;l ± S D ,  kg OM cow- l ± SO) fo r 
e ach herba ge al l owance  treatme n t  76 

3 .  3 The mean d ry matter intakes of CO'tiS 
o ffered three herbage a l l owances (kg DM 
cow-lday-1 �SE of mean; kg DM pe r 100 
kg LW) . . . . . . . . . . . . 77 

3 .4 The variabi l i ty of e s t i mates of dry matter 
yield b e fo re and  a fter grazing, measured 
for allowance areas  on two occa s i on s  80 

3 . 5  The s tanda rd erro rs , coe ffi c i ents of 
vari a t i on and  confi den ce i n te rva l s  of the 
e s t i ma tes of  dry matter in take  ma de on a 
sing l e  day . . . . . . . . . . . . . . . . 81 

3 .6 �1eans �s tandard dev i at i ons  o f  the  d ry ma tter 
i n takes  ( y )  fo r each tre a tmen t ,  and  the 
trans formed mean s  (Y/x) ± s tandard dev i ati o n s  83  

3.7 The c rude protei n a n d  a c i d de te rgent  fi b re 
concentra ti ons of  the  h e rbage  offered , th e 
h erbage rema i n i n g, a n d  the  h e rb a ge appare nt l y  
i nges ted . . . . . . . . . . . . . . . . 86 

3.8 In vi tro DOMD% of h e rb ag e  offe red and  herb age  
.rema i n i ng after g r a z i n g  from two pas tures 87  

3 . 9  M i l k  y i e l ds ( l i tres cow- 1day-1 ) for cows 
o ffered one of th ree h e rbage  a l l owances 
for a 5 wee k  peri o d  . . . . . . . . . . . . . . . 88 

xi 



3 . 10 

3 . 1 1 

3 . 1 2 

3 . 13 

3 . 1 4 

3. 1 5  

3 . 16 

( - 1  - 1 ) Fat  corre cted mi l k  y i e l ds k g  cow day 
o f  c ows offe red d i ffe ren t h e rbage 
al l owances for a 5 week peri od  . . .  

Mi l k fa t  percentages  for cows offe red  
d i ffe re n t  herbag e  a l l owances  for  a 
5 week  period . . . . . . . .  . 

Mi l kfa t y i e l ds ( k g  MF  cow-1 day-1 ) fo r 
cows offered d i ffe re n t  he rbage a l l owances  
for  a 5 week  per i od  

-·1 + 
Mi l k fa t  y i e l ds ( k g  cow - SE) for cows 
o ffe red th ree d i ffe re n t  herbage  a l l owan ces 
i n  e a rl y  l a ctat i on . 

1 .  Treatme n t  y i e l d 
2 .  Pos t-tre a tmen t  yie l d 
3. Total  y i e l d . . . .  

M i l k  pro te i n pe rcen ta ges  for cows 
offe red one of th ree h e rbage a l l owa n ces 

The mi l k  protei n y i e l ds ( kg  cow-1
day -1 ) 

o f  cows o ffered one  o f  t hree he rb age  
all mvances . . . . . . . . 

The mea n rate o f  l i veweigh t c h ange 
( k g  cow-lday-1 ) o f  cows offered th ree 
d i ffe rent herbage a l l owances . . . . .  

3 . 1 7 I n i tial and  fina l  cond i ti on s cores fo r 

Page  

90 

90  

9 1  

9 2  

93 

9 4  

9 6  

the cows offered  e a c h  h e rbage a l l owance  97  

3 . 18 Mean  FCM y i elds , l i veweig h t  changes  and  cow 
con d i ti on s core ch anges of cows w i th ' h i gh '  
a nd  ' l ow' l i fet i me product i on i nd i ces , 
offe red th ree d i ffere nt herbage  a l l owances  . . . .  100 

4 . 1 Es t i mates o f  metabo l i zabl e energy i np u t  a n d  
expend i ture for cows  o ffered th ree d i ffere n t  
h e rbage a l l owances  . . . . . . . . . . . . . .  1 0 7  

x i i  



Figu re 

1 . 1  

1 . 2 

1 . 3  

3 . 1 

3.2 

4 . 1 

4 . 2  

4.3  

L I S T  OF  F IGURES 

Livewe i g h ts and ra te of  l i vewe i gh t  
ch ange  ( b ± SE) b e fo re ca l v i n g  of 
th ree e xperi ments by Roge rs et a l . ( 19 79 )  

The re 1 a t i  on be tween pas t u re a l l owa nce 
and t he  i n take of pas t ure by d ry cows 
( F rom H olmes , 1980 ) . . . . . . . . .  . 

The rela t i on be tween pos t- g ra z i ng  residual 
yie l d of pas t ure an d t h e  i n take  of pas t u re 
by dry cows (F rom H o l mes , 1980 ) . . . .  

The measu red relat i on b e tween d a i l y  
herb age a l lowance  a n d  herbage in take  

Th e rel at i on be tween h e rbage  u tili zat i o n  
a t  a s ing l e  g raz i ng ( Yjx ) a nd  d a i l y  
herbage a l l owan ce  (x) . 

Some re l a t i ons b e tvJeen herb age  all m�a nce  
and h e rb age · i n ta ke with da i ry cows 

A c ompa r i s on of  res i dua l he rb a ge y i e l ds 
ob t a i ned  at va r i o u s  herbage a l l owances 
by Bryan t and Cook (19 7 7 )  a n d  from th e 
p res ent e xper i me n t  

Some expe r i me n t a l  re l a ti ons  b e tween 
h e rb a ge a l l owance and mi l k  y i e l d  

x i i i  

Page  

6 

50 

50 

79  

84 

1 10 

118 

1 24 



x i v  

LIST OF PLATES 

Plate Page 

A. Residual herbage yield, Low al lowance, 
860 kg OM ha:1 (Mean 750 kg OM ha:l) . .. 113 

B. Residual herbage yield, Moderate allo,ance, 
1350 kg OM ha: l (Mean 1550 kg OM ha� ) . . 113 

c. Residual herbage yield, High allowance, 
1670 kg OM ha ; 1 (Mean 1850 kg OM ha:1) 

D .  The area of pasture offered at the 
High allowance, with a comparison of 
the severity of grazing \vi th the 

114 

Low allowance . . . . . . . . . . . . . . . 152 

E .  The area of pasture offered at the 
Low allowance, with a comparison of 
the severity of grazing with the 
Moderate allowance . . . . . . . . ... . . .  152 

' 



LIST OF APPENDICES 

Append i x 

I An e xamp l e  o f  th e s ub d i vi s i on of a n  
area of  p a stu re i n  o rder  t o  o ffe r th e 

XV 

Page 

th ree da i l y  h e rb a ge a 1·1 owances . . . . . . . . . 143 

I I  The  b l ood Mg s tatus o f  the e xpe r ime n ta l  
c ows on 21/9/78 . . . . . . . . . . . . . .  146  

I I I  T h e  ca l i b rati on  o f  the E l l i nbank  
P a s  tu re  Me ter . . . . . . 14 7 

IV The mean da i ly mi l k , mi l k fa t  and  mi l k  
p rotei n y i e l ds ( unadj u s te d )  fo r each  
expe rime n ta l  cow over the  32 day 
treatmen t per i od  ( Peri od I I ) a nd  thei r 
tota l l a ctat i on mi l k fa t  yie l ds . . . . . . . .  148 

V Cow l i vewe i gh ts and  b o dy cond i ti on sco res 
before and afte r treatme n t  and body 
condi ti on at th e end  of th e l acta t i on  . . . .  1 49 

V I  Eva l uati on o f  th e res ponses of cows of  
ti,/O phenoty pes  for mi l k fat  product i on  
to va ri at i on  o f  he rbage  al l owance 
( 3 x 2 factoria l ana l ys i s  of  vari a nce ) . . . . . . 150 



CHAPTER  ONE  



1 . 1 .1 

REVIEW OF LITERATURE 

1 . 1  Th e Respon s e  of the Da i ry Cow 

to its Level of Feeding 

In trod u c ti on 

1 

Op timum feedin g of the da i ry cow i nvol v e s  a s tudy of fee d  

in p u ts a n d  milk o u t p uts a n d  a n  e conomic evalu at i on of this rela tion s hip. 

Th i s  i s  partic ularl y impo r ta n t  whe re the costs of feedi ng a cow are 

h i gh,  or where a l terna t i ve f e e d s  are availa ble. The tradi ti on a 1 
a p proach to fee ding was based on mee ting the curre nt e n e rgy a n d  

prote i n  n e eds of the cow, which were calcul ated from the ma i n te n a n c e  

requ i rement and the c urre nt milk yield. It be came ev i dent that 

me e tin g the cow 's current requi reme n ts was not nece s sarily the 

o p timum mea ns of a chievi ng  h i gh outputs while m i n i mising i nputs . 

Th i s  l ed to the idea that the response of the cow to its l evel of 
feeding was related to i ts past and future nutri tion a s  well as to its 

c ur r e nt level of fee d i n g  ( B l a xter, 1 9 50;  1956 ) . Blaxter s u g gested 

that the e mph asi s be pl a ced o n  the need for a mor e  dynami c approach in 

which foo d  i s  a l l oca ted to s e c ure the grea test advan tage for mil k 

producti o n  i n  the long  term. Hence the need to view the res pon s e  

of t h e  dairy cow to i t s  level of feed i n g over the whole la cta tion 

eye 1 e .  

Emph asi s i n  research h as  now been pl aced on th e di stributi on  

o f  feed with i n  a l acta tion cyc l e for  opti mum use o f  feed i nputs . As 

wel l as  an a l ysi s of i mme d i a te respon ses to in take at the di fferen t 

sta ges of th e lactat i o n  cyc l e ,  the  c umu l a ti ve effec ts of  l eve l of  

i ntake over time have to  be stud i ed . 

In New Zea l and  resea rch has been focussed on  the i mpo rtance of  

feeding l evel both before a n d  a fter ca l ving, o n  mi l k  produc tion i n  

e a rl y l ac ta tion . Under  New Zea l a n d  cond i ti o n s ,  whe re cal vi n g  

gen e ra l l y  occurs a fter a ti me of  min i mum pasture growth, the adve rse 

I 
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effects of underfeeding a cow prior to and immediately after calving 
have been studied. The level of feeding both before and after 

calving has been shown to influence the peak milk yield and 
susbsequent milk production over the whole lactation ( see reviews 
by Broste1�, 19 71; Broster, 1972; Broster and Strickland, 1977). 

1. 1.2 The Influence of Pre-Partum Levels of 

f�ed_lnq on Mi 1 k Production 

2 

In New Zealand, Lees et al. ( 1948), Campbell and Flux ( 1948 ) ,  

and Patchell ( 1957) have all investigated tv-10 levels of feeding in 
the last three months of pregnancy and the effect of that feeding 

in the subsequent lactation. In all the above experiments the 
higher level of feeding consisted of autumn saved pasture with hay 
and silage supplements, fed� lib.,while the poorly fed groups 
received restr i cted amounts of hay and silage with limited pasture. 

Post-partum all cows were grazed in one group. 

experiment are set out in Table 1.1. 

Details of the 

The results of these experiments agree in that underfeeding 

i n  late p regnancy resulted in a reduction of milk production post­

partum. 

The average rate of weight gain of the uterus and its contents 

from ten weeks before calving is approximately 0 .4 kg da y- 1 

(Bryant, 1976). If pregnant cm'ls gain less than this amount then 

their own body weight is l ikely to be declining. These experiments 

compared levels of feeding that either induced large losses in 
maternal liveweight or kept maternal liveweight almost constant. 

In a later experiment, Hutton and Parker ( 1973) obtained 
consistently higher milk yields in two consecutive years from cows 
that were maintaining liveweight before calving, compared with 
cows that were loosing maternal liveweight . 

Broster ( 197 1) reviewed many experiments carried out in 
countries other than New Zealand that have studied the responses 
by dairy cows to a wide range of pre-partum levels of feeding. 
Cows fed at moderate and high levels of feeding pre-partum generally 
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Tab le L 1 

Source 

Lees et  a l . ( 19 48) 

Fl ux and Campb e l l 
( 1948) 

F l u x  ( 19 50) 

Patch e l l ( 1 9 5 7 )  

* 

A s umma ry of s ome ex perimen ts on  the effects of underfeeding in th e fi n a l  th ree 

mon th s  of pregnancy on  mi lk and mi lkfa t y i e l d  pos t-pa rtum 

Leve l of 
Feeding 

High 

Low 

Hig h 

Low 

High 

Low 

High 

Low 

L i vewe i gh t  Change  
P re-Pa rtum 

i n crea s e  i n  matern a l  body 
we i ght* 

l os s  in mate rnal body we i gh t* 

ma i ntained tota l l i vewe i g ht 
(yr  I )  
i nc reased to ta l l i veweig ht 
( yrs II and I I I )* 

l ost  40 k g  c ow- l* 

- 1 - 1 
+ 0.57 kg  cow day -

-1 -1 
- 0.09 kg cow day 

-1 + 8. 4 kg  cow , year I * 
-1 - 7 .  7 kg cmv , ye a r  I I* 

- 1 - 35 . 4  kg cow , year  I* 
- 52.2 kg CO\'-/ -1 , year I I* 

D i fference i n  
Liveweigh t  a t  
Calving 

60 kg 

No t g i ven  

40 kg  

Not given 

Effect on  M i lk and M i l kfat 
Yie l ds Pos t- Partum 

22 kg ex tra mi l kfa t produced 
by b ette r fed cows . 
50% of differences in th e 
ls t 3 week s 

ll kg of extra mi l kfa t 
p roduced by b e tte r fed c ows. 
Mos t of d i ffe rence in the 
l s t  3 month s 

477 kg  of ex tra m i lk a n d  
25 k g  of  extra mi l kfa t 
p rod uced by b etter  fed he i fers 

-1 - 1  1 .5  k g  ex tra mil k cow day 
i n  weeks 0-6 of l actat i o n  
pro d u ced  by be tte r fed grou p . 
260 kg milk over th e who l e  
la c ta ti on  

Wei g h ts corre cte d fo r g a i n  i n  ute rus a nd  contents . 

w 



yi eld more mi lk pos t-p a rtum th an  tho s e  fed a t  l ow levels . There 

i s  h owe ver an  apparent  di mi n i s h i ng returns e ffec t  i n  the  mi l k  y i el d 

res pons e  to i n crea s e s  i n  the leve l of  fe edin g p re-partum . 

4 

Broster concluded th a t  da i l y l i vewe i gh t  gains  o f  cows i n  l a te 

pregnancy up to but  n o t  exceedi ng 0 . 5 kg day-1 fo r cows in mode ra te 

cond i tion , i ncreased mi l k  y i e l d  i n  the fi rs t ten weeks of l actati o n . 

Th i s  was though t to be s uffi c i e n t  liveweight gai n to account fo r 

the g rowth of conc e p ta . 

Des p i te the realization th at  a benef i c i a l  e ffec t  on  mi l k  

production arose from i nc reas i ng the le vel of  feedi ng  p r i or  to 

ca l v i ng , the physiological mecha n i sm by wh i ch this was ach i eved wa s  

not app a rent . B l a xte r (1956) sugges ted t h a t  n utr iti on  exerted its 

i n fl u e nce on lactation by con troll i ng the a c t i vi ty and the n umber 

o f  s ec retory ce l l s  i n  the  udde r .  There i s  h owever l i tt l e e xpe ri men ta l  

evi dence  for th i s .  H utton and  Parker  ( 1973) found evi dence s uggest ing  

th at a high level of  pre-calving feedi n g  increased the amoun ts o f  

p a s t u re dry matter con s umed a fter ca lving .  This is not supported 

by the experiments  of G ra i nge r , Wi l helms a nd Mc Gowan (1978) who 

fo und that cow s  tha t  c a l ved i n  goo d b ody condi t ion  con sumed l ess  dry 

ma tter  tha n  those ca l ving i n  poor body cond i tion, when the p a s t u re 

offe red was equa l . 

Broster (1971) specu l ated tha t as a h i ghe r l evel of feeding in 

l a te p regnancy l eads to a grea ter l i vewei ght gain i n  th e cow (or l e s s 
l i vewe i ght  l os s ) ,  i t  wi l l  a l s o  h e l p  a rres t the po tent i al l os s  o f  

mi l k  y i e l d  i n  ea r l y lac tati on due to unde rfeedi ng a s  there i s  n ow 

i nc reased potenti a l  for mobi l i z at i on  o f  th a t  l i vewe i g ht  to sup port 

mi l k  y i e l d  pos t-partum. He added tha t  i f  the objec tive of i n cre as ed 

feed i n g  p re-partum was  to b u i ld up body ene rgy reserve s , then the 

n u tr i t i on of  the cow ove r the preced i ng  lac ta t i o n  a lso  h ad to be 

taken i n to accoun t .  L i vewe i g ht  c hanges  i mned i a tely p re- pa rtum d i d 

not  i nd i cate di re ctly wha t changes may h ave occurred i n body ti s s ues.  

Rogers ,  Gra i n g e r  and  Earle ( 1 9 7 9 )  took  up  thi s po i n t  and  

q ue s ti oned whe ther rate of  l i vewe i gh t  g a i n d u ri n g  pregnancy�� 

or the ava i lab i l i ty o f  energy res e rves i n  e a rl y  lacta t i on was  the 

key factor i n  determi n i n g  i n creases  i n  mi l k  y i e l d obtai ned from 

i n creases  i n  pre- p a rt um feedi n g .  They ca rri e d  out three  experi men ts 



to e xami ne  th i s  ques t i o n .  I n  all e xperi me n ts two g ro ups of 

ide nt i ca l  twi n  cows were fed so  that  by six weeks before ca l v i n g  

there w a s  a d i fference of  abo ut 50 k g  l i vewei g h t betv;een the 

ani mals in the two g ro ups. Th e pa ttern of li vewei gh t ch ange up to 

calvi ng in the  exper i ments ·is shown i n  Fig. 1.1. In e xpe r i ments 

one and tvw, covJs \'/ere fed so as to g a i n  wei gh t  at different ra tes 

but calve i n  simil a r  b o dy condition. In experi ment th�·ee , covJs 

gained wei ght  befo re calv i ng at simi l ar  rates , but ca l ved at 

d i fferent body con d i t i ons and  wi th a d i ffe renc e of 51 k g  l i vewei gh t. 

In experiments one  an d two, there were no s i gn i fi cant 

d i ffe rences d ue to p re - c alvi ng l i vewei gh t gain on milk , fat o r  prote i n  

product i on i n  the f i rst 100 days o f  l acta tion. In experi men t 

th ree, cows in heav i er cond i t i on had a 7% g re a ter milk yield and 

a hi gh e r  milkfat concentra t i on i n  the fi rst 100 days of l a ctat i on, 

an d these d i fferences were si gnificant. 

The results demonstrate that l evels of body condition of 

cows at ca l ving are the important facto r a ffec ting milk production 

and th at l i vcweight c h anges 12er se pri or  to ca"l v i ng v1erc unimportant 

in inf"luencing subsequent milk product-ion. 

Means of assesment of  cow body condit i on ,  that are 

i ndependen t  of  l i vewe i gh t and concep ta ga i n  h av e now been dev i sed. 

Body condit i on i s  assessed by v i sua l i ns pe c t i o n and handling of  

cows , to assess the  f lesh coveri ng mainly  o n  t he  base of the tail 
and o ver the hips, back and p i nbones . The deg ree of cover is gi ven 

a value on  a scale o f  1- 10 (1 very th i n , 10 very fa t ). 

G r a i nger , W i lhelms and  McGowan  ( 19 78) ob tained a mean 

resp onse of 8 . 0  k g  o f  extra mi lkfa t produced i n  the first 20 weeks 

of  l actat i on , per  u n i t  i ncreas e of  cond i t i o n  sco re a t  ca l ving . 

Th e res ponse of  mi l k fat  p roducti on o ver  w2ek s  1-5 of  lacta t i on to 

condi t i on s core at ca l v i ng was  for pra ct i ca l purposes  l i ne a r , i n  

the  range of cond i t i on  s co re s  th ree to s i x .  Th i s  confi rmed the 

ear l i e r vJork by Rog e rs, Gra i nger  and  E a r l e (1979), th a t  covJ body 

con d i ti on a t  ca l v i n g  has an i mportant e ffec t  o n  mi l k  p roduct i on . 

There i s  ev i dence from ear l i er exper i men ts tha t the l eve l o f  

5 



xper ime nt 1 ! i r ·

---

-
-

---
-

-------·

-

-

--------

--

--·----

4 20 (H) b = 0 . 46 ± 0 · �?.----------� --1 
b = 0 . 52 ± 0 . 0 7 ----<1)--------- -� ---- -- ! ------------- ---- I 380 �--- ---- ----\- -;·. 0 l --1 . -- g6 -b--:-_0�-±o��-o-- ---'o -- o. 

, 
340 

400 

I 

( L) 

�-
---------------���j !-----------· 

(H) b == -0.11 ± 0.06 _o--' 
0 . 7 s ± �:?_:_---------@------------- --.. -�---::-- �.:..--e 11' 

b = ------- -- I 360 - ------ -� 0 \ l _, 5: . ��------------- ' ----\�')!.� - . � 0----------
+ --------(_)- ..- 'p 

--
� 320 b -0.06 - O.lO (L) w 
> ........ 
_J 

-I 
I 
I ·--- ·--·-------------------------·-------- ----·· · -·--··---j 

Experiment 3 

400 . 

360 --

320 

7" � 0 ·_'l_'----$ .! 
(H) b = 0 �---·--··- I 

4 :\:: 0. 1.5 ------·------ l 
\ -- 1..1. --- J ) ----- ..1'"" . --------- -\...- ' I - I - - 9 ± o.o6 1· -------o- b = 0 . 6 
b=Q. 2 4 f().l]-

( L) --� 
, _____ ,.L_ ____ __ L_ .-L-----..1-----.L__._._..___-_j 
12 10 

F i g .  1.1 

8 6 4 

WEEK S BEFORE CALV I NG 

2 

Li vewe i gh ts and  rate of l i vewe i g h t  change ( b  � SE)  

0 

befo re ca l vi ng for th ree e xperi men ts by Rogers et a l . ( l9 79 )  
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fee d i ng pre-pa rtum, refl ec ted a s  cow body cond i t i on , may alter th e 

pattern of  l i vewe i gh t  change  pos t-pa rtum. F l ux ( 1950 ) n o ted tha t 

heifers fed pr i or  to c a l v i n§ so that  they l os t  o n  a verage 0 . 09 kg  

l i vewe i ght  day
- 1

, d i d n ot  l os e  as  much  l i vewe i g h t  i n  the f i rs t 

e i g h t  weeks  of l a cta t i o n  a s  their we l l  fed twi n  s i s ters . The 

poor ly  fed he i fers a l s o  h a d  a h i gher  ra te of l i veweigh t ga i n  from 

the end o f  the ei g h th week after c a l ving, u n ti l the end  of lacta ti on .  

F l ux  s ugges ted th a t  l ower mi l k  product i on  in the l acta ti on by the 

poor l y  fed he i fers c o u l d be  accounted  for by i nc reased u s e  of 

n u tri e n ts for l i vewe i gh t  ga i n  or g rowth . S i mi l a r tre nds  we re 

reported by Pa tche l l ( 19 5 7 ) , a nd B ro s ter  ( 19 7 1 ) revi ews exper i ments 

tha t s how l ow l ev e l s o f  feed i ng pre - pa rtum res u l ted i n  l es s  li ve­

\ve i ght l os s  or  gre a ter  l i vewe i g h t  g a i n pos t- pa rtum compa red with 
a n i ma l s b e tter fed p re-pa rtum . 

The res u l ts of G rai nger, W i l he l ms and  McGowan (1978 ) 

s ugges ted that i nc reas ed  body cond i ti o n  a t  c a l v i n g  c a u s ed more 

ene rgy to be part i t i oned  i n to m i lk produc t i o n  a n d  less into l i ve-

wei g h t  ga i n .  C ows  th a t  calved a t  l owe r cond i ti on s cores (< s core 5 ) 

p u t  on more co nd i tio11 pos t  cal ving , tha n cows tha t c a l ved at higher 
cond i t i o n  scores ( > score 5) . 

Co ne., u s  i on 

It i s  a ppare n t  th a t  th e body con d i t i o n  of  the dairy cm·: at 

ca l vi n g  w i l l  a ffe c t  i ts res pon s e  i n  te rms of  m i l k  prod u c tion to th e 

leve l of  feed i ng ove r the fo l l owing l ac ta tion . Th i s  i s  d ue  to : 

1 .  the cow i n  heav i e r cond i ti on  a t  calv i ng h a v i ng 

�nc rea s e d  e nergy res e rves ava i lable i n  the form 

o f  body ti s s ue i n  o rde r to s u pport  mi l k  product i o n  

2. the c ow i n  poorer  cond i t i on  a t  c a l v i ng  a ppeari ng 

to part i t i on  more of  i ts d i e ta ry energy towards 

l ivewe i gh t  g a i n and  l es s  toward s  m i l k  product i o n . 

1 . 1 . 3 The Respons e o f  the Da i ry Cow to i ts Level of  

Feed i ng i n  Ear l y Lac ta ti o n  
.. 

Exper i menta l  e v i dence d i s c u s s e d  i n  the  precee d i ng sect i o n  
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s h owed that  the re s pon se  of  the  da i ry cow to i ts l e ve l o f  feedi n g  

i n  e a r l y  l actati on  i s  mod i fi ed by i ts condi t i on at ca l v i n g 

( Grai nger et  a l . 1 978 ) . Ne ve rthe l es s i mp o r t a n t  e ffe c ts o f  l e ve l 

o f  fee d i n g  i n  ea r l y ·l a c ta t i o n � �  h a ve b e e n  d e t e rmi n e d  i n  

rel a t i on to p e a k  m i l k  y i e l d  a n d  the who l e  l a c ta t i o n  y i e l d .  Un de r 

8 

the N ew Zea l a n d  s e a s o nal d a i ry i n g  sys tem , c a l v i n g  i s  a r r a n g e d  to 

co i n c i de as fa r as p os s i b l e  1v i t h  the o n s e t  o f  nn re r a p i d  pa s t u re g r m-1 th i n  

s p r i n g .  B e c a us e  o f  the  v a r i a b i l i ty i n  pa s  t u  re g row th r a t e s  from 

y e a r  to ye a r ,  p a s t u r e  a va i l a b i l i ty at c a l v i n g v a r i e s  e a c h  y ea r .  

S e ve ra l  New Z ea l a n d  re s e a rc h  w o r k e rs h a v e  e xa m i n ed t h e  c o n s eq u e n c e s  

o f  u n de rfee d i n g  i n  e a rl y l a c t a t i on ( F l ux a n d  Pa t c h el l ,  1 9 5 4 ; 

Pa tch e l l ,  1957 ; W a l l a c e , 1 9 5 7 ) , b e c a u s e  o f  i ts freq ue n cy u n d e r  

p a s to ra l  c o n d i t i o n s . 

Th e s e  e xpe r i men ts g e n e ra l l y  s t ud i e d  t h e e ffe c ts o f  d i ffe r e n t  

l e v e l s  o f  fe e d i n g i n  the  e a r l y  p a rt o f  l a c t a t i o n  on mi l k  p ro d u c t i o n  

a n d  l i vewe i g h t  c h a n ge . S u b s e q ue n t l y  c ows t h e n  rece i ved  t h e  s ame 
g ra z i n g  trea tme n t fo r t h e  rema i n d e r  o f  t h e  l a c t a t i on . S ome 

re s u l ts from th es e e xp e r i me n t s  a re s u nma r i s e d i n  Tab l e  1 . 2 .  T h e  
t ab l e refe rs to t h e  i mm ed i a te l os s e s o f  m i l k  p ro d u c t i o n  o b ta i n e d  

i n  t h e s e e x p e ri n� n ts a s  wel l a s  the l os s e s  i n  p ro d u c t i on o v e r  t h e  
who l e l a cta t i o n . T h e  res i d u a l  e ffe c t  h a s  b e e n  c a l c u l a t e d  a s  a 

ra t i o o f  t h e  mi l k  p ro d uc t i on l os t  s ub s e q ue n t  t o  t h e  c e s s a t i o n  o f  

u n d e r fe e d i n g , t o  t h e  d i re c t  l o s s  i n  mi l k  p ro d u c t i on d u r i n g  t h e  

u n d e r fe e d i n g  ( s e e  G o rdo n , 19 76 ) . ( i . e .  res i d u a l  e ffe c t  e q u a l s 

x t i mes the d i re c t  e ffect from u n de rfee d i n g ) . W h i l e  the a b s o l u t e  

l e v e l s  o f  feed i n g a n d  th us the e xa c t  e xt e n t o f  u n de r f e ed i n g  we re 

n o t  a l way s w e l l de fi ned  i n  th e s e  exper i me n ts , t h e  e ff e c t s  o f  l ow 

l e v e l s o f  fee d i n g  a re c l ea r . Unde rfeedi n g i n  e a rl y l a c ta t i o n  

res u l ted i n  l ow e r  m i l k  a n d  mi l k fa t  y i e l d s . P e a k  m i l k  y i e l ds w e re 

l ower and  rea ched  e a rl i er i n  l ac tat i on than  when cows we re w e l l fed . 

A cons i s tent  e ffect o f  unde rfeed i n g  i n  ear ly  l actat i on , a pa rt 

from year  one o f  t he  e xperi men t  by Patch e l l ( 19 5 7 ) , was  the  

apparent res i d ua l  o r  c a rry-o ver effect o f  a res t ri c t i o n  i n  mi l k  

product i on ear ly  i n  l a ctati o n  on  s ubsequent  p roduct i on . The e xtent  

o f  th i s  res i du a l  e ffec t  var i ed between e xperi men ts ( s e e  Tabl e 1 . 2 ) . 



Tab l e 1.2 

Expe l�;  men t  

Fl ux a n d  
Patch e l l 
( 19 54 ) 

Patche l l 
( 1 9 5 7 )  

Wal l ace 
( 19 5 7 ) 

A s ummary o f  New Zea l a nd exper i ments wh i ch i n ve s t i gated th e 
conseq uen ces o f  underfeedi n g  i n  early  l ac tat i o n  

N umbe t� a n d  
A g e  o f  

CO\•.fS 

Fee di n g  
Treatme n ts 

S tage o f  
Lacta t i on  

Imned i  a te 
fvli l k Y i e 1 d 

Re s po n s e  

��ho  1 e Lactati o n  
Res pon se  

Res i d ua l  
E ffe ct  

Change  i n  
Li vewe i g ht  

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

14  Sets of  
�1onozygous  
Tvvi ns  

Le s s  than 
4 years  
o l d 

12  Sets  o f  
rqo n o zy g o u s  
Tw i n s  
Year I .  

1 5  S e ts o f  
Tvi i n s  
Y e a r  I I .  

M-i x e d  a g e s  

2 2  Sets  o f  
Tvvi n s  i n  

both 
Yea r I and 

Yea r I I  

Mi xed ages  

( 1 ) ' No t�ma l ' 

( 2 )  40% o f  
p a s t ure and 
s i l ag e  t hat  
' no rma l ' 
p l ane  g r·oup 
re cei ved 

( 1 ) Amp l e 
p a s  t u  re from 
c a l vi n g  
onw a rd 

( 2 )  40% o f  
pas tu re 
o ffered to 
group  ( 1 )  
Un det' feed i  ng  
mo re s evere 
i n  Year  I l  
th a n  Year  I .  

2 . 7  k g  
concen tra tes 
cow - l day- 1 
p l u s  grazi ng  
ve rs us  
graz i n g  a l one 

Y e a r  I 

Hard Graz i ng 

Year  I I  

Lax  Graz i ng  

( NS) = not  s i gn i fi can t . 

Weeks 3- 8 
a fter  
ca l v i ng  
i n c l usi ve 

\�eeks  1 - 6  
a fte r 
ca l vi ng  

Week s  1 -8  
a fter  
ca l v i ng  

Los s  o f :  
9 3 k g  mi l k cow --1 

( P < O . O l )  
3 . 6  k g  mi l k fa t  cow- l 

( P < O . O l ) 

Year  I .  L o s s o f :  
59 . 5  k g  mi l k  cow - l  

( NS )  

Year  I I .  
82 . 9  k g  mi l k  cow - l  

( P  < 0 . 05 ) 

Year I .  

S u p p l emente d  cows 
p roduced 

1 80 k g  mo re mi l k  cow- l 
8 . 2  kg more mi l kfa t c011- l  

Year  I I .  

S upp l emented  cows 
p roduce d 

Los s o f : 
288 k g  mi l k  cow - l  

1 4  k g  mi l k fa t  cow- l 

( NS )  

2 5  k g  mi l k  cow- l 
( NS )  

226  k g  mi l k  cow- l 
( P  < 0 . 0 5 )  

Y ear  I .  

666  k g  more m i l k  cow- l 
35 . 9  k g  more mi l k fa t  cow- 1 

Year  I I .  

6 7 . 5  k g  mo re mi l k  cow - l 189 k g  mo re mi l k  cow- l 
3 . 6  k g  more mi l k fa t  cow- l 10 . 9  k g  more mi l k fa t  cow- 1 

2 . 1 t i mes  t he  
i mmed i a te e ffec t  

2 . 9  

Ni l 

1 . 7 2 

2 . 7  
3 . 4 

1 . 8 

2 . 0 

( 1 ) + 5 . 9  k g  cow- l 

( 2 )  - 1 5 . 5  k g  cow- 1 

CO\"iS i n  t reatme n t  
( 2 )  l os t  no  more 

l i ve1"1e i gh t  
than  ( l )  

Not  G i ven 

9 

Pos t-Experi menta l  
C hange  i n  
Li vewe i gh t 

Not G i ven  

Cows i n  t rea tme n t  
( 2 )  re ga i ned  

bodywe i gh t more 
rap i d l y  than  ( 1 ) . 

Un s up p l emente d  
cows w h e n  fed 
wel l , u s e d  much 

of feed to 
rep l en i s h body 

res e rves 



A compar i s on of  th e res u l ts between yea rs i n  the  s tud i es by 

Wa l l ace ( 1 9 5 7 ) , and Patche l l ( 19 5 7 ) s ug ges ts th a t  the g reater  the 

underfeed ing  i n  ear l y l a ctati on ,  the g reate r the res i d ua l  e ffec t  

on t h e  re s t  of  t h e  l a cta t i on . I t  w a s  a l s o  n o t i cea b l e th a t  cows 

u nderfed in early l a c ta t i o n p a rti t i oned a g re a te r  p a r t  o f  th e i r 

fee d  ene rgy to l i vewe i gh t  ga i n  a fte r the pe r i od  o f u n de rfee d i n g .  

T h es e ex p eri me n ts h a ve p re v i o us l y  been re v i ewe d  by G e r r i n g  

a n d  Y o u n g  ( 196 1 ) , wh o c o n c l uded th a t  ' e rrors i n  ma n a geme n t  s ho r t l y 

a fte r c a l v i n g ,  wh i ch may c a u s e  o n l y  a s l i gh t , a n d  a t  t i mes a l mo s t  

a n  u n n o t i ce d d rop i n  p ro d u c t i o n a re l i k e l y  t o  a f fe c t  t h e  l e v e l  o f  

p ro d u ct i on t h r o u g h o u t t h e  vih o l e o f  the rema i nder of  l a c ta t i o n ' .  

W . H .  B ros ter a n d  h i s  co l l e ag ues were ab l e  to e x te n d  t h e  

e xp e r i  me n ta 1 evi den ce f o r  th e p re s en ce o f  t h e  r e s  i d u a  1 o r  ' ea rry­

o ve r ' effect f rom e a r l y l a c ta ti o n  feed i n g  o n p rod u ct i on o ve r th e 

whol e of  th e l a c ta t i o n . An e x t e n s i ve s e r i e s  o f  s t ud i e s wi t h  f i rs t 

c a l v i n g  h e i fers h a s  been  c a r r i e d  o u t  over a n umber o f  y e a rs . The 
e x p e r i me n ts have i n c l u d e d  s t ud i e s  o f  t h e  a l l o c a t i on o f  e x tra 

concen tra tes to groups  of  h e i fe rs i n  earl y l a cta t i on , compa re d w i th 
l ower r a t e s  of c o n c e n t r a t e  fee d i n g . I n  a l l e xp e ri me n ts e x tra 

c o n c e n tra te fe e d i n g i n  e a rl y l a c ta t i o n has had b e n e f i c i a l  e f f e c t s  

o n  p e a k  mi l k  y i e l d , as  wel l a s  on mi l k  y i e l d fo r the  rema i n der o f  

t h e  l a c t a t i o n . S ome re s u l ts of  t he se  experi me n t s  a re s umma ri s e d  

i n  Tab l e  1 . 3 .  

Two expe r i ments i n  part i cu l ar were des i gne d to s tu dy 

s pe c i f i c a l l y  t h e  nature o f  th i s  res i d ua l e ffect . B ra s t e r  e t  a l . 

( 1 969 ) u s e d  80 F ri es i a n h e i fers to s tudy the  e ffe ct o n  mi l k  

p ro duct i on o f  two fi xed l eve l s  o f  i ntake a t  two s ta g e s  of  l actati on . 

Two l eve l s  of intake  were u s ed for weeks 1 -9 of  l actati on , and  the 

h e i fers were re - a l l o cated at random to thes e two l evel s for weok s  

10 - 1 8 .  

1 0  

Generous  feed ing  i n  weeks 1 - 9 i nc reas ed  the  current mi l k  y i e l d 

and had  a res i dua l  effec t  on  the wh o l e l actat i on y i e l d. Generous  

fee d i ng in  wee ks  10- 1 8  res u l ted in  a sma l l e r res pons e i n  cu rrent 

mi l k  y i e l d and h ad no res i d ua l  effect  i n  the rema i nder of the  

l ac tat i on .  



Tab l e 1 . 3  Res u l ts from exper i men ts by B ros te r , s h ow i n g  t h e  l os s es i n  to ta l l actati on mi l k  y i e l d fol l owi ng  

a reduct i on i n  early  l a ctati on y i e l d  d ue to i n adeq u a t e  feed i ng  ( From B ros te r , 1 972 ) . 

Experi ment  P e r i o d  o f  Unde rfe e d i n g  

( Weeks  from Ca l v i n g )  

B ros te r , Ri d l er  and  Foot ( 19 5 8 )  1 2  

B ros ter , Tuck and  B a l ch ( 19 6 4 )  
• 

8 

B ros te r  and  Tuck ( 196 7 )  8 

Bros te r ,  B ros ter a n d  Smi th ( 1969 ) 9 

B ros ter , B ros te r ,  Smi th and  S i v i te r  ( 19 7 5 )  8 

P ro d u c t i o n  Los s es ( k g mi l k )  

E ar ly  
Lactati on 

136 

4 5  

1 7 7  

16 1 

190 

F u l l 
La ctati on 

590 

1 8 1  

884 

5 3 3  

6 80 

Res i d ual  
E ffect  

3 . 3  

3 . 0  

4 . 0  

2 . 3  

2 . 6  

1-' 
1-' 



I n  wee k s  10 - 1 8 ,  those a n i ma l s wh i ch h ad enjoyed the more 

generous  leve l  o f  feed i n g  i n  wee k s  1 - 9  g a i ned les s l i vewe i g h t 

th a n  those  cows  th a t  h ad the poor  feedi ng  i n  weeks  1 -9 . Th i s  

s ugges ts th a t  the  cows wh i ch h ad been  bette r  fed i n  e a r l y  

l a cta t i o n cont i n ued to p a rt i t i on  mo re n u tr i ents t o  m i l k  a t  the 

expen s e  of body g a i n s , tha n  thos e  t h at  h ad pre v i ous l y  been  poo rly 

fed . I t  a l s o p ro v i des  a pos s i bl e e x p l a n a t i on fo r the  res i dua l 

e ffe cts on mi l k p roduc t i o n obta i ned from early  l a c ta t i o n  feed i ng . 

B ros te r e t  a l . ( 1 9 7 5 )  e xperi me n ted wi th s i x  e a r l y  l a c t a t i on 

fee d i n g  t re a tme n t s . F i ve gro u p s  o f  cows recei ved th e h i gh l e ve l  

o f  feed i ng from 0 ,  4 ,  8 ,  12 a n d 16  wee ks  afte r ca l v i ng . F rom the  

end o f  the p e r i o d  on  the  h i g h l e ve l ( H )  e a ch g roup  changed to the  

l ow l eve l ( L ) un t i l week 2 4  o f  l a c ta t i o n . Th us one group  s ta rted 

on  th e L l e ve l and others  j 6 i ned  i t  at th a t  l e vel at  i n terv a l s o f  

4 �ve e k s . The i mrne d i a te e ffe c ts o f  the  H mi n us  L l e v e l s o f  i n t a k e  
on mi l k  y i e l d i n d i c a t e d  a fal l i n  th e  i mme d i a te res p o n s e  o f  m i l k  

p ro d u c t i o n  to feed i n g as  th e t i me ham c a l v i n g was  e x te n d e d . 

The  H l e ve l s o f  feed i ng i n d u c e d  a b e n e fi c i a l  res i d ua l e f fe c t  on  

m i 1 k  p rodu c t i o n  1 a t e l" i n  l a cta t i on , toge th er wi th a r e d u c e d  
l i vewe i gh t  ga i n i n m i d l a c t a t i o n . E x te n s i o n o f  the H trea tme n t  

p eri od beyond week  f o u r  a fter  ca l v i n g  d i d  not  m u c h  i nc re a s e  t h e  

re s i d u a l  e ffe c t , confi rmi ng  th e e a r l i e r obs erva t i on b y  B ros te r  

e t  a l . ( 1 969 ) th a t  the  l e ve l  o f  fe ed i ng i n  th e fi rst  few wee k s  

1 2  

a fte r c a l v i n g  i n f l uences pe rforman ce o f  the  cow for th e rema i nder  o f  

t h e l ac t a ti o n . 

Johnson  ( 1 9 7 7 )  was ab l e  to obta i n a n  advan tage i n  to tal 

l actati on  y i eld as a res ul t  of  h i gher mi l k  product i o n i n  e arly 

l a ctat i on . Cows th a t  re cei ved h i g her all ocat i ons of concen trates  

i n  ear ly  lacta t i on  y i e l ded on a verage  about  500  k g  more mi l k  over  

the whole l ac t a ti on  th a n  cows wh i ch were al l ocated fi xed amo u n ts o f  

conce n trates p er day . 

concentrate . 

Al l cows re ce i ved the  s ame to tal amo u n ts o f  

Gleeson  ( 1970 ) al s o  obta i ned a res i dual effect from feedi n g  

addi ti o n a l  concen tra tes i n  wee k s  0-6  o f  l a c ta t i on  b u t  not  from 

a ddi t i onal feed i n g  i n  wee k s  7 - 1 2 . 



Other  experi men ts deal i ng w i th  the  effe cts of e a r l y  l actat i o n  

feed i ng  on  total  l a ctat i on y i e l d a re revi ewed by Gros te r a n d  

S tri c k l a n d  ( 1 9 7 7 ) . Not a l l e xpe r i men ts were ab l e  t o  s how a 

res i d u a l  e ffe c t  from extra fee d i ng  i n  ear ly  l a ctati on . B ro s t e r  

and  S tr i ck l a n d  ( 1 9 7 7 )  s pe c u l a te d th a t  an  ' u p per  l i mi t o f  n u t r i ti on ' 

i n  th e e a r l y  p o s t - pa rtum p e ri od , a b o ve w h i ch  res i dua l  a nd  c umu l ati ve 

effects do  not res u l t from var i a t i o n  i n  i n take , may e x i s t .  T hey 

p ropos ed t h a t  th i s  mi g h t  e x p l a i n th e apparent  d i chotomy of  res u l ts 

obta i ned . 

Th e r a t i ons  fed i n  many o f  th e above exper i ments g e n e ra l l y  

compr i sed of  a basa l  ra t i on o f  h ay a n d / o r  s i l a ge s u pp l eme n ted w i th 

con ce ntrates . Re cent ly  i t  h a s  been  q ue st i oned  h ow we l l  th e res u l ts  

of the s e  e xpe r i men ts can  be  e x trapo l a te d  to  s i tua t i ons  wh e re the  

dai ry cow i s  fe d on pas t u re fo r mos t i f  not a l l o f  th e l a ctati on . 

G l e e s o n  ( 19 70 ) note d  th a t  ca r ry - o ve r e ffects of  fee d i ng  i n  

ear ly  l a c tat i on w i th s p ri n g  c a l v i n g  cows were l e s s  t han  fo r a u t umn 

ca l v i n g  c ows . I n  h i s  expe ri me n ts cows we re fe d i ndoo rs on s i l a ge 

a l one o r  s i l a ge p l us con c e n tra te s  i mmediate l y  a fter c a l v i ng .  He  

1 3  

fo u n d  th a t  o n  g o i n g  t o  pas t u re the a n i ma l s fed s i l a ge a l one  re c o v e re d  
ra p i d l y  i n  b o t h  mi l k  p roducti on a n d  body we i gh t . B e c a u s e  the  s pr i ng 

ca l v i n g  cows went  to p a st ure e ar l i e r i n  th e i r l ac tat i on s  than  the  

au tumn ca l v i n g c ows , G l ees o n  fe l t  th a t  th i s  mi ght  e xp l a i n th e 

re duced ca rry - o ve r  e ffect . 

I n  further  e x p e ri men ts , G l ees on  ( 19 7 3 )  fed th ree l e ve l s  o f  

con cen t r a tes  p l u s  s i l a ge i n  the fi rs t e i ght  wee ks of l ac t a t i on  

over  2 yea rs . At  the  end  of  th e e i g h th week cows were  g ra zed on 

pas t u re a s  one  h e rd . Feed i ng h i g her  l e vel s o f  concen tra tes was 

found  to be advantageous  i n  earl y l actat i on . Howeve r , a n a l ys i s  of 

mi l k  y i e l d s  for  the rema i n de r  of th e l a ctat i on s howed no  a d va n ta ge 

to the cows t h a t  had  been fed h i gh l eve l s o f  concen tra te i n  t he  

f i rs t year  o f  th e expe r i men t ,  a n d  on l y  a s l i gh t  advan tage i n  t he  

s econd yea r .  

Go rdon ( 1 9 76 )  fed d i ffe ren t  to ta l amo un ts o f  conce n t ra te to 

g roups  of cows d u ri ng  the th ree mon th i n door feed i ng per i o d  

i mmedi a te l y  a fter  ca l v i n g .  Al l c ows  rece i ved t h e  s ame r a te o f  

• J 



concen tra te feed i n g i n  the fi rs t fou r  wee k s  o f  l a ctat i on  and  were 

then a l l ocated to th e d i fferen t  l eve l s  of fee d i n g . G raz i n g  

commen c e d  approxi ma te -l y  thre e  mon th s a fter c a l v i ng , and  there v{e re 

no  s upp l ements o f fe red d u ri n g  th e 

outputs d uri ng  th e i ndoor  fee d i n g  

a n d  o v e r  th e tota l l a c t a t i on 499 1  

graz i ng p e ri o d .  Th e mean m i l k  
- 1  pe r i o d  we re 2064 a n d  1 9 7 1  kg  c ow , 

- 1  a n d  4984 k g  cow fo r the h i gh a n d  

l ow con centrate g r o u p s  res pect i v e l y .  Th e re were no s i gn i f i ca n t  

d i ffe re n c e s  b e twee n  th e two gro ups  o f  cows  i n  mi l k  y ie l d d u r i n g th e 

p e r i o d  at  pas t u re . Gordon  s ugges te d th a t  a pos s i b l e  rea s o n  for 

the  a b s ence  of  a re s i d u a l  effect i n  thes e tr i a l s  was that c ows 

rece i ved the s ame l ev e l  of fee di ng i n  the f i rs t  four weeks  o f  

l acta ti  on . The o th e r· rea s o n  put  forwa rd w a s  that  res ·i d u a l  effe c t s  

a re reduced  wh en a n i ma l s  a re g r a z e d  at pa s tu re a fter a per i o d  o f  

u nde r feed i n g . 

Rece n t  e x p e r i m e n t s  i n  New Zea l an d  a n d  Aus tra l i a  h a ve a l s o  

f a i l e d to fi n d  a l a rg e  res i d u a l  e ffect o n  mi l k  y i e l d  from extra  

fee d i n g  i n  e a r l y  l a c tat i on , ( B l uet t ,  1 9 7 7 ; Gra i nger  and  W i l h e l ms , 

1 9 79 ; B ryant  a n d  Tr i g g , 1 9 79 ) . Al l cows i n  th ese  e x p e r i me n ts were 

fed o n  pa s t u re .  B l u e t t  ( 1 9 7 7 ) , e va l u ated  a l ea d e r- fo 'i l mve r g ra z i n g  

s y s tem where c ows  i n  th e l ea d e r  g roup , wh i ch h a d  b een o ffe red fre s h  

pas t u re � } i b it u�, p 1·od uced  mo re th a n  cows ( o f  a s i mi l a r s ta g e  o f  

l actat i on ) i n  th e fo l l ow e r  gro u p  wh i ch h a d  to graze t h e  res i d ue 

l e ft b e h i n d by the l ea d e rs . B l uett  fo u n d  n o  0e s i dua l  or carry - o v e r  

e ffe c t  i n  the pos t - e xp e ri menta l  per i o d . 

B rya n t  a n d  Tr i gg ( 19 79 ) , fo und o n l y  s ma l l  and  t r a n s i en t  l os s es 

i n  s ub s eque n t  prod u c t i o n from dai ry c ows o f fe re d res t r·i c te d  amo un ts 

of  pas tu re a fter c a l v i ng . One of  each s e t  o f  9 s ets o f  i de n ti ca l  

tw i ns was re s tr·i c ted  i n  i n take for s i x week s  a fter ca l v i ng s u ffi c i e n t  

to l os e  62  kg  of l i vewe i g h t  wh i l e  h e r  mate g a i ned  a smal l amo unt  o f  

l i vewe i gh t .  Dry matter i ntake a n d  m i l k  prod u ct i on were 48% and  40% 

le s s  res pect i vely for the res tri cted cows . From th e s i x th wee k  

a fter c a l v i ng cows were returned t o  th e s ame level  of  fee d i ng . 

By the e i gh tee nth week  o f  la cta t i on  d i fferen ce s  i n  fa t and  pro te i n 

14 

y i eld  between the two groups  of cows h a d  d i s appeared . E nergy b a l a n ce 

s tud i e s  on  these cows i n  weeks 8-18 o f  l ac ta t i o n  i nd i cated  



tha t  p a rt i t i on i ng o f  metabo l i zabl e ene rgy ( ME )  to mi l k  p rod uc t i on  

was a l tered by under  n u tr i t i on  i n  ear l y l ac t a ti on . The cows wh i ch 

h ad  been bette r fed i n ear ly  l a ctat i on  l a ter converte d mo re 

d i g e s t i b l e ene rgy to ME , d ue to sma l l e r l os s es  of energy as  ur i ne  

a n d  me th ane than  cows  wh i ch had  been  o n  t h e  l ower l eve l s  o f  feed i n g  

i n  e a r l y  l a cta t i on . Howe ve r the  ene rgy g a i ned amounted o n l y  to  

th e equ i v a l e n t  o f  5 7 g  o f  mi l k fa t  day- l 
Di fferences b e tween 

tre a tmen ts i n  cow l i vewei gh t had a l s o  d i s appeared  by week 1 2 . 

I n  a s econd e xp e ri me n t , ( B ryant  a n d  Tr i gg , 1979 ) fi ve g roup s  

of  1 2  cows th a t ,  on  a ve ra g e , h a d  ca l ved 30  days earl i e r were g i ven 

th e fo l l ow i n g g ra z i n g  treatme n ts o ve r  a p e ri od  of  26 week s . A 

con t ro l  g roup was  we l l fed th ro ugh out  ( a da i l y  h e rbage a l l owance  

o f  44-55  k g  DM cow- 1 ) ,  wh i l e  other  groups  were offered res tri c te d  

graz i ng  dur i ng  wee k s 1 - 3 ,  1 - 6 , 7 -9 o r  7 - 1 2  s o  as t o  red u ce da i l y  

dry matter i ntake  by about  20% . Week 1 was  the fi rs t week  o f  the  

experi men t , no t th e fi rs t week  o f l a cta t i on . Th e redu c t i on i n  

y i e l d o f  mi l k  a n d  i ts con s t i tue n ts wi th i n  ti mes of  res tr i ct i o n  was 

cons i s tent ly  h i gh l y s ign i fi can t ,  b u t  re s i d u a l  e ffects on mi l k  

p roduc t i on , from when  res tr i c ted  fee d i n g  cea s ed unti l the e n d  o f  the  

tr i a l , v1ere sma l l and  not  s i g n i fi cant . 

of  
of 

Gra i n ge r  and W i l h e l ms ( 1 9 79 ) , o ffered c ows d i ffe ren t  amoun ts 

pas ture 

feed i ng 

and  

over  the  fi rs t 10 wee k s  o f  l ac ta t i on . 

v1e re : 

( 1 ) 

( 2 ) 

ad  l i b i tum pa s t ure i n take  
- 1 - 1 7 k g  OM i n tak e  cow day 

The two l e v e l s 

( H i gh ) ( H ) 
( Lmv )  ( L )  

Th ese  tre a tmen ts were us ed factori a l l y  fo r wee k s  1 - 5  a n d  

1 5  

5 - 10  o f  l actat i on . The e ffec ts of  f i ve wee k  peri ods o f  unde rfeed i ng 

on mi l k ,  mi l k fa t  a n d  m i l k  prote i n y i e l ds were eq ua l  a n d  add i ti ve 

over the f i rs t 10 wee k s  of  l a ctat i on . The H L  and  LH g roups o f  cows  

produced 1 1  k g  l es s  and  th e LL  g roup  2 2  kg  l es s  m i l k fa t  than th e 

HH g roup . F u l l l a ctat i on mi l k fa t  y i e l ds were 1 3 3 , 1 1 3 ,  1 2 3  a n d  

9 0  k g  mi l k fa t  c ow- l  fo r HH , H L ,  LH a n d  LL res pect i ve l y .  ( LS D = 1 1 . 2) . 

Res i du a l  e ffects  o f  o n l y  0 . 7  a n d  1 . 0 ti mes  t h e  i mmedi a te e ffe ct  o n  

mi l k fat  y i e l d o c c urred a s  a res u l t o f  u n de r feed i ng i n  t h e  fi rs t f i ve 



o r  ten  weeks o f  l ac ta t i o n  res pecti ve ly . Des p i te th e s ta ti s t i ca l l y  

s i gn i fi cant  effects  o f  under-feed i ng i n  e a r l y  l acta t i on  o n  the 

who l e l actati on mi l k  y i e l ds , the  experi men t  fai l ed to fi n d  res i du a l  

e ffec ts o n  mi l k  y i e l d as  l a rge as  tho s e  fo und  i n  o th e r  exper i men ts , 

( B ros te r ,  1 9 7 2 ; F l ux  a n d  Patch e l l , 1954 ; 1-Ja l l a ce , 1 95 7 ) , 

( s ee Tab l es 1 . 2  a n d  1 . 3 ) .  

S umma ry 

The mi l k  y i e l d o f  the da i ry cow i s  mos t res pons i ve to  ch a nge s 
o f  i n take  i n  ea r l y  l a c ta t i on ( B ro s te r  et  a l . ,  1969 ; B ro s te r  et  a l . ,  

1975 ) . As wel l as  the  i mmedi a te effe c t  on  mi l k  yi e l d c a u sed  by 

changes i n  i n take , th e re a re many experi ments wh i ch h a ve fo und  a 

' re s i dua l effect ' f rom e a r l y  

l acta t i on y i e l d .  ( F l u x  a n d  

B roster et a l . ,  1 9 5 8 ; 1969 ; 

l a cta t i on  fe edi n g  on  the who l e  

Patche l l ,  1954 ; Wa l l ace , 1 9 5 7 ; 

1 9 7 5 ) . 

Recen t expe r i me n ts i n vo l vi n g cows fed o n  p a s ture , s ugges t 

that  the  res i d ua l e ffec t  from s eve re res t r i c t i on of pa s t ure i n take 
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i n  ea 1� 1y  l a cta t i on  may b e  sma l l ( B l uett , 1 9 7 7 ; Gra i n ger  and W i l h e l ms ,  

1 9 79 ; B ryant  and  Tri gg , 19 79 ) . Re s earch  i n  I re l and h a s  s ugges ted  

th at the ab i l i ty o f  cows to  re cover  from poor  ear ly  l a ctat i o n  fee d i n g  

i s  enhanced when they a re grazed  o n  pas t u re a fter  t h e  p e r i o d  o f  

unde rfeed i n g ( G l ees on , 1 9 7 3 ; Go rdon , 1 9 7 6 ; 19 7 7 ) . Th ·i s i s  i n  
c o n t ra s t to e a r l i e r gra z i n g  experi men ts by F l ux  and  Patche l l  ( 1 9 5 4 )  

a n d  Wal l ace ( 19 5 7 ) . 

Th e reasons  fo r the con tras t i ng  res u l ts b e tween the  ear l i e r  

a n d  l a te r experi ments  a re not  appa re n t .  S ome pos s i b l e  fa ctors 

cou l d be  due to d i ffe re n ces i n  c a l vi n g  cond i t i o n , th e potenti a l  mi l k  

y i e l d  of cows i n  e a r l y  l a ctati on , a n d  the l e v e l  o f  feed i n g i n  th e 

pos t-experi menta l  per i o d . B ryant  and  Tr i gg  ( 19 79 )  s ugges t th at  i f  

res i d u a l  effects f rom u n de rfeed i n g  i n  e a r l y  l actat i on a re smal l ,  

then  cons i de rab l e  f l e x i b i l i ty i n  the  man a geme n t  of  feed s up p l y  i n  

e a r l y  l a c ta t i on  may b e  pos s i b l e .  



1 . 1 . 4 The  E ffe c t  o f  Level  of  Feed i ng o f  the 

D a i ry Cow on Mi l k  Compos i t i on 

1 . 1 . 4 . 1  Pre - Partum Leve l  of  Feed i ng a n d  Mi l k  Compos i t i o n . 

Lees  e t  a l . ( 1948 )  and  Campbe l l and  F l ux  ( 1948 ) b o th found  

tha t  the fat  percentage  of mi l k  p roduce d  i n  ear l y l a ctat i on was 

depre s sed  by very l ow pre- partum p l anes  of n u tr i t i on . F l u x  ( 1 9 50 ) , 

and  H utton  a n d  Parke r ( 1 9 7 3 ) s h owed tha t  th e s o l i d s-not- fa t 

percen tage was  depre s s e d  a s  wel l a s  m i l k fa t  perce n tage by l ow l eve l s  

of feed i ng p r i o r  to c a l v i ng . B l a x ter ( 1944 )  o b s e rved th a t  mi l k fa t  

pe rce n tage  was i n crea s e d  b y  mo re generous  feed i ng be fo re c a l v i ng .  

B ros ter ( 1 9 7 1 ) , i n  a rev i ew o f  the  s ub j e c t , conc l udes th a t  under­

fee d i ng b e fo re c a l v i n g reduced  b o th th e mi l k fat  and  s o l i d s - no t- fa t 

perce ntages  o f  mi l k  pro duced i n  e a r l y  l a ctat i on . 
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As d i s c us s ed pre v i o u s l �  i t  i s  a p pa rent th a t  a p re-pa rtum l e vel  

of  feed i ng i s  mos t l i ke l y  to e xe r t i ts i n fl uence on mi l k  p rodu c t i on 

and  compos i t i o n th ro ug h  i ts effect  on  body c ond i ti on  a t  c a l v i n g .  

Da venport a nd  Rakes  ( 1 969 ) , Rogers , G ra i nger  a n d Ei:lr l e ( 19 7 9 ) , 

Gra i n ger , W i l he l ms and  McGowan  ( 1 9 7 8 ) , a l l cons i s ten t l y  s h owed th a t  

mi l k  from cows that  c a l ved i n  heav i e r cond i ti o n  h a d  a s i gn i f i c a nt ly  

h i gher  fa t co nc e n tr a t i on , a n d  a s l i gh tl y  l owe r p rote i n concentra t i o n ,  

t hroughout  l a ctat i on than  m i l k  f rom cows th a t  ca l ved i n  l i g h te r 

con d i t i on . 

1 . 1 . 4 . 2  Feed i ng i n  Ea r ly Lacta t i on a n d  Mi l k  Compos i t i on .  

I t  i s  w i de ly  reco gn i s e d  th a t  th e energy and  prote i n i n take  

of  the da i ry cow  dur i n g  l ac ta ti on h a s  a marked  e ffect upon  mi l k  

compos i ti on .  I n  the s ho r t- te rm a s udden  reduct i on i n  i n take  w i l l  

l ead  to a d e c re a s e  i n  m i l k  y i e l d ,  a n  i n c rease  i n  mi l k fa t perce n tage  

and  a decreas e  i n  s o l i ds - not- fa t perce n ta ge . Th i s  ha s  been  s h own  

to  occur  i n  res pon se  to  underfeed i n g  fo r one day  ( Munford et  a l . ,  

1 964 ) , fo r 5 - 10 days ( F l u x  and  P a tche l l ,  1957 ) o r  for u p  to ten  

week s , ( F l u x  and  Patche l l ,  1 9 54 ; G ra i nger  and  W i l h e l ms , 1 9 79 ; 

B ry a n t  and Tr i g g , 1979 ) . B ryan t ( 1 9 7 9 ) , s umma r i s e s  the  e ffec ts o f  



vary i n g  the l eve l  o f  feedi ng  o f  d a i ry cows on  the i r mi l k  compos i t i on 

from 14  experi me n ts i n vol v i ng s ome 300 cows . The res u l ts s ugge s te d  

th a t  a 5 0 %  red uc t i on  i n  i n take  i n creases  t h e  fa t con te n t  by a bout  

0 . 4  u n i ts , a nd  decrea se s  the  conte n ts o f  prote i n by 0 . 3  un i ts a n d  

of  l actos e by 0 . 1  u n i ts . 

S ome researchers have  n o te d  th a t  ra i s e d  mi l k fa t  percentages  

due  to unde rfeed i ng a re norma l l y  a s s o c i a te d  w i th peri o ds when mi l k  

yi e l ds a re a l s o  depre s s ed , a nd  there i s  l i tt l e re s i d u a l  effect  once  

no rma l fee d i ng res umes ( F l ux and  P a tche l l ,  1 954 ) . HO\'ie ver  o th e r  

experi ments ( Gra i nge r· a n d  W i l h e l ms ,  1 9 7 9 ; B ryant  a n d  Tr i gg , 1 9 79 ) , 

h ave found th a t  m i l k fa t  perce n tage  wh i l e  s i gn i f i cant ly  i n crea s e d  i n  

the s ho rt- te rm becau s e of underfeed i ng ,  may b e  s i  g n i  fi  c ant ly  

depre s s ed once  no rma l feed i ng res umes . I t  a ppears tha t  p ro l onged 

unde rfeed i n g wi l l  e ve n tua l l y  res u l t  i n  a fa l l i n  mi l k fa t  pe rce n ta ge .  

( s e e  a l s o  r-e v i ew by Ki rchgne s s e r  et  a l . ,  196 7 ) . 

S tobbs  and  B re t t  ( 19 7 4 )  e xami ned  th e effect  of th ree l eve l s of  

i n ta ke on  mi l k  y i e l d  a n d  mi l k  c ompos i t i o n .  A reducti on  i n  ene rgy 
i n take  caused  nri l k  y i e l d to dec l i ne ,  a n d  as mi l k  y i e l d fe l l m-i l k fa t  
percen tage i n creas e d . 

Other res e a rchers have  fo und  th at  th e p ro tei n conce n trat i on o f  

mi l k  i s  ra i s ed by i n creased  l eve l s  o f  d i etary ene rgy ( Go rdon  a n d  

Forbes , 1970 ) a n d  decre a s e d  b y  re duced l e ve l s o f  d i etary ene rgy 

( F l ux a n d  P atc h e l l ,  1 9 5 4 ; B ryant  and  Tr i gg , 1 9 79 ; Gra i nger a n d  

W i l h e l ms , 1 979 ) . Mi l k  prote i n content  a ppears t o  be very s ens i t i ve 
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t o  v a ri at i o n s  i n  e n ergy i n take , b u t  n o t  s o  s e n s i ti ve t o  v a r i a t i ons  i n  

prote i n  i n take  ( G reenha l gh ,  1 969 ) . P aquay e t  a l . ( 19 7 3 )  found  th a t  

i n creases  i n  p ro te i n i n take  d i d n o t  neces s a r i l y  i n crease  mi l k  o r  

mi l k  protei n y i e l ds , a n d  tha t  h i gh l eve l s  o f  d i e ta ry N i n take 

enhanced u ri na ry N l os s es . Recen t  evi dence  h a s  s ugge s te d  that  th e re 

i s  a n  i mportant i n teract i on b e tween both d i e ta ry energy and  p rote i n ,  

and  the  mi l k  y i e l d a n d  mi l k  compos i t i on o f  the  cow ( B ro s te r  and  

O l d h am , 1 9 7 7 ) . U ti l i za t i on o f  h i gh l e ve l s o f  d i etary N for mi l k  

product i on wi l l  b e  dependent  u pon  the a v a i l ab i l i ty of d i e ta ry ene rgy . 

I t  appears tha t the  decrease  i n  p rote i n content  of  mi l k  p roduced  by 

cows res tri cted i n  pa s t u re i n ta k e  i s  l i ke l y  to be a funct i on of b o th 

'-. 



d i etary energy a nd  p rote i n res tri ct i on . 

As we l l a s  th e q ua nt i ty o f  h erb age eaten a nd  i ts e ffec t  on  

m i l k  compos i t i on there are p rob a b l y  effects on mi l k  compos i t i on 

c a u s e d  by t he  q u a l i ty of  the  h e rbage  cons ume d . The effe cts of  

d i ffe re n t  p a st ure s peci es  on  mi l k  compos i t i on ( e . g .  l ower  mi l k fa t  

contents  c a u sed  by g ra z i n g  Manawa c .  f .  Ru anu i , B ryant  1 9 79 ) , wou l d 

s ugges t that mi nor c h a n ges  i n  the chemi ca l  compos i t i on of  the 

h e rbage  s e l e c te d  b y  th e c ow may h ave s ome effec t  on the mi l k  

compos i t i on .  However the re are d i ffi c u l t i es i n  s eparat i ng  the  

e ffe c ts of  q u a l i ty a n d  q u a n t i ty of feed cons umed beca u s e  a cow may 

h a ve a l ov; i n take  anyway , i f  p res ented  w i th food of  l m-.' qua l i t y . 

H e rbage  s e l e c ted by g ra z i n g  a n i ma l s h a s  been s h own to h ave a 

cons i s te n t l y  h i g h e r  d i ges t i b i l i ty and  c rude pro te i n content  and  a 

l ower c rude fi b re content than  a n i ma l s offered the  s ame herbage  

w i th out  the  o p portun i ty to s e l e ct  ( Combe l l a s and  Hodgs on , 1 9 79 ; 

Greeh a l gh  et  a l . ,  1966 ; S tobbs , 19 7 7 ) . Th ere may b e  s o1ne 

a l terat i o n to mi l k  compo s i t i on caus ed by the fi b re or c rude p ro te i n  

compos i ti on o f  the  d i e t ,  wh i ch i s  i n dependent  o f  th e q ua n t i ty o f  

h e rb a ge con s ume d . 

,u, s um'11a ry of  th e effects o f  re s t r i c t i n g  h erbage a l l m'ia n ce o n  

mi l k  compos i t i on wou l d s u g ges t that  h i gh g ra z i ng  i n tens i t i es wou l d 

be  expected to depre s s  mi l k  y ·i e l d ,  ·l owe r the  mi l k  pro te i n a n d  

l a ctos e conce n t rat i ons a n d  i n c rea se  t h e  fa t con centra t i on  of mi l k  

( S tobbs , 1 9 7 7 ; B ryant and  Cook , 19 7 7 ; Greenha l gh e t  a ·l . ,  1 966 ) . 
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1 .  2 . 1  

1 . 2  F a ctors Affec t i ng  th e H e rb a ge I n take 

of Gra z i ng  Rumi n a n ts 

An i ma l  F actors Affe c t i ng Pas t u re I n take  

Th i s  rev i ew i s  concerned  wi th s ome o f  t h e  fa c to rs 

a ffe ct i ng  v o l u n ta ry i ntake  of  g ra z i n g  an i ma l s s uch  as  th e effe c t s  

of l ac t a t i on , mi l k  y i e l d ,  b o dy condi t i o n , s i ze a n d  b ree d . 

Con ven t i ona l  theori e s  o f  appet i te contro l  i n  housed  a n i ma l s 

pos t u l a te th at  food i n tak e  may b e  l i mi ted e i t h e r  by the  

con c e n t ra t i on of  me tabo l i te s  i n  the  b l oods tream , o r  by  the  vo l ume 

of cl i ge s ta i n  the a l i mentary tract , B a l ch  a n d  Camp l i ng ( 1 96 9 ) . 

The upper  l i mi t  of n u tr i e n t  i n take  i s  s e t  by the rate a t  wh i ch 

me tab o l i tes c a n  b e  remo ved  from c i rcul a ti on and/or  the d i s te n t i on 

of  th e a l i me n ta ry t r a c t . Th e rate at wh i ch me ta b o l i t e s  w i l l be  

remo ve d from the ci rcu l at i on  w i l l  be re l a te d  t o  th e e n e rgy 

dema n d  o f  the a n i ma l  , i n  t he  c a se  of the  da i ry C 0\"1 i ts 

req u i remen ts f o r  l a c t a t i o n , t i s s u e depos i t i o n a nd  ma i n te n a n c e . 

Under  g ra z i n g  c o n d i t i o n s  a furth e r  potent i a l l i m i tat i o n  to i n t a k e  
rel a ted  t o  t h e  a b i l i ty of  the  a n i ma l  to  s us ta i n  g ra z i ng  a c t i v i ty 

under  d i ffi c u l t swa rd cond i t i o n s mus t b e  cons i dered . 

I n  genera l , th e phys i o l o g i ca l  s ta te of  a n  a n i ma l  w i l l  

i n fl uence  i ts dema n d  f o r  e n e rgy ( B i nes , 1 9 76 ) . For  a ny an i ma l 

a t  a ny one  t i me i ts ene rgy dema nd  depen d s  upon  the  i n te rac t i ons  

among  genotype , body s i ze ,  fatnes s , th e poten t i a l  energy l os s  

d u e  t o  l ac tati on , energy e xpend i ture i n  e xe rc i se  an d g raz i ng , a n d  

expen d i ture  i n  coun teri ng  c l i ma t i c effe c ts . Some d ata  u sed  by 

Hodgs o n  ( 19 7 7 )  to i l l us trate  th e e ffec ts of age , p regnancy and  

l a c t a t i on  on  the  i ntakes  o f  da i ry s tock  re l a t i ve to th e i r l i ve­

we i gh t s  are  g i ven i n  Tab l e 1 . 4 .  
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Tab l e  1 . 4  

Peri o d  

Ani ma l Cl a s s  

Wei gh t  o f  H e rbage  
( kg OM  ha- 1 ) 

/ Di ges t i b i l i ty o f  
H e rbage ( OMD% ) 

Herbage I n take  
( g  OM  kg  Lw- 1 ) 

The h e rb age i n ta kes  ( g  organ i c  matter k g  LW- 1 )  o f  l actat i ng  cows ( L C ) , p regn a n t  

h e i fe rs ( H )  a n d  ca l ves ( C ) g raz i n g  peren n i a l  rye g rass  swa rds vary i ng i n  we i gh t  a n d  

ma tu ri ty .  ( F rom H odgs o n , 1 9 7 7 )  

1 I I I I I  S E  o f  di ffe rence  

LC  H c L C  H c L C  H c betv1een  
An i mal  C l a s s es 

2880 6 340 8240 

7 8 . 1 7 1 . 8  64 . 6  

30 . 2  1 5 . 6  24 . 9  36 . 2  20 . 4  2 7 . 8 24 . 8  16 . 0  2 5 . 9  1 .  1 3  ( p < 0 .  00 1 ) 

N 
....... 



The l actati n g  cow , w i th i ts h i gh ene rgy l os s  th ro ugh mi l k  

p roduct i on , mi gh t be  e xpected to h a ve a h i g h e r  food i n ta ke  than 

a s i m i l a r non - l a ctati n g  cow under s i mi l a r feed i ng co nd i t i on s . 

H u tton  ( 196 3 )  was  a b l e to s h ow th i s  i n  a n  i ndoo r feed i n g  e xperi me n t  

us i n g th i rteen s e ts of  i de nt i c a l  tw i ns , e a c h  p a i r compri s i n g o n e  

l a c ta t i n g  and  o n e  d ry a n i ma l . The  l a ctat i ng  twi n  s tead i l y  

i n c re a s e d  i ntake from c a l v i n g s o  that  i t  w a s  cons umi n g  5 0 %  mo re th an  

i ts no n - l a c tat i n g  twi n  s i s te r  b y  th e fi fth mo nth of l ac ta ti on . Th e 

s tudy s h owed a l a g i n  the re s po n s e  of  food i n ta ke  to the i n crea sed  

ene rgy dema n d  of  l a ctat i on . Peak  m i l k  y i e l d was  rea c h e d  i n  the 

s i xth week of l a ctat i on , w h i l e  peak i n take was o b ta i ned  15 weeks 

l a ter . I t  i s  not  c l e ar  why food i ntake i n  e a r l y  l a ctat i on cannot 

prov i de fo r th e ene rgy output  i n  mi l k . Tu l l oh ( 1966 ) s howe d  that 

a g ra d ua l  e n l argement  of the a l i men ta ry tract occ urs afte r  

pa rtur i t i on , and  th i s mi ght  e xp l a i n the del ay i n  the i n crea se  i n  

i n ta ke  f rom : ca l v i ng . Anoth e r  pos s i b i l i ty i s  that  the rate o f  

me tab o l i �m i n  b o t h  th e rumen and  body t i s s ues ta kes  t i me to adapt  

a fte r ca l v i ng  to the i n creas ed  dema n d  for  n u tr i ents , a l though  there 

i s  no  exper i menta l ev i dence for th i s  ( B i nes , 19 76 ) . 
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H a ncock  ( 1 954 ) a s s oc i a te d  d i fferences i n  g ra z i ng  t i me between 

s ets  of i de nt i ca l tw i ns , wi th the i r d i ffe ren ces i n  s i ze and  fat 

corrected  mi l k  p roduct i on . H e  s ugges ted the fo l l ow i n g  re l a t i ons h i p :  

produc t i ve c a pac i ty ] 
g rowth capa city -..:; g raz i ng ti me 

ma i n tenance req u i rement  

� fe e d  i n take  

L a te r  s t ud i es  wh i ch h a ve mea s u red pas t u re i ntake of  g raz i ng  

and  s ta l l - fed cows , have  used  mu l t i p l e  re g res s i on ana l y s i s  to  

part i t i on th e var i a nce i n  ene rgy i n take  between l i vewe i g h t  

( ma i n tena n ce req u i rements ) , a n d  th e var i ous fo rms of  p roduc t i on 

( \tJa l l ac e , 19 56;  Wa l l a ce , 1 96 1 ;  H u t ton , 196 2 ; Cu rran and H o l mes , 

19 70 ; B ros te r  a n d  Al de rman , 1 9 7 7 ) . Fat  corrected mi l k  p roduct i on  

and  cow  l i vewe i gh t  h ave both been  fo und to be  s i gn i fi c a n t  va ri ab l es 

for u s e  i n  p redi c t i ng  d ry matter  i n take  of  graz i ng  cows . H owe ver 

there are  p rob l ems a s s oc i ated  w i th p red i ct i n g  i n take by us i n g  th i s  
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approach . B i nes  ( 1 9 76 ) s ugge s ts  that  predi ct i on  eq ua t i o n s  fo r 

food i nt a k e  a re , a t  bes t ,  o n ly  genera l i zat i ons . One p rob l em i s  

tha t  i nt a ke  l a gs beh i n d  p rod uct i on ( H utton , 1963 ) . Add i ti ona l l y  

changes  i n  l i vewe i g h t h a ve to b e  taken  i n to a ccount  i n  a pred i c t i o n  

mode l  a n d  there are i nherent  e rrors  i n  t h e  mea s u rement  o f b oth 

l i vewe i gh t  and  i ntake . The p red i c t i on  mode l s a l so  a s s ume i n ta ke  to 

be the depen den t va ri a b l e ,  but  mi l k  y i e l d mi gh t be con s i d e re d  to b e  

t h e  more a p p ro p ri ate  depen den t v a r i ab l e .  M i l k  y i e l ds a re depen d e n t  

on  energy s upp l y , a n d  i n  s ome fee d i n g  s i tuat i ons  ( i .e . l ow e n e rgy 

dens i ty ra t i on s ) b u l k may l i mi t the i n take  o f  ene rgy a n d  t h e refo re 

mi l k  p roduct i o n w i l l  b e  l i mi ted . I n take wi l l  be a l te re d by 
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n umerous c h a racter i s t i cs  o f  th e fee d  o ffe re d ( e . g . herb a g e  a l l owance , 

% green  mate ri a l  i n  a sward , d i ge s t i b i l i ty ) a n d  mi l k  y i e l d i s  a mo re 

eas i l y meas u re d  v a r i ab l e  tha n i nt a ke . 

Mon te i ro ( 19 7 2 )  has  deve l o p e d  a mo d e l  w h i ch  takes  a c c o u n t  o f  

wei gh t c h a n g es , s ta g e  o f  l a cta t i on  and  de l ays i n  res po n s e  o f  foo d  

i n t a k e  t o  prev i ous  changes  i n  b o th mi l k  y i e l d a n d  l i vewe i g h t .  
There i s  a l s o  s ome a ccount  of  the  rat i on  compos i t i on .  T h e s e 
p red i ct i on  e q u a t i on s , de s p i te th e i r i na de q u a c i e s , h ave s ugges ted  t h a t  
t h e  l a rg e r  a n d  fue h i g he r  y i e l d i n g  cow mi g h t  be  e xpe cted to eat  mo re 

th a n  th e l ower y i e l d i n g a n d s ma l l e r cow . 

Th e re i s  s ome s ugges t i on th a t  cow a p pe t i te may b e  a n  i nhe ri ted  

c haracte r i s t i c ( B i ne s , 1 9 76 ) . A c ow w i th a l ow appe t i te re l a t i ve 

to h e r l i vewe i g h t  c a n n o t  p roduce  a h i gh y i e l d  of  mi l k  u n l e s s  s h e  i s  

an  e ffi c i e n t  conve rt e r  o f  food i n to mi l k .  L i kewi s e a cow th a t  h a s  

a l a rge a p p e t i te may u s e  t h e  ene rgy i t  cons umes e i ther  t o  prod uce  

mi l k  o r  to p rod uce b ody ti s s ues . I t  may not  necessar i l y  b e  a h i gh 

mi l k  pro d uce r i f  i t  u s es cons umed e n ergy fo r th e l atte r .  I t i s 

l i k e l y  th a t  the  con t ro l  mech an i s ms fo r the pa rti t i on i n g  o f  ene rgy 

a re i nh e r i ted , a s  i s  a ppeti te , a n d  i n vest i gat i on s  are unde rway i n  

B r i tai n a n d  a t  Mas s ey U n i ve rs i ty l oo k i ng a t  thes e a spects o f  da i ry 

cow prod uct i v i ty .  

T here i s  a l i m i ted amo unt  o f  e v i dence to s ugges t t h at  th e 

h i gher  the y i e l d pote n t i a l  o f  the  cow the  g re a ter  i s  t he  o u tput  o f  



mi l k  from a g i ven  amo u n t  of  food ( B ros ter and  Al de rman , 1977 ; 

H i nd ,  1 9 79 ) . At Mas s ey U n i vers i ty ,  i n  a sma l l p i l o t s tu dy ,  th e 

pa s t ure i n takes  of  s ta l l fe d h i gh a n d  l ow p ro d uc i n g cows we re 

me a s u r e d  ( D a v ey and  H o l me s , 1 9 78 ) . H i gh p roduc i n g  cows a te mo re 

th a n  l ow p ro d uc e rs when g i ven  un res tr i cted a c c e s s  to p a s t u re , b u t  

a t  the  s ame t i me they req u i t'e d l e s s  d ry ma t t e r  t o  prod u c e  a l i tre 

of  mi l k .  Th i s  s ugges ts  that  the c ows s e l e c t e d  as l ow p ro d u c e rs 

d i rected mo re o f  t h e i r feed ene rgy to b ody t i s s ue ,  o r  h a d  h i g her  

ma i n tenance  req u i rements  th an th e h i g h  p rod u ce rs . E x pe r i me n ts i n  

the U . K .  ha ve s hown t hat  s e l ect i on  of  cows fo r i n c rea s e d mi l k  y i e l d 

a p pe a rs to h a ve l e d to i n c re a s e s  i n  food c o n s ump t i on , a n d  th e 

effi c i ency of c o n v e rs i o n o f  that  foo d  to mi l k  ( H i n d ,  1 9 79 ) . 

T h e  a t temp t s  to p re d i c t  pas t u re i n t a k e  from the e n e rgy dema n d  

of  t h e  an i ma l , h a ve i n d i cated  th a t  th e two are genera l l y  re l a te d .  

However , th e re a re p rob l ems as s o c i a te d  wi th s uch re l a t i o n s h i p s , 

d ue to t h e  i n a c c u ra c i es  o f  me a s u r i n g  the i n take o f  the g ra z i n g  
a n i ma l  a n d  b eca u s e mi l k  p ro d uc t i on may be s up po r t e d  b y  t i s s ue e n e rgy 
re s e r ve s . Di ffe r e n c e s  i n  the  e ffi c i e n cy of  con v e rs i on o f  fo od to 
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m i l k  b e tw e e n  c ows may c o mp l i c a te the re l a t i o n s h i p .  The  i mp l i c a t i o n s  

o f  t h e  s e l e c t i o n  o f  c ows wh i ch a re h i gh mi l k p ro d u c e r s  a n  t h e i r 
e f fi c i e n cy o f  c o n v e rs i on o f  p a s t u re to mi l k , a n d  t h e i r a p p e t i te s , i s  

a s ub j e c t  i n  wh i ch mo re i n f o rma t i o n i s  req ui red . S tud i es a t  
Ma s s ey Un i v e rs i ty a n d  R u a k u ra A g ri c u l t u r a l  Re s e a rch C e n tre 

i n v e s t i g a t i n g  t h e s e f a c t o rs a re u n de rway . 

A n o th e r  i mp o r ta n t  f a c to r  i n  d e te rmi n i n g th e e n e rgy demands  o f  

a n  an i ma l  a p pe a rs to b e  i ts body c o n d i t i o n .  B i n e s  e t  a l . ( 19 6 9 ) 

fo und  that  th i n  cows w i l l  cons ume about  20% more o f  a h i gh conce n t rate 

d i e t  du r i n g  5 h o u rs acce s s to food , than the  s ame cows when fa t .  

Gra i n oe r , W i l h e l ms and  McGowan ( 19 78 )  fo und  th a t  cows wh i ch c a l ved  i n  

poor cond i t i on , ate more p a s ture i n  the fi r s t  fi ve wee k s  o f  l actat i on  

than  cows that  had  ca l ved  i n  good  cond i t i on . At th e s ame t i me th e 

th i n  cows p roduce d  l es s  mi l k ,  a nd  l os t  l es s  l i vewe i ght , i n d i cat i n g  

th a t  the pa rt i t i on  of  energy towards  body res e rves  was favoured . 

Arno l d ( 1970 ) noted that  the re a p pea red to b e  a s tron g  

negat i ve re l at i onsh i p  b e tween  body cond i ti on  and  pas ture i n take  i n  



s h ee p . He  s uggeste d  that  body condi t i on i s  p rob ab l y  a b e tte r 

i nd i c a to r  of energy demand  th a n  l i vewe i gh t  i n  the matu re an i ma l , 

as  d i fferences i n  l i vewe i gh t  amo n g s t  matu re a n i ma l s may refl ect  

d i f fe re n ce s  i n  s ke l eta l  body s i ze .  Th i n  s heep  g ra z i n g  w i th fat 

s h ee p  make compe n s a to ry gai n by i n creas i n g i n take  by up to 20% o r  

more o n  a p e r  u n i t  l i vewe i g h t  ba s i s  ( Al l den , 196 8 ) . As th i n  

gra z i n g  an i ma l s  b ecome fa t , i n ta k e  decreases  ( Arno l d ,  1 970 ; B i nes , 

1 9 76 ) . 

1 . 2 . 2  P a s t u r� Facto rs Affe c ti ng the Vo l u n ta rx 

He rbage I n take of G ra z i ng Rumi nants 

1 . 2 . 2 . 1  I n trodu c t i o n  

I n  genera l  ma ny o f  t h e  pas t ure fa ctors th a t  a ffe c t  p a s t u re 

i ntake by the g raz i ng  a n i  ma 1 a re not  vve 1 1  unders tood , fo r two 

pri n c i p a l  reas ons  as s ug ges ted by Hodgs on  ( 1977 ) : 

( 1 )  The  di ffi c u l t i e s  a s s o c i ated i n  me as ur i n g  pus ture 

i n take by th e g ra z i n g  an i ma l , 

( 2 )  d i ffi c u l t i es i n  de s c r i b i ng  the pas t u re c h a ra c ter i s t i cs  

to w h i ch an i ma l  i n take  i s  s e ns i t i ve .  

H e rbage  i n take by the  g ra z i n g  r umi nant  w i l l  no t o n l y  be  a 

res pon se  to a p pet i te , b u t  �v i l l  b e  a l s o modi fi ed  by the  i n t ri ns i c  

and  extr i n s i c  fa ctors of th e h e rb a ge on o ffe r ( Raymond , 1 9 69 ) . 

I n tr i n s i c  fa ctors  of  h erb age  a re defi ned  a s  features  i n  the  herbage 

th a t  w i l l  affe c t  i ntake  once the food i s  con s umed , wh i l e  e xtri n s i c 

facto l�s a re i n vo l ved i n  the  a ctua l  cons ump ti on  o f  the h erbage and  

are concerned w i th the meth od  of  p resentat i on of  the  food  and  the  

effe cts o f  the env i ronment  o n  food i n take . 

A l ac k  o f  preci s e  k now l edge  about  the  compos i t i on o f  the 

h e rbage  wh i ch the  gra z i ng a n i ma l  s e l ects h as been  a maj o r  ob s tac l e 

i n  s tu dy i n g  the  n utri t i on o f  t he  g ra z i n g  rumi nant  ( U lyatt ,  1 9 7 3 ) . 

A g ra z i n g  rumi nant  commo n l y  h as ava i l ab l e  a w i de range o f  poten t i a l  

food  i n  t h e  form of  d i fferent  p l a n t  s pe c i es , each w i th i ts young  

and  o l d l ea ves , s tems , s eeds  a n d  o th e r  components . A h i gh deg ree 

of d i e t  s e l ec t i on occurs f rom the to ta l  amo u n t  a va i l ab l e . Cattl e 
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a n d  s h eep  genera l l y  s e l e c t  l ea f  i n  p re fe re n ce to s tem , young  l eaf  

i n  p re fe re nce to o l d l ea f ,  and g reen  l eaf i n  p reference to dead  

l ea f ,  ( Hodgs on and O l l e re n s haw , 1969 ; Oudz i n s k i  a n d  Arno l d ,  1 9 7 3 ; 

S tobbs  and  H utton , 1 9 7 4 ) . Con s i de rab l e  res e a rch effo rt h as been  

d i re cted  towa rds d e f i n i ng  i n  q ua n t i tat i ve te rms the  i n f l uence o f  

s ome of  th e maj o r  sward v a r i a b l es wh i ch i n f l uence  s e l e c t i ve gra z i n g  

a n d  herbage i n take . 

1 . 2 . 2 . 2  The  E ffe c t  of  Herb� D iges t i b i l i ty 

on  H e rb age I n ta k e  

The  d i ges t i b i l i ty of  a fo ra ge  d i e t i s  conve n ti a l l y  a ccepted  

a s  a mea s u re o f  n u tri ent  conce n t rat i o n  a n d  a fa c to r wh i ch i n f l uences  

the vo l un ta t�y ·i n ta k e  o f  g ra z i ng an i ma l s ( H o dgs o n , 1 9 7 7 ) . E ar .l i e r 

e xp e ri men ts wi th h o us e d  an i ma l s  ( H utton , 1 962b ; B l axter  a n d  Wi l s on , 

196 2 ) , p rov i de d e v i dence t h a t  a pos i ti ve l i n e a r re l a t i ons h i p b e tween 

the  d i ges t i b i l i ty o f  the  d i et  and  i ts vol unta ry i n ta ke b y  ca tt l e 
e x i s ts up  to l e ve l s  of  70 - 7 5?� d i ge s t i b i l i ty .  1-\b o ve th i s  l e ve l o f  
d i ges t i b i l i ty the re l a t i on s h i p  was  not  s o  c l e a r a n d  w a s  tho u g h t to 

be c u rv i l i ne a r  ( Ba k e r , 1 9 76 ) . Mo re re ce n t  exper i ments  w i th g ra z i n g  

an i ma l s  demons t rate  a l i ne a r  i nc re a s e  i n  p a s t u re i n tak e  w i th  

i n c re as i n g d i g e s t ·i b i l i ty ,  to ove r 80% d i ges t i b i l i ty ( H odgson , 1 9 6 8 ; 
Ho dgs on et  a l . ,  19 7 7 ) . S te h r  a n d  Ki  t�chgnes s e r  ( 19 76 ) fo u n d  a 

pos i t i ve l i ne a r  re l a t i o n s h i p  b e tween pas ture i n ta k e and  organ i c 

matter d i ge s t i b i l i ty o ve r  the range  6 4 -82% d i ges t i b i l i ty w i th  

l ac ta t i n g  da i ry co,Hs . I n  the e a r l i e r e x pe ri me n ts rel a t i n g  fo rage 

d i ges t i b i l i ty a nd  i n t a k e , ma ture a n- i ma l s w i th  l ow energy dema nds  

we re u s ed , whe reas  the  mo re recent  expe r i me n ts i n vo l ve d  l a cta t i ng 

o r  g row i n g a n i ma l s .  T he  s ugges t i on  th a t  t he  me tabol i c  contro l  o f  

i n take  domi nants  t h e  phys i ca l  contro l  o f  i n take  a t  h i gh  l e ve l s  of  

d i ges ti b i l i ty ,  doe s n o t  a p pear  to be  approp r i a te fo r an i ma l s o f  
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h i gh n u t r i ent  dema n d  o n  a fo rage d i et  ( B a k e r , 1 9 76 ) . The 

d i ges ti b i l i ty of th e p l a n t  components s e l ected  from the swa rd w i l l  

therefore exert a domi n a n t  i n fl uence on  an i ma l  i n take and  pe rformance  

o ver  a w i de range o f  d i ges ti b i l i t i es .  



D i ges ti b i l i ty a p pears to i n fl uence  the  vo l unta ry i n take  o f  

rumi n a n ts l a rge l y  through  the ra te o f  d i s a p pearance  o f  d i ge s ta 

from the ret i c u l a- rumen ( Camp l i ng ,  1 9 70 ) . Rumen rete n ti on  t i me 

depends  on th e ra te of  phys i ca l  and  chemi c a l  b reakdown of the  d i et , 

a n d  vo l un ta ry i n t a k e  i s  a refl e cti on  o f  th e s e  fa ctors . A h i gh 

propo rti on o f  s o l u b l e componen ts i n  the  h erbage u s ua l l y  res u l ts i n  

a q u i cker  b re a k down th an  a h i gh p ro p o r ti o n  o f  i ns o l ub l e  s truc tu ra l 

components ( U l y a t t , 1 9 7 3 ) . 

The s tr u c t u ra l  componen ts o f  h e rb a ge fl u c tuate w i th th e 

s ea sona l  cond i t i on s  and  the  s tage o f  g rowth of the h e rb age . Th i s  

c a us es seasona  1 chan ges i n  d i  ges ti b i "l i ty w i th an  expected i n fl uence  

on vo -l u ntary i n take  th ro ughout the year  ( H u tton , 1 962b ) . Corbe tt  

et  a l . ( 196 3 ) , fo und  th a t  a s  p a s ture d i ges ti b i l i ty fe l l  d u ri n g  the  

s p ri ng  from 80 - 6 8% , i t  was  accompan i e d by  a fa l l  of  abo u t  20% i n  

d i ges ti b l e o rga n i c matte r i n ta k e  by l a ctat i n g  cows . Seventy - fi ve 

p ercen t o f  the dec l i ne i n  i n take  was d ue to th e decl i ne i n  

d i ges t i b i l i ty .  

A me a s u re o f  d i  ges ti b ·i 1 i ty does  n o t  neces s a ri l y  p ro v i  de  a 

re -l i ab l e  i n d i c a to r  of  dry ma tte r ( OM )  i n take . For  i n s ta n ce , U l ya t t  

( 1 9 7 1 )  found th a t  s h eep  cons umed mo re v�h i te c l o v e r  th an peren n i a l  

rye g ra s s  \'l hen  the d i ges t i b i l ·i ty o f  the  h e rb a ge offe red was th e 

s ame , a p p a re n t l y  b e c a us e  of di ffe rences  i n  the rate of b reak down o f  

th e two fo rages i n  the rumen . L aredo a n d  �1 i ns o n  ( 1975 ) fed s e p a ra te 

l eaf and  s tern fra c t i on s  o f  the temperate g r a s s  _Lo 1 i urn �en ne . 

The vo l un ta ry i n take  of l ea f  was  20% h i gher  than  th at  of s tem des p i te 

s i mi l a r d i ges ti b i l i ti es of the c ompon e n ts . Th i s  wou l d s ugges t th a t  

th e re a re i n tr i ns i c facto rs of  h erb age  oth e r  th a n  d i ges ti b i l i ty 

� s e ,  wh i ch a re i n vol ved  i n  de termi n i ng the  vo l un ta ry i n take  o f  

he rbage by rumi n a n ts . 

I t  appea rs tha t  a ny phys i ca l  a n d/ o r  c hemi c a l  c hara c te r i s t i c  

o f  i nges ted herbage th at  has  th e effe c t  o f  decreas i ng the reten t i on  

t i me of  the  d i ge s ta i n  th e r umen wi l l  con tri b u te to an i ncrease  i n 

i n take  of th a t  h e rbage . R umen reten t i on t i me i s  though t to b e  

i n fl uen ced  b y  h ow q u i c k l y  th e d i ges ta i s  b roken  down to a part i c l e 
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s i ze that  i s  ab l e  to pas s o n  down the d i ge s ti ve trac t .  For  examp l e 

Re i d  e t  a l . ( 1 9 7 7 )  fo und  tha t  parti c l es  pas s i ng from the rumen to 

the a boma s um of s h eep fed ch affed o r  g round  l ucerne  hay appea r to be  

of  a s i ze that w i l l  a l l ow them to  pa s s  through  a 1 . 0 mm s i e ve . 

So l ub l e  CHO and prote i n a re rap i d l y  d i g e s ted  by rumen mi c ro­

org a nisms compared wi th the l es s  s o l u b l e s tructura l components , 

therefo re the h i gher  the so l ub l e  frac t i o n  of  the  forage , the s h o r te r  

th e rumen rete n t i on t i me .  Chemi c a l  a na l ys es  o f  forages of  s i m i l a r 

d i ges ti b i l i ty h a s  s h own tha t  some s pec i e s  have  a h i gher  p roport i on  

o f  s o l u b l e cel l contents  a n d  a l ower  p roport i on  o f  i ns o l ub l e  ce l l 

con s t i tue n ts i n  the d i ges ti b l e  fract i on ( Raymond , 1969 ) . Th o rn ton  

a nd  M i n son  ( 19 7 3 )  s ugges ted th a t  the h i g her  i n ta k es they ob ta i ned 
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from feed i ng l egumes c ompare d  w i th g ra s s es a t  the s ame d i ges ti b i l i ty 

was due to the  mo re s o l ub l e  na ture of  the  l egume ce l l wa l l  componen ts . 

As s oc i ated  w i th the h i g her  i n ta ke  of  the l egumes was a s i gn i fi ca n t l y  

1 owe r  appa rent reten t i on t i me of o rgan i c  matte r (OM ) i n  t h e  rumen, s uggesti n g  

tha t  the ch emi ca l compos i t -i o n  of  t h e  l egume l 'n ate r i a l  favoured a rap i d 

ra te o f  d i s appearance  from the rume n . 

Oth e r  p l a n t  fa c to rs h a ve been reported  to i n f l uence the rate 

of ce l l u l o l yt i c a c t i v i ty i n  the rumen a nd  hence the  retent i on  t i me 

of d i ges ta i n  the rume n . L a redo a n d  M i nson  ( 1 9 7 3 )  ob s e r ved that  

th e l eaf  fra c ti ons  o f  f i ve  trop i ca l  g ra s se s  p a s s e d  th rough  th e 

rumen a t  a g reate r  rate th a n  th e s tem fract i o n  of  the  same 

d i g e s ti b i l i ty . They s ugges ted t h at  th e i n c rea s e d  s u rface a rea of  

the  l eaf  fract i o n  a v a i l ab l e  for  i n i ti a l  bacte r i a l  degradat i on  

con tr i b u te d  to  i ts fas te r  ra te of pa s s age  through  the rumen . I t  i s  

a l s o  note d  th a t  the o b s e rved effect  may have been  confounded by th e 

i nc reased  N i trogen ( N ) conte n t  of the l e aves cau s i ng a n  i ncrease i n  

the ce l l u l o l yt i c act i v i ty o f  the rumen  mi c rof l ora . There i s  

ev i dence to s uggest  th a t  a n  i n creased  s up p l y  of  N i n  the rume n w i l l  

reduce  the re ten t i on t i me o f  d i ge s ta i n  the rumen , espec i a l l y  when  

feeds  have a l ow prote i n con tent  ( Camp l i ng e t  a l . 1962 , c i ted by 

Camp l i ng 1 9 70 ) . As we l l  a s  N ,  the add i ti on  o f  certa i n  mi nera l s 

( e . g .  Co ) or  s pec i f i c l on g  c h a i n fatty a c i ds  have been s hown to 

i ncrease the i n ta ke o f  l ow n u tr i t i ve va l ue roughages , pres uma b l y  



by enhanc i ng  mi c rob i a l d i ges t i o n  o f  the h erbage i n  the  rumen 

( U l y a tt , 1 9 7 3 ) . 

1 . 2 . 2 . 3  Swa rd Ch ara c ter i s t i c s  th a t  I n fl uence th e 

H e rbage I n ta ke  o f  Gra z i ng An i ma l s 

The i n take  of  h erbage by a graz i ng a n i ma l  i s  part l y  a fun c ti on  

of i ts g r a z i ng  beha v i o u r  ( Arno l d , 1964 ; S tobbs , 1974 ) . Arno l d 

( 1964 ) des cr i bes  the graz i ng  p a t tern  of  s h eep and  catt l e a s  moveme n t  

i n  a h o r i zon ta l  p l ane a n d  s e l e c t i on  i n  a verti ca l  p l a n e . Any 

p hys i ca l  c ha ra c te r i s ti c of the  sward tha t i n terferes w i th ' norma l ' 

s e l e c t i ve g ra z i ng w i l l  therefore i nf l uence pas t u re i n ta ke . S tobbs  

( 1974 ) s ugges ted that  i n take  o f  h e rbage  ( I ) by  a gra z i ng  a n i ma l  i s  
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a fun ct i on o f  both  the ti me s pe n t  g ra z i ng ( T ) , the ra te of  b i t i n g  ( B )  

and  t he  s i ze o f  b i te ( S ) . ( I  = T x B x S ) . A reduct i on  i n  a ny o f  

the compone n ts , ( e . g .  a verage b i te s i ze ) , req u i res an  i n c rea se  i n  th e 

o ther  compone n ts i f  i ntake i s  to b e  ma i n ta i ned . I n ta k e  w i l l  therefo re 

be re l a ted  to the  ' e as e of  p reh en s i o n ' o f  the swa rd componen ts th a t  

the a n i ma l  w i s he s  to s e l ect . There i s  c on s i derab l e  i n teres t i n  

def i n i n g the swa r d  character i s ti c s  t o  wh i ch gra z i ng beh a v i o u r  a n d  

hence p a s ture i n ta k e  res ponds . 

A def i n i ti o n  o f  te rms i s  req u i red befo re a d i s c u s s i on of  sward  

c hara c te r i s ti cs a ffec ti n g  pas t u re i n take by g r a z i n g  a n i ma l s can  

commence . H odgs o n  ( 19 79 ) , de fi nes  the  swa rd ca nopy ' a s th e above  

ground  p a r ts of  a pop u l a t i on  of  h e rb a ceous  p l a nts , i n c l u d i n g  

connota t i on s  of t h e  d i s tr i b u t i o n  a n d  arrangement  o f  con s t i tuent  

p l an ts a n d  the i r  parts ' .  The d i s tr i b u ti o n  and  a rrangeme n t  of  

cons t i tuen t p l ants  a nd  th e i r p a rts ( s tructure ) w i l l  affe c t  the ' ea s e  

of prehens i on '  wh i ch i s  defi ned  by H o dg son ( 19 7 9 )  as t he  ' ea s e  w i th 

wh i ch sward components can be approached  a n d  g ra s ped i n  the mou th o f  

an  an i ma l  d u r i ng gra zi ng ' . The te rms ' sward canopy s tr ucture ' ,  

and  ' ea s e  o f  p rehens i on '  a re q u a l i ta t i ve terms and  can on l y  b e  

quant i f i ed  i n  terms of  th e i r e ffec ts upon the  gra z i ng b eh a v i o ur and  

ra te o f  herbage  cons ump t i o n  by  the g ra z i ng  a n i ma l . 

A n umbe r  of  sward chara c teri s ti cs and  the i r effe c ts on herbage  

i n take  h ave been  s tud i ed . 



We i gh t  of Swa rd Canopy pe r un i t  are� 

The we i gh t  of  herbage p res en t per u n i t a rea has  been  s h own  to 

have a re l a t i ons h i p wi th h e rbage  i n take  wh i ch i s  genera l l y  

curvi l i ne a r  ( Baker  1976 ) . B e l ow s ome cri t i c a l  wei g h t  o f  h e rbage 

( meas u red  to gro und  l evel ) th e rate of i n take  dec l i ne s  a t  an  

i n creas i ng rate , and  eventua l l y  a p o i n t  i s  reached  wh e re th e an i ma l  

cannot  u t i l i ze a ny of  the h e rb a ge OM i n  th e sward . Th e ra te of  

dec l i ne i s  u s ua l l y  a s s o ci a te d  1v i th t he  i na b i l i ty of  th e a n i ma l  to 

i ncrea s e  g ra z i ng t i me to compe n s a te for decreas i ng b i te s i ze 

( Al l den  a nd  Wh i tta ker , 1 9 70 ) . H owever  the  cr i ti ca l  p o i n t  at  

wh i ch h e rbage  i n take  s ta rts to de c l i ne h a s  var i ed gre a t l y  b e tween 

e xpe r i ments , b e i n g  found as  1 100 kg Dt� ha:1 t hro ugh  to 2 800 kg OM h a- 1 

fo r c a t t l e g ra zi ng  tempe ra te swa rds , and 1 100 - 4000 k g  OM h a : 1 fo r 

s heep  g ra z i n g  ma i n l y  on s ub - tro p i c a l  swa rds ( re v i ew by Hodgson , 

19 7 7 , s ee a l s o  J o h n s tone-Wa l l ace  a n d  Ke nnedy , 1944 ; Van  der  K l ey ,  

1 9 56 ; Arno l d and  Oud z i ns k i , 1 9 6 7 a  and  b ;  Al l den a n d  vJh i ttaker , 

1 9 70 ) . 

S ome o f  the reasons  fo r th i s  v ari at i on  co u l d be a ttr i b u ted 

to : ( 1 ) d i fferences  i n  tech n i q ue s  u sed  to meas u re swa rd 

cha r-acte r i s t i cs 

( 2 ) d i ffe re nces i n  the  def i n i t i ons  of  svJa rd ch a ra c te r i s t i cs , 

and d i ffe rences  i n  the  sv1a rd c h a ra c ter i s ti cs  th ems e l ves b e tv;een 

expe r i menta l  p a s t ures 

( 3 ) the a g e , b reed and  phys i o l og i ca l  s tatus  of the s tock  u sed . 

However  i t  i s  u n l i k e l y  th a t  a l l the var i a t i on  can  b e  accounted  

for by th e se  factors . I t  appea rs that  meas u rements  o f  we i gh t  of  

h erbage  per  un i t  a rea a re i na deq u a te wi th i n  thems e l ves to de s cri b e  

a re l a t i on s h i p w i th an  a n i ma l s h e rb a ge i n take . Hodg s o n  ( 1 9 76 ) 

s ugg e st s  th at  the above w i de range  o f  herbage y i e l ds may refl ect  

d i fferences  i n  t he  ava i l ab i l i ty of  h erbage to the  an i ma l  b e tween 

pas ture s , at the s ame we i gh t  of h e rb age OM . S ome swa rds  may 
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fac i l i tate  l a rger b i te s i ze s  by a n i ma l s ,  to l owe r l eve l s  of  OM pe r h a . 

than  o th e rs . Th i s  w i l l  be  re l ate d  to wh a t  i s  b road ly  te rmed the 

sward c a nopy s tructure . 



Swa rd  Canopy S t r uc tu re 

There i s  i n c reas i n g e v i dence  th at  the s pat i a l  d i s tri b u ti o n  

o f  the  mo s t  pal atab l e o r  p re fe r red  pa rts o f  t h e  swa rd canopy w i l l  

be  mo re i mporta n t  i n  s ome c i r cums tances , than  the we i g h t  o f  h e rbage  

p res e n t  per  un i t  a rea  i n  a ffect i n g  the  ra te o f  h e rb age i n take . 
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The wo rk of  th e l ate T . H . S tobbs  and  h i s co l l eag ue s wi th d a i ry 

cows gra z i n g  tro p i ca l p a s tu res , has  h i gh l i gh ted s ome i mpo rtan t as pects 

o f  swa rd c a nopy s tru cture a n d  i ts e ffe ct  o n  the rate of  he rb a ge 
i n take by th e g r a z i n g  an i ma l . These  may p ro ve to be o f  i mportance 

i n  re l a t i on  to  temperate p a s ture s . I n  a s e ri e s  of  g ra z i ng beha v i o u r  

s tud i e s , d a i ry catt l e we re s h own to s e l e c t  l ea f  ra t h e r  th a n  s tem , a n d  

the h o r i zonta l  a nd vert i c a l  d i s tr i b uti on o f  l e a f  and  s tem i n  the 

swa rd g re a t l y  i n f l u e n ce d th e eas e wi th wh i ch h e rbage  was remo ved 

from the  swa rd ( S tobbs  and  H u tton , 1 9 74 ) . The s i ze of b i te was 

re l a te d to  the l ea f  y i e l d ,  t he  acces s i b i l i ty o f  l e a f  a n d  th e l ea f  

1 e n g th . As th e p a s tures  ma t u re d , l e af y i e l ds , canopy d e n s i ty a n d  
b i te s i ze i n c rea s e d . Howe ve r i f  t ro p i c a l  p a s t u re reg row th i s  too 

l on g  ( g ra z i n g  i n terva l  of 6 - 8  wee ks ) ,  an i nc reased  s tem con ten t 

r e s u l t s  a n d  th i s  p r e ve n ts a n i ma l s h arves t i n g  a h i g h p ro p o rti o n  o f  

l e a f .  B i te s i ze vt i l l  then dec l i ne .  Da i ry cows g ra z i n g ma tu re 

trop i c a l  p a s t ur e s  c a n  be underfed even though  ' adeq uate ' OM i s  on  

o ffer , bec a u s e th ey a re unab l e to  i nc rease  the i r g r a z i n g  t i me 

s uffi c i e n t l y  to compen s a te for the  l ow b i te s i ze c a us ed by s e l ect i ve 

g ra z i n g  fo r l ea f . Cow b i te s i ze was  mea s u re d  us i ng cows w i th an 

oesoph a g e a l  f i s t u l a ,  S tobbs  ( 1 9 7 3 ) , and a theoret i c a l  m i n i mum b i te 

s i ze o f  0 . 3g OM i n ges ted per  b i te was ca l c u l a ted fo r a 400 k g  cow 

to ach i eve  a deq u a te o rga n i c matter  i n take a t  a mean rate of b i ti ng .  

B i te s i ze on  ma ture trop i ca l swards  often fe l l  be l ow th i s  c ri ti c a l  

fi gu re beca u s e  of a h i gh s tem/ l ea f  rat i o  a n d  res u l t i n g  l ow l eaf  

ava i l ab i l i ty .  I f  the a n i ma l  i s  forced to eat  a n  i ncrea s i n g proport i on 

o f  s tem ra the r  tha n  l ea f  i n  i ts d i e t , th e n  i n take  may b e  res tri c ted  

by  the s l ower  rate  of  pas s a ge o f  s tem d i ges ta  th ro ugh  th e rumen  

( L a redo  a n d  M i n s o n , 197 3 ) , as  we l l  a s  reduced  b i te s i ze .  

Swa rd , and  i n  part i c u l a r  l ea f  dens i ty was a l s o  s hown by 
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Stobbs  ( 1 9 7 3 ) to  be  a n  i mporta n t  factor w h i ch a ffected the ava i l ab i l i ty 

of l ea f  a n d  hence the rate o f  h e rb age i n tak e . The mean  b i te s i ze of  

cows graz i n g  a dense l eafy sward i nduced wi th a p l ant  g row th regu l a tor , 

was h i gh e r  th en  from th e mo re erect  open swards  res u l t i n g  from 

trea tmen t w i th G i berel l i c  Ac i d .  Appl i ca t i on  of i norgan i c n i trogen 

to t rop i ca l  pas t u re swa rds a l s o i nc reased  swa rd and  l ea f  dens i ty 

and  t he  s i ze o f  b i te taken . Ch acon a nd  S tobbs  ( 1 9 76 ) fo und  th at  the 

i n tak e  o f  g ra z i n g  ca tt l e at a p a rt i c u l a r  t i me i s  l a rge l y  determi n e d  

by t h e  amo u n t  o f  l eaf  o ffe re d p e r  u n i t a rea . They con c l uded tha t 

l e a f  y i e l d ,  l ea f  percentage and  the  b u l k dens i ty o f  g reen  materi a l , 

a re the  maj o r  sward fac tors  i n f l u e nc i ng  th e i n take  o f  tro p i ca l  

pas t u res by gra z i ng  ca ttl e .  

Wh i l e  the sward chara c te r i s ti cs a ffec t i ng  th e rate o f  pas ture 

i n ta k e  h a ve been wel l defi n e d  fo r trop i ca l  pas t u res by S tobbs , th e re 

i s  as  y e t  l i tt l e  q u an t i ta t i ve i n fo rma t i on , part i cu l a r l y  i n  re l a ti o n  

t o  da i ry ca tt l e ,  on  t h e  ·i mpo rtance  of  these  cha racter i s t i cs i n  
tempe ra te p a s t u res . Th i s  i s  probab l y  becaus e  fewer  d i f f i c u l t i es 

h a ve b een exper i enced wi th tempera te pas t u res  i n  a c h i e v i n g  h i gh 

pas t u re i nt a kes . For e xamp l e ,  mea s u reme n ts o f  gra z i ng  t i me and  

the  rate  of  gra z i n g  o f  cov1s o ffe red  the tempera te s pec i es  Avena  _ 

_sa t i v a  by S tobbs a n d  H u tton ( 1 9 7 4 ) , s h ow th a t  cows had  the  s ho rtes t 

graz i n g  t i me and the l a rges t b i te s i ze when  g ra z i n g  th i s  s pe c i es , 

v1h en  comp a re d  vJ i th rneas urerne n ts reco rded wi th C O\r.JS gra z i n g  tropi  ea l 

pa s tu re s pec i es . 

The  res ea rch of  Arno l d and  Oudz i ns k i  1 96 7 ( a a n d  b ) , a n d  

Al l den  a n d  Wh i tta ker  ( 1 9 70 ) , s ugges ts  th at  the sward ch a ra c teri s t i cs 

o f  tempe ra te pa s tu res  wh i ch a ffec t  the herbage  i n take o f  s h eep  a re 

o f  s ome i mpo rtan ce . Arno l d a n d  Oudz i n s k i  ( 1967b ) s e t  o u t  to 

determ i ne s ome o f  the phys i ca l  cha racter i s ti cs of  s evera l  temperate 

pas tures tha t  i n f l uence di g es t i b l e  o rgan i c  ma tter i n take  ( OOMI ) of  

g ra z i n g  s h ee p . They s h owed th a t  s h eep  s e l e c ted  th e more d i gest i b l e  

g reen ma te ri a l  from a sward even  whe n  up to 50% o f  the to ta l OM on  

o ffe r was  dea d  ma ter i a l . Th e a b i l i ty o f  the  s h eep  to  s e l ec t  a 

d i et o f  h i g h e r  d i ges ti b i l i ty was  i mporta n t  a s  the  overa l l d i ges t i b i l i ty 

o f  the sward was l ow .  Over  a w i de  range o f  tota l pas t u re OM y i e l ds on  



offe r , l ea f  l en g th and  the p roport i on o f  green d ry mat ter  became 

the two mos t i mportan t  fa ctors i n fl uen c i n g  OOM I . Wh e re the  g reen 

dry ma t ter  ( GOM ) : total  d ry matter ( T0�1 ) rat i o i s  h i gh ,  e ven  a t  l mv 

l e ve l s  o f  T OM , l ea f  l en g th became the domi n a nt  fa c to r  i n fl uen c i ng  

pas t u re i n take . Lea f l en g th was  a l s o  fo und  to be  more i mportant  

than  e i ther  GOM o r  TOM i n  a c c o un ti ng  for va r i at i on  i n  i n take i n  a 

furth e r  e xperi men t ,  ( Arno l d and  Oudz i ns k i , 1 9 6 7b ) . 

Al l de n  and  Wh i ttaker  ( 1 9 70 ) e s tab l i s hed that  th e re was  a 

re l at i o n s h i p b e tween th e rate of  i n take and  the l ength o f  t i l l e r  

fo r s heep g raz i n g  W i rnrne ra rye g ra s s  ( Lo l i um ri gi dum )  i n  S o u th 

Aus t ra l i a .  The ra te of  i n ges t i on  i ncrea sed  wi th t i l l e r  l ength up  

to a h e i gh t of 7 . 7 cm .  Above  th i s  he i g h t  a cons ta n t  rate of  

i n ta ke  was  mai n t a i ned by a l ower i ng of the rate o f  b i t i ng .  The 

a u th o rs rea s oned  that  the ra te o f  i n take of  h e rbage  by the  g ra z i n g  

a n i ma l  i s  l a rge l y  a funct i on  o f  t h e  eas e w i th wh i ch p l a n ts c a n  be 

prehende d  and the ev i dence s u gges ts  th at  t i l l e r  l en g th i s  a good 

meas u re of th i s  c haracte r i s t i c .  Addi t i ona l l y  i n  swards where 

d i ffe ren t  p l ant  dens i t "i es  h a d  been  i nduced  by the remo v a l  o f  p 1 ants  

by c u l t i vat i on , i t  was e v i de n t  th a t  the  rate  of  i n take  w a s  a ffe c te d  

b y  the  p l a n t  dens ·i ty .  At y i e l ds o f lOOO k g  OM ha �l, d i s tr i buted  a t  

two p l a n t  dens i t i es , two d i ffe ren t  ra tes o f  h erb age i n take  res u l ted . 

Arno l d ( 1 9 6 3 ) , n o te d  th a t  when  two p a s t ure s b o th y i e l d i ng 

1600 k g  OM ha  .. 1 we re graze d , s h eep h a d  a h i g her  rate o f  i n ta k e  from 

a pas t u re wh i ch was l on g  a n d  s pa rs e  comp ared w i th a s ho rter den ser  

sward . Arn o l d and  Oud z i n s k i  ( 1 969 ) pre s e n ted  e vi dence to s ugges t 

that  q u i te d i ffe ren t  ra tes o f  i n tak e , a t  the s ame l ea f  l eng th , 

re s u l t becau se  o f  d i fferent pas t u re s pec i e s a n d  th e d i ffe re n t  

dens i t i e s  o f  herbage . I n  contra s t  to the above , th e den ser  pas ture 

res u l ted i n  a l a rger b i te s i ze a n d  a h i gher  rate o f  i n take . 

H odg son  e t  a l . ( 1 97 7 )  conducted  e xper i men ts w i th s i x -mo n th o l d  

s teer c a l ves o n  two swa rds , o ne  b e i n g  5 . 24 perenn i a l  rye g ra s s  

( Expt . 1 ) , a n d  t h e  o th e r  be i ng Pango l a  g ras s i n  Venezue l a  ( E xp t .  2 ) .  

Mu l t i p l e  reg res s i on a n a l ys i s  was  carr i ed o u t  to dete rmi ne  the 

re l a t i ve i mportan ce of  sward var i a b l es and th e i r a ffect o n  a n i ma l  

i n tak e . On th i s  ba s i s  o rgan i c  matter  d i ges ti b i l i ty of  the d ·i et was 

3 3  



the mos t  i mportant v a ri ab l e  rel a te d  to i n ta ke  i n  both expe ri ments . 

V a ri at i on s  i n  the we i gh t ,  the g reen to dead  rat i o of the  h e rbage 

a n d  i n  swa rd s truct u re a l s o  h ad s i gn i fi ca n t  e ffe cts on h erba ge 

i n take  i n  Expe ri me n t  2 b u t  not  i n  E xperi men t  l .  More 

s o ph i s ti cated  des c ri pt i on s  o f  the  verti c a l  d i s tri b u ti o n  o f  herbage  

wi th i n  the swa rd we re no  mo re effect i ve th a n  sward  he i gh t i n  

exp l a i n i ng var i at i o n s  i n  h erbage  i n take . 

1 . 2 . 2 . 4  S umma ry a n d  Conc l us i ons  

A l th o u gh i t  has  been  demons t rated  th a t  swa rd we i gh t  and  

h e i gh t per  un i t area  i s  o f  s ome s i gn i fi cance i n  determi n i n g  the  
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i n take  of tempe rate g ras s e s , w i de var i a t i on s  i n  the  ease  o f  p rehen s i on 

o f  tempe ra te p a s t u res  vary i ng  i n  h e i g ht  o r  we i gh t  have n o t  b een 

demon s t ra ted , Baker ( 1 9 76 ) . Howeve r ,  as  d i s cu s s e d , s h eep and catt l e 

a re capab l e  o f  be i n g  h i gh l y  s e l ect i ve i n  the i r d i e t ,  s e l e c t i n g  for  

l ea f  ve rs us s tern , g re e n  ve rs us dead  ma ter i a l  and  young  l ea ves  vers us  

o l d l ea ves . The phys i ca l canopy s t r uct ure o f  t h e  pas t u re mi ght  

the refo re be e xpected  to p l ay an  i mpo rta n t  ro l e  i n  s e l e ct i ve g ra z i n g  

o f  t h e  p re fe rred p l a n t  p a r t s  a n d  t h e  p l a n t  s pec i es  i n  tempe r a te 
p a s  tu r·e s . 

As yet  t here i s  no  a g reeme n t  on  h ow to des c r i be the s pa t i a l  

d i s t r i b u ti o n  o f  h erb a g e  i n  a s w a rd a n d  how i t  mi ght  b e  re l a ted  to 

i n t a ke, B a k e r  ( 1 9 76 ) . H odg son  ( 1 9 7 7 )  p o i n ts to th e l i ke l y  

i nadeq u a cy o f  me as u reme n ts o f  tota l h e rbage  w e i g ht  a n d  o vera l l sward  

h e i gh t to  e x p l a i n var i at i o n  i n  h erbage i n tak e . 

Th e components  o f  swa rd canopy s tructure t h a t  h a ve been  s h own 

to i nfl u e nce the ra te of h e rbage i ntake a part from to ta l we i gh t  per 

u n i t area  or h e i gh t of pas tu re a re : 

( 1 ) th e l ea f : s tem rat i o 

( 2 )  the rati o g reen materi a l  : de ad  ma te r i a l  

( 3 ) l ea f  den s i ty o r  l ea f  o ffered per u n i t a rea . 

A l l these  factors  w i l l  a ffec t  the  avai l ab i l i ty a n d  

acces s i b i l i ty o f  t h e  p re fe rred p l a n t  pa rts a n d  s pec i es , a n d  th e re fo re 

i n fl uence graz i ng  behav i o u r . 



1 . 3  �erbage Al l owance a n d  i ts Re l a ti ons h i p w i th 

�e rballe I n ta ke  a n d  An i ma l  Pe rfo rmance 

1 . 3 . 1 I n troduc t i on 

I f  a maj o r  obj e c t i ve of  g ra s s l an d  fa rmi ng  i s  to mai n ta i n  a 

h i gh l eve l  o f  a n i ma l  pe rfo rman ce , a n d  a t  the  s ame ti me a h i gh 

e ffi c i e ncy of  h erbage  u t i l i z a ti on ,  mo re q u a n t i tat i ve i n fo rma t i on 

i s  re q ui re d on the way s i n  wh i ch an i ma l s a n d  swards res pond  to 

v a ri ou s  g ra z i ng  i n tens i t i e s .  Some res e a rch wou l d s ugge s t  that  

i mproveme n ts i n  the  p ro d uct i v i ty o f  graz i n g  sys tems may come as  

much  from i mp ro vemen ts i n  th e ut i l i z at i on  o f  h e rb a ge g rown a s  

from fu rther  i n c reases  i n  h e rbage p ro d u cti on  ( B a k e r  et  a l . ,  1 9 7 5 ) . 

I mpro vements i n  the  u t i l i z a t i on o f  pas t u re g rown w i l l  req u i re mo re 

i n fo rma ti on  for u se  i n  the object i ve manageme n t  o f  g ra z i ng sys tems . 

Gra z i ng  p res s ure a n d  s tock i n g ra te are pa ramete rs wh i ch 

prov i de s ome i n d i ca t i o n  o f  the  q u a n t i tat i ve re l a t i o nsh i p b e tv1een 

th e h erba g e  req u i reme n ts of an i ma l s  a n d  th e fee d  s upp l y .  Graz i ng  

p l'e s s ure i s  de f i ned  by  H o dg s on ( 19 79 ) , a s  the  n umbe r  of  a n i ma l s of  

a s pec i f i e d  c l ass , pe r u n i t we i gh t  of  herbage  a t  a poi n t  i n  ti me . 

As gra z i n g  p res s ure i s  i n creased , i n  a n  effo rt to i nc rease  the  

p e rcentage o f  h e rbage h a rves ted , t he  amo u n t  of  h e rbage ava i l ab l e  

b ecomes th e maj o r  fac to r  wh i ch l i m i ts  i n take by the  i nd i vi d ua l  

a n i ma l . A s  a res u l t a n i ma l  perfo rma n ce may s uffe r .  

Th i s  i s  i l l u s tra ted  by the exper i me n t  o f  Ma rsh  and  Murdock  

( 1 9 74 ) , who meas u red a s i gn i fi can t dec reas e  i n  h erb a ge OM 

ava i l ab i l i ty ,  a n d  a co r res pon d i n g  de crea se  i n  mea n  da i l y  d i ges t i b l e 

organ i c ma t te r  i n take a s  s tock i ng ra te i ncre a s e d  from 5 . 0  to 7 . 5  

s teers ha .
- 1  

As a con s e q uence  mea n  dai l y  l i vewe i gh t gai n per  an i ma l  

dec reased a t  the h i gh s to c k i ng ra te , however  the re was  a n  i nc rea s e  

i n  output  p e r  ha . ( LWG h a . - 1 ) a t  th i s  h i gh s to ck i n g  rate . G o rdon 

( 19 7 3 ) a l s o  demons tra te d th at  a s  s to c k i n g  rate i n creases  herb a ge 

a v a i l ab i l i ty per  cow i s  red uced , res u l ti ng i n  red uced  i n take  and  

perfo rmance per  cow , b u t  a n  i n crea s e  i n  m i l k  p roduct i on per  h a . 

' 
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Grazi ng  p re s s u re i s  a n  i ns ta n ta neous  expre s s i on of the 

re 1 a ti ons h i p between graz i ng a n -i ma l s and  t h e i r feed , a nd d e s c r i b e s  

th e p ropo r t i o n a l i ty between a n i ma l s a n d  food i n  a way n o t  con�o n l y  

u s e d  by t h e  n u tr i t i on i s t  w h o  th i n ks  i n  te rms o f  u n i t o f  foo d per 

a n i ma l  ( G ree ha l gh e t a l . , 1 966 ) . Th e p r e fe rred pa rame t e r  for u s e  

i n  d e t e rm i n i n g  q u a n t i ta t i ve r e l a t i o n s h i p s i s  t h e  i n v e r s e  o f  g ra z i n g  

p re s s ure , th e h e r b a g e  a l l ow a n c e . 

1 . 3 . 2  pe fj n i t i o n  o f  H e r b age A l l _9wa n c e  

36  

H e rb a ge a l l owa n c e  h a s  b e e n  d e f i n e d  a s  th e t o t a l  we i g h t of h e rb a g e  

O M  o r  O M  ( me a s u r e d  t o  g ro u n d  l ev e l ) p e r  u n i t o f  a n i ma l  l i v ewe i gh t  pe r 

day ( H o d g s o n , 1 9 76 ) . T h e  te rm h a s  i ts l i m i ta ti o n s  i n  th a t  i t  i s  

b e s t a p p l i e d t o  r o t a t i o n a l  g r a z i ng s y s tems w h e re a n i ma l s  move to 

n ew a re a s  of p a s t u r e  e a c h  d ay . I t  a l s o i n v o l v e s  a s ub j e c t i ve 

a s s e s s me n t  of t h e  ' a v a i l a b i l i ty '  o f  the h e rbage to th e a n i ma l . Two 

eq u a l  h e rb a g e  a l l ow a n ce s , b u t  on d ·i ffe re n t  p a s  t u r·e ty pe s , rnay n o t  

offer t h e  a n i ma l s t h e  s ame o p p o r t u n i ty t o  e a t  s i m i l i a r  amo u n ts o f  

h e rb a g e  d ue t o  d i ffe r e n c e s  i n  t h e  a c c e s s i b i l i ty o f  the p re f e r r e d  

h e rb a g e  ( re f e r  to C h a p t e r  1 . 2 . 2 . 3 ) . F o r  e xamp l e H o d g s o n  a n d  

W i l k i ns on ( 1968 ) , demo n s tra ted d i f fe r e n c e s  i n  o r g a n i c ma t te r  i n t a k e  

by d ry c o w s  a t  s i m i l a r h e rb a g e  a l l ow a n c e s , b e c a u s e  the  a l l ow a n c e s  

w e r e  o f fe re d  o n  lv-1 0 s wa rd s d i f f e r e n t  i n  th e i r s ta g e  o f  ma t u r i ty . 

P ro v i d e d  h e rb a g e  a l l ow a n c e  i s  u s e d  w i th th e i n f l u e n c e  o f  s wa rd 

c h a ra c t e r i s t i c s  i n  m i nd ( e . g .  S to b b s , 1 9 7 7 ) i t  w i l l be a u sefu l  

ex pre s s i on i n  de te rmi n i n g s ome q u a n t i t a t i ve r e l a t i o n s h i p s  b e tw e e n  

a n i ma l s and  t h e  p a s t u re swa rd . Ra ttray and  J a g u s c h  ( 1 9 7 8 ) s u gge s t  

th a t  ' p a s ture a l l owance i s  p robab l y  th e mos t i mportant  s i ng l e  factor  

th a t  i s  re s po n s i b l e  for  d i fferences  i n  p roduct i on per  a n i ma l  between 

fa rms , b etween yea rs , and  b e tween s tock i ng ra tes , u nde r New Zea l a n d  

pas tora l fa rmi ng  cond i ti on s 1 •  

1 . 3 . 3  E xper i menta l  S tud i e s  of  the  Re l a ti ons h ip b e tween Herbage 

A l l owa n ce , M i l k  Prod uct i on  and H erbage I n ta k e  wi th Da i ry Cows 

The exte n t  to wh i ch g ra zed  h erbage  can mee t the requ i remen ts 

of  da i ry c ows rema i n s l a rge l y  undef i ned i n  preci s e  terms , l arge l y  



becaus e of t h e  l ack  o f  q uan t i tat i ve  i nfo rmat i on  o n  the exte n t  to 

wh i ch  p l ant  and an i ma l  fac to rs govern h erb age i n ta ke . 

Severa l  e a r l i e r  exper i me n ts no ted  a pos i t i ve a s s oc i a t i on 

b e tvJeen  the q uant i t i es of  OM o ffere d and  th e q uant i ty cons ume d , 

b u t  th e res u l t s  o f  the s e  s tudi es  we re c on fo unded by the fact  th at 

h i g her  o ffe ri n g s  o f  pas t ure were a s s oc i a te d  wi th more mature h e rb a ge . 

Wa i te , H o l rnes and  Boyd (1952 ) , i n  a compa r i s on b e t1veen tvJO graz i n g  

sys tems , mea s ured  t h e  h e rbage  cons ump ti o n  o f  da i ry cows a s  the  

d i ffe rence  i n  we i gh t  of  h e rbage  p re s e n t  b e fo re and  afte r graz i n g  

(we i gh t determ i ned  by c utti ng  h erba ge to a s ampl i ng h e i gh t o f  1 3  mm) . 

Th ey n o ted  the  decreas e i n  th e p ro p o rt i on of h e rb age cons umed a s  the 

area g ra zed  was  e n l arged . 

Van de r K l ey ( 19 5 5 , c i te d by Greenh a l gh e t  a l . ,  196 6 )  fou n d  

th a t  i ntake  i nc reas ed f rom 8 - 1 7  k g  D M  c ow - 1
day - l as t h e  amo u n t  

" 

o f  h e rb age o ffe red da i l y  ros e  from 1 1  to 40 k g  DM cow- 1 . 

Green h a  l gh  e t  a 1 .  ( 196 6 )  fi rs t i n troduced  th e concept  o f  

h erbage a l l ow a n c e  a s  a means  o f  des  c r i  b i  n g  the g ra z i n g  i n ten s i ty o f  

d a i ry cow s . Th e i r obj ect i ves we re t o  ·i n ve s t·i g a te th e effe c ts o f  
th e h erbage  a l l ow a n ce o n  th e quant i ty a n d  q ua l i ty o f  th e h e rb a g e  

cons umed a n d  th e mi l k  p roduced  b y  s t ri p grazed cows . Twen ty 

Ay rs h i re cows  i n  th e i r s econd o r  s ub s e q u en t ·l a cta t i on  we re u s e d  i n  
fou r  g roups  o f  fi ve cows at  d i ffe re n t  a l l owances . They var i e d  i n  

s tage of  l ac ta t ·i on from three to twe l ve wee k s  a fte r ca ·l v i n g  a t  th e 

s ta rt of  th e e x pe r i men t . The pas  t u  res  us e d  vJe re predomi n a n t l y  

rye gras s / t i mo thy s pe ci es a n d  h a d  an  a ve ra g e  y i e l d o f  3300 k g  orvt h a �
1 

b e fore grazi n g . I n take  of  h e rbage  was  mea s u red  by the use  o f  the  

c h romi c o x i de- fae c a l  N tech n i q u e . Pa s t u re y i e l d was  dete rmi n e d  by 

c utti ng  to a h e i g h t  of 2 . 5  - 5cm from ground  l eve l  beca u s e  i t was  

fel t that  th i s  h e i g h t g a ve a mo re rea l i s ti c  es t i ma te of  the h e rb a ge 

3 7  

ava i l ab l e t o  the  cows . Th i s  as s ump t i on  was  s ub s eq uen t l y  fo u n d  t o  b e  

u n s a t i s facto ry . He rbage  a l l owances w e re o ffe red fo r th ree per i ods  

of  3 to 4 week s , i nt e rs pe rs ed b e tween fou r  s tandard per i ods  of  2 -

3 weeks  i n  wh i ch a l l the cows we re s tr i p g ra zed on 2 3 - 2 7  k g  DM cow- l 

day
- l  

Some res u l ts from th i s  e xper i men t a re i n  Tab l e  1 . 5 .  



Tab l e 1 . 5  Herbage  a l l owance , herbage  i n ta k e  and  the i r e ffec ts o n  

mi l k  p rod u c t i on  a n d  l i vewe i gh t  change of  d a i ry cows . 

( Greenha l gh et  a l . 1966 ) 

Trea tment  A B c D 

Herbage Al l owance  
( k g  OM  cow- 1day - 1 ) 1 1 . 4  1 5 . 9  20 . 5  2 5 . 0  

Herb a ge I n t a ke 
( kg OM cow- 1day- 1 ) 1 1 . 7  1 2 . 9  13 . 6  1 3 . 6  

D i ges ti b i l i ty o f  OM % 7 5 . 0  7 5 . 2  75 . 7  7 5 . 6  

M i l k  Y i e l d  
( k g  cow- ld ay - 1 ) 1 4 . 9  1 4 . 8  1 5 . 8  1 5 . 5  

Y i e l d  o f  FCM ( 4% )  
( k g  cow- l day- 1 ) 1 5 . 2  1 5 . 0  1 5 . 9  1 5 . 6  

L i vewe i gh t  change  
( k g  cow- 1 day- 1 ) - 0 . 7 3 + 0 . 32 + 0 . 2 3 + 0 . 27 

F a t  P e rcentage 4 . 2 5 4 . 04 4 . 0 2  4 . 1 2 

P ro te i n Percentage  2 . 98  3 . 1 9 3 . 24 3 . 20 

-----------·-----

* * *  ( p < 0 .  00 1 ) 
* *  ( P < 0 . 0 1 ) 
* ( P < 0 . 0 5 )  

NS = non - s i gn i fi c a n t .  
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There a re a n umber  of i mporta n t  poi n ts a r i s i ng from th i s  

comprehens i ve s tudy i n  re l a t i on  to the graz i n g  i n ten s i ty o f  da i ry 

cows , a nd  these  a re s umma r i s ed be l m<J .  

1 . The  re l at i  o n s h  i p fo und b e tween h erbage  a l l owance a n d  h erbage 

i n take  wa s c u rv i l i nea r .  

2 .  The  d i fferences between trea tments i n  mi l k  product "i on  were 

s ma l l e r and  l es s  cons i s te n t l y  re l ated to h erbage a l l owance 

than were those fo r i n take . The d i ffe ren ces were s i gn i fi c ant  

h owe ve r .  I n creas i n g th e amo u n t  of  h erbage  o ffered to th e cows 
h ad a ma rked effect  on the s o l i ds -n o t - fa t  conten t of mi l k ,  w i th 

b o th prote i n and  l actos e i n creas i ng w i th i n creas e d  h e rb age 

a l l owan ce . When l i vewe i g h t  ch an ges and mi l k  p r o d u c t i o n  w e re 

c on s i de red toge the r t here was  a mo re con s i s tent  re l a t i o ns h i p  

b etween i n take  and  an i ma l  prod uct i on , th an  betvtee n  i n take  a nd  

mi l k  y i e l d a l one . 

3 .  H e rb a ge a l l owance a ppea re d  to h ave the  s ame r e l a t i ve e ffec ts 

when o ffe re d under d i ffe re n t  pas ture cond i t i ons . Under  tvw 

e x t remes o f  pas ture cond i t i on s , one be i n g ryeg ra s s  i n  fu l l 

f l  m..,re r  at  5000 k g  OM h a� 1 and  the other  a ·1 ea fy l�e growth 

y i e l d i n g 1 800 k g  OM h a � 1
, the  s ame h erbage a l l owances  h a d a 

s i mi l a r e f fe c t  o n  herbage  i n ta k e . 

4 .  I n c reas i n g h e rb age a l l owance  prov i ded greater  o p p o r t un i t i e s  

fo r s e l ect i on . The  cows on  th e h i gh es t  a l l owa nce  were a b l e 

to rej ect  nearl y h a l f the h erba ge offered to th em . The  

e ffec t  of  th e s e l ect i on opportun i ty o n  th e d i ge s t i b i l i ty of  

th e h erb age cons umed was  s ta t i s t i ca l l y  s i gn i fi can t ,  b ut  the 

d i ffe re n ces b e tween t reatme n ts were s ma l l enough  to s ugges t 

th a t  the  effect  h a d  l i tt l e p ra c t i ca l  s i gn i fi cance . Al though  

the  top  g rowth cons i s ten t l y  h ad a h i g her  n i t ro gen con te n t  th an  

the  b o ttom , the  average o rga n i c ma tte r d i ges ti b i l i ty was  

v i rtua l l y  the  s ame a s  tha t  of  th e bottom growth . 

5 .  The  mos t  ob v i o u s  d i ffe rence  b e tween th e a l l owance a reas  i n  

the i r a p pearance  after h av i ng  been  grazed wa s i n  t he  h e i gh t o f  

the  s tu bb l e .  The l owes t a l l owa n ce cows gra zed down to a very 

l ow l e v e l  and  they a l s o  grazed  very c l o se  to th e i r own 

d e faeca t i ons . 
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6 .  I t  was conc l uded that  the  h erbage a l l owances  we re wi thou t 

s i gn i f i ca n t  res i dua l  e ffec ts on  m i l k  produc t i on , a l though 

SNF  a nd prote i n  perc e n tages  a ppeared to h a ve l onger  term 

effe c ts u pon  th em tha n  other  m i l k  produc t i o n  c hara c ter i s t i c s . 

The  d i fferences i n  m i l k  y i e l d between trea tme nts d i s a p peared 

i n  the  s ta n dard peri ods . 

7 .  There was a s ug ges ti on  tha t the effec ts o f  h e rbage  a l l owance 

on  m i l k  y i e l d woul d v a ry a c c o rd i ng to the genera l l eve l  o f  
produc t i on o f  the  cows . 

8 .  P romo t i ng rel a t i ve l y  sma l l i nc reases  i n  the  i n ta k e  and  

p rod u c t i o n  of the  a n i ma l  by re l a t i ve l y  l a rge i nc reases i n  

th e amount  of h erbage o ffe red mus t  b e  cons  ·i de r-ed i n  i ts 

econom i c co n tex t ( per a n i m a l  vers u s  p e r  h a . produc t i o n ) . 

I n  a s econd  e xper i ment  G ree nha l g h et  a l . ( 1 967 ) s e t  o ut  to 

determ i ne the effec ts o f  the s ame herbage a l l owances when o ffered 

over a 1 a nger  per i od of t i me ( 1 0  wee k s ) .  F i fteen Ay rs h i re cov-1s 

i n  m i d - l a cta t i on  were u sed on  pas tu res th a t  were predom i na n t l y  

ryegras s/cocksfoot  m i x tures . The s ame methods for es t i ma t i ng 

herbage  i n ta ke a n d  DM y i e l d s were u s ed as those u s ed by Greenh a l g h  

et a l . ( 1 96 6 ) . The  res u l ts were very s i mi l a r to tho s e  of  the 

prev i ou s  exper iment  and a re s e t  out i n  Tab l e  1 . 6 .  

- 1  - 1  Cows offered 1 1 . 4 k g  O M  cow day a p peared  to e a t  mo re tha n  

th at  a v a i l ab l e t o  them . Th i s  w a s  p ut  down to t h e  cows g ra z i ng 

be l ow the  s amp l i ng h e i g h t  of  5cm a nd a l s o  be i ng adept  a t  g raz i ng 

u nder  fences . Once aga i n  the re was l i ttl e e v i dence  tha t s e l ect i ve 

g ra z i n g  l ead s  to d i fferences between  trea tme n t  g roups  i n  h erbage 

d i ges ti b i l i ty .  Th i s  was true even  over  a wi de  range of  

d i ges t i b i l i ti es encountered ( 68 - 79% DOM ) . 

T he  overa l l conc l u s i on made was  tha t the effects o n  herbage 

i nta k e  and  m i l k  p roduct i on  o f  i mpos i ng d i fferen t  h erbag e  a l l owances 

for th ree mo n ths , a re no d i fferent  from those caused by i mpos i ng 

th em for o n l y  3-4  wee ks . I t  a ppea red that  the effect o n  l i vewe i gh t  

change  may b e  sma l l er i n  the l ong - te rm th a n  i n  the s ho r t- term . 
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Tab l e  1 . 6  The e ffe c ts of  he rb age a l l owance o n  herbage i n take , 

mi l k  y i e l d and  l i vewei gh t change  o f  da i ry cows . 

( Gree n h a l gh e t  a l . 1 96 7 ) . 

Herb age Al l owan ce 
( k g  OM cow- 1day- 1 ) 1 1 . 4  1 5 . 9  20 . 5  

Pas t u re I ntake 
( k g  OM cow- 1day- 1 ) 1 1 . 7  1 2 . 5  1 2 . 9  

Di ges t i b i l i ty of  O M % 74 . 9  74 . 8  7 5 . 3  

Mi l k  Y i e l d  
( k g  covr 1day- 1 ) 1 3 . 82 14 . 0  14 . 9  

L i vewe i g h t  Change 
( k g cow- lday- 1 ) + 0 . 2 3 + 0 . 5 + 0 . 5 5 

NS 

NS 

* 

NS 

Ano th e r  i mpo r-ta n t  p o i n t  to c ome o u t  of  t h e s e  e xpe 1· i me n ts i s  the  

h e i gh t a t  wh i ch t h e  h e rba ge s amp l e i s  ta k en . T h e  i nab i l i ty of  

4 1  

cutt i n g  ma ch i nes  t o  m i mi c the s e l ect i v i ty o f  g ra z i n g a n i ma l s i s  
p rob a b l y  re l a ted to t h e  i n f l uen ce of  sward s tr uc tu re on the  s e l e c t i v i ty 

o f  g ra z i n g  by a n  a n i ma l . For  th i s  rea s o n , Hodgson  ( 1 9 76 ) s pe c i fi e s 

th e n e e d  to mea s u re h e rb age a l l owance  to g r o u n d  l ev e l  i n h i s  def i n i t i on 

of herbage a l l owance . 

I n  a n  e xtrapo l a t i o n  of  h i s  pre v i o u s  e xper i men ts , Greenha l gh ( 1 9 7 0 )  

e xtended  th e u s e  o f  t h e  th ree herbage  a l l owan ce s  t o  pro d u ce th ree 

graz i ng  i n tens i ti es th roughout  a g ra z i ng  s e a s on . Each a rea  was  

rotati on a l l y  g razed  6 t i mes by  g roups  o f  cows g i ven herb a ge a l l owances  

o f  1 1 . 4  ( A ) , 1 5 . 9  ( B )  and  20 . 4  ( C ) kg  OM  c ow- 1d ay - 1 Thes e gra z i n g  

i n ten s i ti es  res u l ted  i n  a n  ave ra ge cons umpt i o n  o f  9 2 , 7 5  a n d  58% o f  

the h e rbage a va i l ab l e  a t  any one  g ra z i n g  for  treatmen ts A ,  B and  C 

res pecti ve l y  ( 5cm s amp l i ng he i ght ) . I n  e ffec t  the g ro u p  C cows 

removed  ma i n l y  the new g rowth th at h ad  a c c umu l a ted  s i nce the pre v i ous  

defo l i at i o n  a n d  l e ft  ma teri a l  th at  h ad  p re v i ous l y  been  u n gra ze d . 

' 



Ne t h erbage grow th fo r each  treatmen t  was  ca l c u l a ted as th e mea n  

y i e l d before g ra z i ng , l es s  th e y i e l d a fte r graz i n g  i n  the p re v i ous  

cy c l e .  The re s u l ts a re s umma ri s e d  i n  Tab l e 1 . 7 .  

Ta b l e 1 . 7  S ome e ffe c ts of  h erbage  a l l owance a pp l i ed o ve r  a g ra z i n g  

s e a s o n  o n  da i ry c ow per fo rma nce  ( Greenh a l gh , 1 9 70 ) . 

H e rbage Al l owance 
( kg OM cow- l d ay- 1 ) 1 1 . 4  1 5 . 9  20 . 4  

He rbage Grown 
( kg OM h a . - 1 ) 1 1 , 350  1 1 , n o  1 0 , 6 80 

He rbage I n ta ke 
( kg  OM cow- lday- 1 ) 10 . 7  12 . 0  1 1 . 7  

H e rbage Cons umed 
( kg  OM ha . - 1 ) 1 1  , 000 10 , 5 50 9 , 600 

D i ges ti b i l i ty o f  h e rb age OM % 7 7 . 9  78 . 1  76 . 4  

Mi l k  Y i e l d ( k g  cow - l day - 1 ) 1 6 . 2  16 . 6  16 . 8  

L i vewe i g h t  Ch an�e 
( kg cow - 1 d ay - ) - 0 . 0 7 - 0 . 04 + 0 . 1 1 

P roducti on ( k g  nri 1 k h a . - 1 ) 1 6 , 2 50 1 4 , 9 50 1 3 , 260  

--------

T reatme n t  A gave the h i gh es t pro d u cti on per  h a . wi tho u t  
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s i g n i f i can t l y  reduc i ng  produ ct i on  p e r  a n i ma l . At  the  o th er e x treme , 

trea tme n t  C a l l owed th e gre a tes t f l e x i b i l i ty o f  manageme n t  b u t  caus ed 

s ome dete r i o ra t i on i n  th e n u tri ti ve va l ue of  the h e rbag e . The l a te r  

p o i n t i l l u s t rates  the l onger  term e ffec ts of  d i fferent g ra z i n g  

i n tens i ti es o n  the s ub s eq ue n t  pas ture growth , a n d  the q u a l i ty of  OM 

th at  i s  a v a i l ab l e  for cons ump ti on l a te r .  These  mus t b e  con s i dered  

when  l ook i ng fo r a ny h e rbage  a l l owa nce wh i ch s ee k s  to max i mi s e  a n i ma l  

prod u c t i o n  i n  the s hort  te rm . 

Combe l l as and  Hodgson  ( 1 9 7 5 ) e xami ned the s ugges t i o n  f rom th e 

da ta of  Gree nh a l gh  et  a l . ( 1 966 ) th a t  the  effe c ts o f  herbage  a l l owance 



4 3  

o n  mi l k  y i e l d v a ri e d  a c co rd i ng  to t h e  l eve l  of  p roduct i on o f  the  c ows 

bei ng us ed . Two g ro u p s  o f  e i gh teen cows we re p l a ced  on two l ev e l s 

o f  fee d i ng  from before ca l v i ng ( J a n u a ry 7 th ) u n t i l the s ta rt of  th e 

gra z i ng  s eas on ( Apri l 2 2 nd ) . At  th e s ta r t  o f  th e graz i n g  s e a s on 

each  g roup  o f  e i g h teen cows was  d i v i ded i n to th ree sets  o f  s i x  cows  

wh i ch g ra zed  a t  d a i l y  h e rb ag e a l l owances  o f  2 5 g , S O g  o r  7 5g  he rbage 

OM k g  LW- l Meas u reme n t  was  to g ro und l ev e l . Th i s  was eq u i va l e n t  
- 1  - 1  to 1 2 . 8 ,  2 5 . 6  and  38 . 4  k g  OM offe red cow day fo r cows avera g i n g  

5 12 k g  a t  th e s ta rt o f  t h e  exper i men t .  

i n  Tab l e 1 . 8 .  

S ome res u l ts a re p re s e n te d  

Tab l e  1 . 8  The  effe c ts of t h ree  h e rb a g e  a l l owances  on h e rb a ge 

i n take  and  m i l k  p roduct i on ( Combe l l as and  H od g s o n , l9 75 ) . 

-------
T rea tme n t A B c S E  d i  ff . 
----------------- -----·-

H e rb a ge A l l owance 
( g  OM k g u�- 1 ) 2 5  5 0  7 5  

H e rb a ge I n t a k e  
( k g O M  cow- 1 d ay- 1 )  1 1 . 7  14 . 6  1 5 . 4  

111i l k Y i e l d  + * * *  
( k g cmv- 1 day- l )  1 4 . 0  1 7 . 1 1 7 . 7  - 0 . 26 

+ * 
F a t  % 3 . 7 4 3 . 56 3 . 48 - 0 . 0 7  

+ * *  
P rote i n % 3 . 22 3 . 3 1  3 . 34 - 0 . 0 2  

Dai l y  F a t  Y i e l d  
( k g cow- l )  0 . 5 2 0 . 6 1  0 . 6 2  

Da i l y P rote i n  Y i e l d  
( k g  cow- l ) 0 . 45 0 . 5 7 0 . 59 

I n take  w a s  dep res s e d  by on l y  4% as  th e a l l owance was re duced  from 

7 5 g  - SOg k3Lw- l , b ut there was a 1 7% dep res s i on i n  i n take  b e tween  

50g  and  25g  kg  LW- 1 The a uth o rs con c l uded th a t  wh i l s t cows  

d i ffer i n g  i n  m i l k  y i e l d  a n d  body cond i t i on  res po n d  i n  much t he  s ame 



way i n  te rms o f  h erba ge  i n ta ke to var i a t i o n s  i n  h erbage a l l owance , 

the  mi l k  y i e l ds  o f  th e cows used  i n  th i s  e xperi me n t  we re mo re 

s ens i ti ve to a g i ven  reduct i on i n  herbage  i n take  th an those  used  

by  Greenha l gh  et  a l . ( 1966 ) . 
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I n  a n  e x p e ri me n t  des i gned  pri ma r i l y  to e xami ne the  rel a t i o ns h i p 

b e tween  the i n ta k e o f  herbage by the da i ry cov1 a n d  p a s t u re 

d i ges ti b i l i ty ,  S te h r  a n d  Ki rchgne s s e r  ( 1 9 7 6 ) meas ure d  the  da i -l y  

h e rbage a l l mva n ce a n d  h e rbage  i n take o f  6 0  l a ctat i n g  da i ry cows . 

I n take was meas ured  by d i ffe ren ce betwee n  s amp l es of  the sward c u t  
b e fo re and  after  graz i n g , ( c u tti n g  h e i g h t  2 cm above ground  l e ve l ) . 

The OM i n take  o f  h e rb age was s i g n i fi c ant ly  and  pos i t i ve l y  

co rre l a ted  w i t h  b o th h e rbage s up p l y  a n d  th e d i ges t i b i l i ty o f  the 

o rgan i c  matte r . D a i l y  he rb age i n take  i nc rea s ed by 0 . 3  kg OM cow
- l 

fo r each  add i t i ona l k g  OM o ffered . I n  th i s  and  p re v i o u s  s tu d i es  by 

th e a u th o rs a s t r i  et 1 i nea r re l at i o n s h  i p wa s  fo und be tv.Jeen  h e rb a ge 
- 1 - 1  s up p l y  a n d  i n take  u p  to a n  a l l owance o f  3 5  k g  OM cow d ay . 

However  i n  th i s  expe r i men t ,  d i ffe re n t  h erb age  a l l owa n c e s  were not  

o f fered w i th he rba ge o f  th e s ame ma tur i ty a n d  l en g th a nd  the e ffect  

o f  th e a l l owances  co u l d h a ve been  c o n fo unded  w i th vari a t i on s  i n  
sward q ua l i ty 

I n  the s tudy by S te h r  and  K i rch g n e s s e r  ( 1976 ) m u l t i p l e 
reg res s i on a n a l y s i s  de termi n e d  th a t  h e rbage  a l l owa n ce a nd organ i c  

ma tter d i ges t i b i l i ty a ccoun te d  for 66 �; o f  th e var i a t i on o f  the  0�1 
i n ta ke by the da i ry cmvs o ve r  th i s  part i c u l a r  range  of  a l l o�A1ar1 c e s . 
The re l a ti ve i mpo r ta n ce of  the e ffect o f  th e s e  tvw va ri ab l es upon 

pas t u re i n take  may \>Je l l  vary over  a ra nge  o f  h erbage  a l l owances . 

Go rdon  ( 1 9 7 3 )  s ugges ts tha t  a t  l ow gra z i ng  i n tens i t i es ( i . e .  h i g h 

he rbage  a l l owan ces ) i n take  wi l l  b e  re l a ted more to th e an i ma l ' s  

phys i o l og i ca l  cond i ti on and  the q ua l i ty o f  h e rbage on offe r th a n  a t  

h i g h  gra z i ng i n tens i ti es ( l ow herbage a l l owan ces ) , where the amo u n t  

of he rbage  ava i l ab l e b ecomes t h e  maj o r  factor  l i mi ti ng t h e  i n ta k e  o f  

the i n d i v i dua l  a n i ma l . 

Unde r New Zea l a n d  a n d  Austra l i an fa rmi n g  cond i ti o n s , g ra z i ng 

sys tems a re based  on  a l l year  round  pas tu re feedi n g . G ra z i n g  

sys tems by neces s i ty mus t e ndeavour to ma tch t h e  pas ture s up p l y  to 



a n i ma l  requ i reme n ts throughout  t he  yea r , des p i te the  fl uctuat i o n s  

i n  pas ture growth rates a n d  an i ma l  req u i reme n ts . One o f  th e mos t  

c r i t i ca l  t i mes  i n  te rms o f  ma tch i n g fee d  s up p l y  to dema nd  i s  t h e  

wi n te r-ea r· ly  s p r i n g  pe r i o d , ( i . e .  ca l v ·i n g ) . Wh i l e th e i mp l i c a t i on s  

of  the  l e ve l of  fee d i ng  o f  d a i ry cows b e fo re and  after c a l v i n g  h a ve 

been  exami ned ( s ee Ch apte r  1 . 1 ) , q ua n t i t a t i ve i n forma t i on  to e n ab l e  

o b j e c t i ve p l a n n i ng  o f  fee d  s up p l y  and  feed demand  a t  th i s  t i me o f  

t h e  y e a r  i s  l a c k i n g . Th e l i mi te d n umbe r  of  herbage  a l l owance  

e xperi me n ts w i t h  the  dai ry cow u n der  N ev1 Zea l a nd and  Aus tra l i a n 

cond i t i ons  h ave  been  concerned w i th  th e w i n te r-e a r l y  s pr i ng  pe r i o d . 

The  i mportance o f  s tu dyi n g  the e ffe cts of  h e rbage a l l owance d u r i n g  

th i s  peri od appears to ha ve b e e n  fo r t h e  fo l l owi n g  rea s o n s : 

1 .  Dete rmi n i n g  what  gra z i ng  i n tens i t i es a re req u i red i n  o rde r 

to ach i eve t he  n eces s a ry c hanges  i n  cow cond i t i on b efo re 

ca l v i ng .  

2 .  Dete rmi n i n g  wh a t  g ra z i n g  i n tens i t i es a re req u i red  fol l ow i n g  

c a l vi n g  t o  mee t  t h e  cow ' s req u i reme n ts fo r mi l k  p roduc t i on . 

P roduc t i on  i n  e a r l y  l a c tat i on  may h a ve a n  effec t on th e 

prod uct i o n  o ve r  the  remai n d e r  o f  t he  l a c ta t i on ,  a l though 

t here i s  con s i de rab l e doub t a s  to t he  e x tent  o r  i lllp o rta n ce 

o f  th i s  effe c t  ( s ee  Chapter  1 . 1 . 3 ) . 

3 .  Es t i mat i ng  the  feed req u i reme nts o f  t he  da i ry C Oi'i a n d  h mv t h e  

i n take  of  the  d a i ry cow res ponds  to  d i ffe ren t  pas t u re 

cond i ti o n s . 

B ryant  a n d  Cook  ( 1 9 7 7 ) compare d  the  e ffects of  fou r  h e rb age  

a l l owan ces on the  i n take a nd mi l k  product i o n  of d a i ry cows i n  e a r l y  

l actat i on . Th i rty s ets o f  i de nt i  ea l tw i ns that  had  c a l ved on  

a ve ra ge 2 5  days pr i o r  to the s ta rt of  t he  e xperi men t  were d i v i ded  

b e tween the  fou r  h e rb age a l l owances . Pas ture y i e l ds were 

meas ured to ground  l eve l  b efore a n d  after  g ra z i n g  and  from th e s e  

4 5  

pa sture mea s u reme n ts i ntakes  we re e s t i ma te d . 

i n  Tab l e  1 . 9. 

Res u l ts a re s umma ri s e d  



Tab l e  1 . 9  The e ffect  of herb a ge a l l owance  on  cow perfo rman ce 
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and  t h e  s e veri ty of graz i n g  ( from B ryant and Cook , 19 7 7 ) . 

Tre a tmen t 

Herbage Al l owa n ce ( k g  OM covr 1 day - l ) 

Are a 2 ( m cow 
- 1  - 1 ) day 

Gra z i n g  

Mi l k  fa t 

Fat % 

Prote i n 

L a c tos e 

I n tens i ty ( cows 

( 
- 1  - 1 ) k g  cow d ay 

% 

% 

- 1  - 1  
h a .  d ay ) 

1 

5 2  

1 6  7 

60  

0 . 8 1 

4 . 5 1  

3 . 4 3  

5 . 0 3 

2 3 4 

40 26  1 3  

1 2 5  8 3  4 2  

80 1 20 2 38 

0 . 76 0 . 69  0 . 6 4 

4 .  33 4 . 3 1 4 . 33 

3 . 4 1 3 . 3 1  3 . 20 

5 . 05 4 . 99 4 .  9 8  

I·Je i  gh t c h a n g e  - 1  - 1  ( k g cow day ) + 0 . 30 + 0 .  70  + 0 . 2 5 - 0 . 14 

P a s t u re 

Pas t u re 

( 
- 1  _ , ) I n t a k e  k g  OM cow day � 

Y i e l d  
- 1  

( k g 0�1 h a . ) 

B e fo re Graz i n g 

After Gra z i n g  

% Uti l i ze d  

1 2 . 3  1 1 . 8  9 . 3  

3 1 3 3 3 1 9 4  3 1 2 4  

2 39 4  2 2 5 2  2008 

24  29  36  

P o i nts of  pa rti c u l a r  i n te res t from th i s  e xperi ment  are l i s te d  

be l ow .  

8 . 9 

30 5 7  

9 19 

70 

1 .  The  s e veri ty of  g raz i n g  i n c rea sed  a s  h e rb a ge a l l owance dec re a s e d  

b ut cm-1s we re not  p repa red  to i n crease t h e  s everi ty o f  graz i n g  

s uffi c i ent l y t o  mai nta i n i n tak e , fat y i e l d a n d  l i vewe i gh t ga i n s . 

2 .  I t  i s  not i ceab l e , that the re l a t i o ns h i p  between herb a ge 

a l l owan ce and  fat y i e l d appears to be  l i ne a r  rather  than 

c urv i l i near . 
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3 .  The  twi n s  i n  th i s  e xperi men t  we re o f  rel at i ve ly  l ow genet i c meri t .  

4 .  I t  was  cons i dered that  ne i th e r  t he  amo u n t  o f  DM rema i n i n g  

afte r  g r a z i n g  nor  th e percentage  u t i l i z at i on of t h e  DM o ffe red 

adeq uate l y  refl ected  the i n tens i ty of  graz i ng , and  h e rb a g e  

a l l owance  was  th e p re fe rred te rm . 

5 .  Th e e ffe cts of  the  t rea tmen ts p ers i s ted  a fter the exper i men t 

had  ceas e d . /Hte r fou r  \vee k s  o f  common graz i ng , p ro d uc t i on  

was  0 . 7 3 ,  0 . 69 ,  0 . 6 5  and  0 . 6 3 k g  fa t cow- 1 day- 1 fo r cows 

p rev i o us l y  g razed  i n  groups  1 -4 res p ect i ve l y . 

B ryan t ( 1 97 7a )  a l s o  exami ned  the  e ffects of  h e rbage  a l l owance  

on  mi l kfa t  y i e l d  a nd  l i vewe i g h t  ch ange  a t  two other  s t a ges d u r i ng  

l a ctat i on .  The  s ame h e rb age a l l ov;ances  as re po rted by B ryant  and  

Cook  ( 19 7 7 )  we re u s ed for fou r  weeks  i n  No vemb e r - Decemb e r  and  

for  th ree wee k s  i n  Ma rch . The res u l t s  a re s hown i n  Tab l e  1 . 10 .  

Tab l e  1 . 10 M i l k fa t  y i e l d a n d  l i vewe i gh t  c h a n g e  fo r h e rb a ge a l l owances  

offe red a t  tvJO s tages  o f  l ac ta t i on  ( 8 ryan t , l 9 7 7 a ) . 

-------·---------

T r· i a l  1 ( Nov - De c )  

Mi l k fa t Y i e l d ( k g cow- 1
day- 1 ) 

L .  . h t  C �  ( k g  C 0\" -
1
day -

l
) 1 vewe1  g r1 a n ge � 

Tr i a l  2 ( �1a rch ) 

Mi l k fa t  Y i e l d ( k g  cow- 1 day - 1 ) 

L i vewe i gh t  Ch ange  ( k g  cow- 1day- 1 ) 

H e rb a ge Al l owan ce ( k g OM cow
- 1

day
� ) 

5 3  40 26 1 3  

0 . 6 8 

0 .  35 

0 . 46 

0 . 6 7  

0 . 66 

0 .  35 

0 . 44 

0 . 90 

0 . 59 

0 . 09 

0 . 4 1  

0 . 6 3  

0 . 49 

- 0 . 1 5 

0 .  30 

- 0 . 12 

The res u l ts  i n  Tab l e  1 . 10 s how th a t  s ma l l e r i nc rea s e s  i n  mi l k fa t  

yi e l d  are ob ta i ned  from o ffe ri n g  i n c re a s e d  h erbage  a l l owances  t o  cows 

a t  th ese  l a ter  s ta ges of  l a ctati on . The  re l at i onsh i p  b e tween  h e rbage  

a l l owance a nd  mi l k fat  y i e l d  i n  mi d to l ate  l actat i on  appears to  be  



more c u rv i l i nea r than  the  re l a t i o ns h i p i n  e a r l y  l ac tat i o n . 

I n  a n  expe r i men t ,  more  s pe c i f i ca l l y  des i gned  to d e t e rmi ne  th e 

e ffe c ts o f  cond i t i on s co re a t  c a l v i n g  on mi l k  p roduct i on , the  h e rbage  

a l l owa n ce s , h e rb ag e  i n takes  a n d  the res i d ua l  h e rbage  y i e l ds were 

meas u re d  by the  E l l i nbank  ri s i n g p l a te gra s s  me te r fo r s e ve ra l  

g roups  o f  cows  i n  ear ly  l actati on  ( G ra i nge r ,  W i l h e l ms a n d  McGowan , 

1 9 7 8 ) . S ome data a re s hown i n  Tab l e  1 . 1 1 .  
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Tab l e 1 . 1 1  Herbage offe red , h e rb a ge i n ta ke  a nd  res i d ua l  h e rbage  y i e l d 

for two l eve l s  o f  fee d i ng  i n  week s  1 - 5  of  l a c ta t i on ·i n two 

years  ( Gra i n ge r ,  W i l h e l ms and  McGowan , 1 9 73 ) . 

H e rbage  Offe red 

( 
- 1  - 1 ) + 

k g  OM cow day - S O  

3 3 . 0  
+ 
- 4 . 4  
+ 

4 5 . 3 - 7 . 7  

8 . 6  + 
- 0 . 7  

9 . 9  
+ 
- 0 . 8  

( k g 
H e  rb uge  I n  take  Res i du a l  H e rb a ge 

- 1 - l ) + 
Dtv1 cow day � - s o  k g  OM h a � 1 � S O  

+ 
1 3 . 0  - 1 . 9 

+ 
1400 - 1 5 8  

+ 
1 5 . 0  - 2 . 2  + 

1870  -- 1 4 5  

7 . 0  + 
- 0 . 4 

+ 
500 - 1 50 

8 . 5  
+ 
- 0 . 3  

+ 
400 - 149 

Mi l k  p roduc t i on f i g ures a re n o t  gi ven a n d  i n  any c a s e  a re 

c on fou nded  by di f ferent  l eve l s  of  cow cond i t i on a t  ca l v i n g . Th e 
res u l ts  a re cons i s te n t  w i th p re v i o us h e rbage  a l l owance s tu d i es  i n  th a t  

a s  pa s tu re o ffe re d p e r  cow i nc re a s e s , h erbage  i n take  i n c re a s e s , b u t  

there i s  a l s o  a h i gher  res i d ua l h e rb a ge y i e l d  rema i n i ng a f te r  g ra z i n g . 

E xami n a t i on of  the  e ffe c ts o f  h e rbage  a l l owance  on the  l i vewe i gh t  

a n d  cond i t i on sco re changes  i n  pregn a n t , non - l ac ta ti ng  d a i ry cows h a s  

b e e n  ca rr i e d  o ut ·i n two recen t w i n te rs a t  Mas s ey Un i vers i ty ( Nott i n g h am 

1978 , H o l me s  1 980 ) . The  expe r i men ta l  techn i q ue of  o fferi n g  d i ffe re n t  

h e rbage  a l l owances  by adj u s t i n g  th e a reas o f  pas t u re offe red h a s  p roved 

v e ry u s e fu l  i n  determi n i n g  th e pas t u re req u i reme n ts o f  the d ry 

d a i ry cow . F or  examp l e th e conc l u s i ons  rea ch ed were tha t  fo r 

cow s  to ma i n ta i n  th e i r body cond i t i on a t  a c on s ta n t  l eve l ove r a 

per i od o f  a b o u t 40 days they n e e d  t o  cons ume 7 - 8 k g  pas t u re DM cow
- l  

day- 1 . I n  o rder t o  cons ume th i s  amo un t  the  c ows n ee ded  t o  b e  offered  



- 1 an  a l l owan ce o f  a bout  1 0  k g  OM cow da i l y .  H e rb age i n ta ke 

a l s o  i n creas e d  w i t h  r e s i d u a l  h e rb a g e  y i e l d s o  th a t  i n ta k e  c o u l d 

b e  p re d i cted from o b s e r va t i on s  o f  t h e  i n t e n s i ty o f  gra z i n g  e a c h  

day ( s ee F i g u re 1 . 3 ) . No tt i ngh am ( 1 9 7 8 ) s ug g e s te d  th a t  the 

e s t i ma ti o n  of y i e l d of p a s t u re rema i n i n g a f te r g ra z i n g  c o u l d be a 

u s e f u l  o n e - s te p  me t h o d  to g i ve fa rme rs a g u i d e  to e xpected 

l i vewe i gh t  and c o n d i t i o n  s co re c han ge . I n  F i g u res 1 . 2  and  1 . 3  

( from H o l mes , 1980 ) , the  re l a t i o ns h i ps b e tw e e n  h e rbage a l l ow a n c e  

a n d  h e rb age i n ta k e , and  res i du a l  y i e l d a n d  h e rb a ge i n take a re 

s h own . Th e p a s t u re y i e l d s b e fo re g ra z i n g  were 4020 , 3 3 2 0  a n d  

2 8 5 0  kg  O M  h a . -
1 

fo r G ro u p  A 1 9 7 8 , G r o u p  B 1978  a n d  1979  

re s pe c t i ve l y . Al l t h ree g ro u p s  o f  c ow s  h a d  v e ry s i mi l a r i n ta k es 

a t  t h e  s ame h e rb a ge a l l ow a n c e s  d es p i te t h e  d i ffe ren t h e rb a ge mas s es  

b efo re graz i ng , ( F i g u re 1 . 2 ) . I n  F i gure 1 . 3  we can s ee th a t  fo r 
a p a r t i c u l a r  res i d u a l  y i e l d ,  h er b a g e  i n take  was  h i g h e s t fo r t h e  

19 79 e xpe t' i men t ( l m'les t  0�1 y i e l d be fo re g ra z i ng ) , a n d  l ov1e s t  fo r 

G r o u p  A ,  19 78 , ( th e h i gh es t  D!� y i e l d b e fo re g ra z i n g ) . I t  i s  

a p p a re n t  from th e s e  re s u l ts t h u t  th e y i e l d  o f  h e rb a ge o f fe r e d  b e f o r e  

g ra z i n g  w i l l  i n fl u e n c e  th e y i e l d o f  p a s t u re remai n i n g a f te r g ra z i n g , 

w i th h i gh e r  p o s t- g ra z i n g  res i d u a l  y i e l ds req u i red fo r a g i v e n  i n ta k e  

w h e n  l o n ge r  p a s t u r e s  a re o ffe re d . 

A rece n t  comp re h e n s i v e e x p e r i me n t  i n v e s ti ga ti n g  the e f fe c ts 

o f  d a i l y  h e rb a ge a l l ow a n c e  o n  th e h e rb a ge i n ta k e  a n d  m i l k  p ro d u c ti o n  

o f  d a i ry cows \-Ja s  c o n d u c te d  b y  C omb e l l as a n d  H o d g s o n  ( 1 9 7 9 ) a t  t h e  

G ra s s l a n ds Re s e a rch I n s ti t u te , E n g l an d . Twe n ty - fo u r  8 r i ti s h 

F r i e s i a n c ow s  v1e re a l l o c a ted  between s i x  g ra z i n g  tre a tme n ts ( two 

l eve l s  of  h erb age ma s s  x th ree l evel s o f  da i l y h e rb age a l l owance ) i n  

a b a l an ced  chan ge- over  des i gn w i th fou r  peri ods  o f  1 2  days e a c h  a t  

mon th l y  i n te rva l s .  H e rb age o rgan i c  matte r mas s  ranged from 3790  

to 5 770 k g  ha . - 1 
mea s ured to ground  l evel , and  da i l y herbage  OM 

a l l owan ces  we re 30 , 6 0  and 90g  k g
- 1  

a n i ma l  l i vewe i gh t .  E s t i ma tes 

o f  h erbage  i n ta ke  we re made  b y  mea s uri n g  fae c a l  output us i ng C r2o3 
a s  a mar ke r , a n d  meas uri n g  the · � vi tro ' d i ges ti b i l i ty o f  ex trus a 

s ampl es from s i x  cows  f i s tu l a ted a t  the oes aphagu s . Th e cows  were 

49 



F i g .  1 . 2  

-------
» 

.(ij u 
?; 
0 u ....... 
2 0 
C7l _y_ 

QJ .:L 
ro 

�-� c 

Q; L 
::J .....-\/) 
ro 

Q_ 

F i g .  1 . 3  

>- 1 6  ro 
-o 
?; 
0 u -
:L 12 
0 
01 .X. 
V .X. 
111 ...... 
c 

0 

6 

2 

The re l a ti on between p a s t u re a l l owa nce  and the  i n ta ke  
o f  pas ture by  d ry cows ( F rom H o l mes , 1980 ) 

! l..---

a g ru u P ;'-'. l� 1 9  76 
o g rou p 8 J · 

x 1979 
L__ __ ___J 

0 5 10 15 20 2 5  

Pastur'e ,A. I I owa nce 
(kg /  DM /cow daily ) 

The  rel a t i on  between p o s t - g ra z i n g  re s i d u a l  y -i e l d  o f  

p a s  t u  re a n d  t h e  i n t a ke  o f  pa s tu  re by d ry C O\•J S 
( F rom H o l me s , 1 980 )  

400 800 

• g roup A }  1978 
o g roup 8 
X 1 979 

1200 1600 
Res id ual Yie ld ldter G raz ing 

1 kg OM / ha) 

1 800 

50 



i n  m i d l ac ta t i on and  grazed  pere n n i  a 1 ryegras s pas  tu  res . Some 

data  from th i s  experi ment  a re p resented  i n  Tab l e 1 . 1 2 .  

5 1  

Tab l e  1 . 1 2 The e ffe c ts o f  t hree  h erb age  a l l owances on the  h e rb a ge 

i n take , mi l k  p roduc t i on a nd d i ges t i b i l i ty o f  th e d i e t  

s e l ected by g ra z i ng  d a i ry cows 

H o dgs on , 1 9 79 ) .  

( Combe l l a s a nd 

Da i l y  Herb a ge A 1 1  0v1 a n ce 
( k g  OM lOO k g  LW- 1 ) 

Herb age 
Mas s 3 6 9 S E  mea n  

O M  I n take  I 1 1 . 4 1 3 . 5  12 . 8  * L 0 . 2 3  ( k g  c ovv- l day·· 1 )  
H 10 . 6  12 . 2  12 . 9  

* * *  
Mean  1 1 . 0  1 2 . 8  1 2 . 8  0 . 29  

Mi l k  Y i e l d * * *  
( k g  COVi- 1day- 1 ) t�ean  1 5 . 5  1 7 . 0  1 7 . 1  0 . 2 9 

Fat  % Me a n  3 . 4 9 3 . 34 3 .  4 3  0 . 0 6 2  N S  

P l�o te i n  % �1ean  3 . 70 3 . 6 5 3 .  70 0 . 05 2 NS 

D i ges t i b i l i ty of * *  
Di e t  Se l e c ted tv1e a n  0 . 792  0 . 802  0 . 80 3  0 . 0028  

He rbage orga n i c ma t te r  i n take  was  h i g h er  on th e l i ghter  than  on  

the h ea v i e r  h e rb age mas s , a l t h o u g h  th e d i ges t i b i l i ty of  the d i e t  

s e l ected  wa s not  a ffe c ted b y  h e rb a ge mas s . Mi l k  y i e l d w a s  not 

a ffec ted by herbage ma s s  b u t  was depres sed  at the l ow h e rb age 

a l l owance . The effi c i ency o f  g ra z i ng , defi ned  as  h erb age  i n take 

expre s s e d  a s  a p roport i on o f  the  h e rbage a l l owance , was 0 . 85 ,  0 . 49 a n d  

0 . 33 fo r a l l owan ces of 3 ,  6 a n d  9 k g  O M  1 0 0  k g  Lw - 1  res pect i ve l y .  

Beca u s e  d i ffe re n ces i n  i n ta k e  a t  t he  same a l l owance occur re d  when 

a l l owances  were offe red on d i ffe re n t  h e rb a ge mas s e s , the eff i c i enc i e s  

we re a p p rox i ma te l y  5 %  l ower o n  t rea tment  H th an  on t reatme n t  L .  Th us 

h erb age i n take  was  nea r  ma x i ma l whe n  graz i n g  e ffi c i e ncy was  about  

0 . 50 , i . e .  when  the a l l owance  was  equi va l en t  to twi ce i n ta ke . 



1 . 3 . 4  The Nature of  the  Rel at i ons h i p b e t��en Herbage Al l owance_ ,  

He t'b a�_n take and  An i ma l  Pe rfo rmance . A S ummacz.. 

I n  th i s  s e c ti on  an a t temp t w i l l  be made to re v i ew s ome o f  

the maj or  po i n ts t o  eme rge from the  expe r i ments de s c ri b e d  i n  the  

p rev i ou s  s e c t i o n . The fo l l ow i ng  p o i n ts w i l l  be  d i s c u s sed ; 

1 .  Th e asymp t o ti c na tu re o f  t h e  re l a t i o n s h i p b e tv1een h e rb a ge 

a l l ow a n ce a n d  h e rb a g e  i n t a ke . 

2 .  The i n fl u e n c e  o f  swa rd ch a racte r i s t i c s  o n  t h e  re l a t i o n s h i p .  

3 .  The i n fl u e n ce o f  h e rb age  a l l owa n ce on s e l e c t i ve g ra z i ng .  

4 .  Th e i n f l u e n c e  o f  h e rb a ge a l l owance on  mi l k  p ro d uc t i o n . 

5 2  

G re e nh a l gh et  a l . ( 1966 , 1 96 7 )  demo n s t ra t e d  th a t  t h e  re l a t i o n s h i p 

b e tween h e r b a g e  a l l ow a n ce and  h e rb a g e  i n ta k e  fo r gra z i n g  da i ry cows 

w a s  asympto t i c ,  i n t a k e  de c l i n i ng at a progres s i ve l y  fa s te r  ra te as 

h e rbage  a 1 ·1 mva nces  decreas ed . H ovteve r he rba g e s arn p  l i ng 1·� a s  n o t  
rna de to g ro un d  l e v e ·l i n  t h e s e  e xp e r i me n ts a n d  ·i t  w a s  a p p a re n t  th a t  
covis •t-�ere ab l e  t o  g ra z e h e rb a g e  frorn b e l m.; th i s  h e i g h t  o f  s am p l i n g .  

Mo re recen t l y  G i b b  a n d  T rea c h e r  ( 1 9 7 6 ) demo n s tra t e d  a n  a symp to t i c 
��e l a t i o n s h i p be tw e e n  11 e i�b a g e  a l l ow a n c e  a n d  h e rb o �J t.:  ·i ll t a ke fo r· l a mb s 
und  they re - d e f i n e d  l 1 e rb age a l l o11a. 1 1 c e  i n  te r111s o f  w e i gh t o f  h e rb a ge 

p e r  u n i t  o f  a n i ma l  l i vewe i gh t  wi th h e rb a � e  m e <1 s u r e rn e n t s b e i n g  made 

t o  g ro u n d  l e ve Herbage i n ta k e  and l amb g row th dec l i ned  q u i c k l y  

o n c e  the da i l y  h e rbage  a l l owance  fe l l b e l ow 60g OM k g  LW - 1  B e c a u s e  
o f  th e c o n f u s i o n o v e r  the  he i gh t o f  s amp l i n g o f  h e rbage i t  was  
u n c l e a r  a s t o  wh e t h e r  a s i mi l a r a symp to t i c re l a t i o n s h i p e x i s ted  fo r 
l a ctat i ng  da i ry cows . S te h r a.nd  K i rch ges s ner  ( 1 9 76 ) found  that  

i n ta k e  i n crea s ed p ro gres s i ve l y up  to d a i l y  h e rb age OM a l l owances  o f  

35  k g  cow
- l  ( a p p ro x i mate l y  50g k g  LW- 1 ) ,  b u t  aga ·i n they s amp l ed 

h erbage above g ro u n d  l eve l . 

The two e xper i ments by Comb e l l as and  Hodgson  ( 1 9 7 5 , 1 9 79 ) , h a ve 

e s tabl i s hed  an  asymptot i c re l a t i on s h i p  be tween h e rbage a l l owance  and  

h erb age  i n take  w i th a h e rbage  s ampl i n g h e i g h t  to  g ro und  l e vel . 

The res u l ts a re s i mi l ar to tho se  o f  Gi bb  a n d  Treacher  ( 1 9 76 ) i n  

th at once the d a i l y  OM a l l owance fe l l  be l ow 60g DM k g  LW - 1 , a dec l i ne 



i n  h e rb age i n take  a t  an  ever  i n c rea s i ng rate occu rred . Green h a l gh 

et a l . ( 1966 ) s ugges t an  a sympto t i c rel a t i on s h i p b e tw e e n  h erbage 

a l l owance  and h e rb a ge i n take  i mp l i es th a t  th e re w i l l  be  an  o pt i mum 

mi n i ma l  a l l ow a n c e  w h i c h a l l ows n e a r  max i ma l  h e rb a ge i n t a k e . Above  
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t h i s  so  c a l l e d opt i mum a l l ow a n ce t h e re i s  cons i derab l e  f l e x i b i l i ty 

i n  the  amo u n t  o f  f e e d  th a t  c a n  b e  o f fe r e d  w i t h o u t  s e r i ous l y  re d u c i n g  

i n t a k e  pe r c ow . B e c a u s e  a n i ma l  i n t a k e  a n d  p e rfo rm a n c e  re s po n d  to 

swa rd v a r i a b l e s oth e r  t h a n  t h e  we i gh t o f  h e rb a ge o f fe red  a l on e, i t  

i s  p robab l y  unvl i s e  to t ry a n d  de fi ne  an ' o p t i mum h e rb a ge a "l l o�t1a n c e ' 

w i t h o u t  re c o gn i s i n g th e i n fl u e n ce o f  the  o t h e r  s w a r d  v a r i a b l e s  on  

h e rb a g e  i n take . 

Th e re l a t i o ns h i p  be tween h e rb a g e a l l 01-..ra n ce a n d  h e rb a ge i n t a k e  
i s  a fun c t i o n o f  the ra te a t  v1h i ch a n i ma l s g r a z e  d ovm t o  s ome 

l i mi t i n g we i gh t  o r  h e i gh t be l ow wh i ch t h e  p re h en s i o n o f  h e rb age 

b ecomes p ro g res s i ve l y  mo re d i f f i c u l t .  T h i s i s  due  to th e we i gh t  

o f  h e rb a g e  h a r ve s te d  p e r  b i te fa l l i n g as  a n i ma l s  g raze  dow n th ro u g h  

a swa rd ( J ami e s o n , c i te d  by H o d g s o n , 1 9 76 ) . As h a s  a l re a dy )een  

d i s c u s s ed , t h e  s w a rd canopy s truc t u re w i l l  i n f l u e n c e t h e  wei g h t  o r  

h e i gh t  o f  h e rbage  b e l ow 1-..rh i c h b "i te s i ze fa l l s .  Th e re fo re vari a t i ons  

i n  t h e b o t a n i c a l  compos i t i o n ,  l e n g th , dens i ty a n d  h e rb a g e  yi e l ds 

b e tween p a s t u re s  m i g h t be e xpec te d  t o  a l t e l" t h e  re l a t i o n s h i p  b e tl'le e n  

h e rb a ge a l l owance a n d  h e rb a g e  i n ta k e . 

I n  t h e  e xpe r i me n t  of Gre e n h a l gh e t  a l . ( 1 9 6 6 ) , tvm e x t reme s o f  

p a s t u re cond i t i o n s  u n d e r  w h i ch h e rb age a l l ow a n c e s  w e re o f fe r e d  d i d 
n o t  a p pear  to i n fl u en ce h e rbage  i n take . H owe v e r  vJh e n  s i m i l a r 
h e rb age a l l ow a n c e s  were o f fe re d  o n  p a s t u r e s  o f  two d i ffe re n t herbage  

y i e l ds by  Combe l l a s and  Hodgs o n  ( 1 9 7 9 ) th e re we re s i gn i f i c a n t  

reduct i o n s  i n  h e rb a ge i n take c a u s e d  by offe r i n g  a n  a l l owa n ce a t  a 

h i gh er  h erbage y i e l d b e fo re graz i n g . Ho l me s  ( 1 980 ) was  u nab l e  to 

s how an e ffec t  of d i ffe rences i n  h e rb a ge y i e l d be fo re gra z i ng  on  

the  re l a t i ons h i p  between herbage a l l owance a n d  h e rb a ge i n take  w i th 

d ry cows . Where e xper i me n ts h a ve b een des i gned to l ook  a t  the 

e ffects  of  d i fferent  pas ture cond i t i ons  on  h e rbage  i n tak e , the  range  

of  pas t u re condi t i on s  ha s  not  b een  a s  l arge a s  i n tended , ( Combe l l a s  

an  d H o  cl g s on  , 1 9  7 9 ; Ho  l me  s , 19  80  ) . 



The  re l at i on s h i p between h e rb age a l l owance  and  h e rb a ge i n take  

( and  an i ma l  pe r fo rma nce ) i s  a l s o a fun c t i on o f  the q u a l i ty o f  the  

d i et  s e l e c ted . As h e rbage  a l l owance i n c rea ses the an i ma l  i s  

confronted  wi th  g reater  opportun i ty to s e l ec t  prefe rred herbage  a n d  

the re fore cons umes h erbage o f  a h i gher  d i ges t i b i l i ty ( Greenh a l gh e t  

a l . 1 966 ; Combe l l as a n d  Hodgs on , 1979 ) . S tobbs ( 1 9 7 7 ) found t hat  

a s  h e rb age a l l owance i n c re a s e d  on  a trop i ca l  pas ture swa rd , 

l ac ta t i n g  da i ry cows s e l e c ted  a h i gher % o f  l eaf  i n  pre fe rence  to 

s tem , and cons e q uen t l y  h e rb a ge w i th a s i g n i fi cant l y  h i g her  organ i c  

matter  d i ge st i b i l i ty ,  n i trogen and  ca l c i um conten t .  Cows th a t  
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grazed  the  l owes t  a l l owance were fo rced to eat  more s tem t h a n  l ea f  i n  

the i r d i ets , a n d  h ad  to graze  l e aves  from l ower i n  the  swa rd th a n  the  

cows o ffe re d the h i ghe s t  a l l owance . Cons eq ue n t l y  the q ua l i ty o f  the  

herbage  eaten  de c l i ned  as we l l  a s  t he  q ua n t i ty .  

The  re l a t i o n s h i p  between h e rb a ge a l l owance  and  the y i e l d  o f  mi l k  

and  i ts cons t i tuents a ppears to h ave a s im il a r  asympto t i c n a t u re as  the  

re l a t i o n s h i p  wi th  h e rba ge i n take , ( Greenh a l gh et  a l . 1 966 ; 

Comb e l l a s and  Hodgson , 1 9 79 ; S tobbs , 19 7 7 ) . Howe ve r ,  th e e xperi ments 

of  B ryant  ( 1 9 77a ) s ugges t th a t  th e nature of  th e res p o n s e  of  the d a i ry 

cow to  h erbage a l l owa nce wi l l  b e  a l tered by the  cov/ s s tage  of  l a ctat i on . 

Cows i n  e arl y l a c ta t i on appe a r  to res pond  i n  l a rger i n c reme n ts of  

mi l kfat  y i e l d to  extra h e rbage  a l l owance than  do cows i n  mi d and  l a te 

l actat i on . The mi l k  y i e l d re s pons e of t he  dai ry cow to ex tra 

h e rba ge o ffered w i l l  be  a ffected by the part i t i on of di e t a ry ene rgy 

b etween  body t i s s ue g a i n and  mi l k  p roduc t i o n . The re fo re l i vewe i g h t  

c h a n g e  as  we l l as  mi l k  prod u c t i on  w i l l  be  a refl ecti on o f  any 

res pons e  to  e xtra herbage  offe re d . Gree n h a l gh e t  a l . ( 1 966 ) noted  

that  t he  mi l k  pro d u c ti on  di ffe ren ces  between cows o ffe red d i fferen t 

h erb age  a l l owances  we re s ma l l ,  a n d  not  cons i s ten t wi th i n ta ke  

d i ffe re nces . However when l i vewe i gh t  d ata  wa s  added th�re wa s  a 

mo re cons i s tent  res ponse  o f  a n i ma l  p roduct i on  to  d i ffe ren ces  i n  

h erb age  a l l owance and  i n take . 

Th e re i s  s ome ev i dence to  s ug ge s t that  the  e ffects  o f  h e rbage  

a l l owan ce  on  mi l k  y i e l d wou l d v ary a c co rd i n g  to th e genera l l eve l o f  

p roduct i on  o f  the cows ( Greenh a l gh e t  a l . ,  1 966 ; Combe l l as and  



Hodgs o n , 1 9 7 5 ) . Cows o f  h i gher  mi l k  y i e l d  may b e  mo re s en s i ti ve 

to res t ri ct i ons  i n  h erb age a l l owance th an  l owe r y i e l di ng  cows 

( Comb e l l as and Hodgs o n , 1 9 7 5 ) . E v i dence o f  th e effe c ts of h e rb a ge 

a l l owan ce o n  cows o f  d i ffe re nt  poten t i a l  fo r mi l k  produc t i o n  i s  

l i m i ted . 
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T h e  e ffec ts o f  h e rb a ge a l l owance  on  mi l k  compos i ti on a re gen era l ly 

cons i s tent  wi th the p rev i o u s l y  rev i ewed effe c ts o f  l e vel  o f  n utr i t i o n  

on  mi l k  compos i t i o n ( s ee Chapter  1 . 1 . 4 ) , a l t h o u gh th e trends  are n o t  

q u i te s o  marked  as  they we re i n  s ome of  t h e  e xper i men ts mo re 

s pe c i f i ca l l y  des i gned  to s tu dy mi l k  compos i t i on .  F at  percen tages 

decreased  as  herbage a l l owance  i n c reased  i n  the  experi men ts o f  

G reenha l gh et  a l . ( 1966 ) , a n d  Combe l l as and  Hodgs o n  ( 1 9 75 ) . I n  the  

experi men ts by B ryant  a n d  Cook  ( 19 7 7 ) a nd  Combe l l as and  Hodgson ( 1 9 79 ) 

the effects  of  i n c rea s i n g h e rbage  a l l owance o n  mi l k fat  percen tage 

were not cons i s tent . Th e h i ghes t a l l owance offe red  i n  B ryant  and 

Cook ' s  e xperi me n t  res u l ted i n  the  h i ghes t mi l k fa t  percentage  and  th i s  

was  a l s o the cas e i n  t he  e x peri ment  by S tobbs  ( 1 9 7 7 ) . 

Mi l k  p ro te i n perce n tages  i n c reas ed as h e rb a ge a l l owan ce i n c rea sed 

i n  the  exper i me n ts o f  Greenh a  l gh e t  a l . ( 1966 ) , Combe l l  a s  a n d  

H o d g s o n  ( 1 9 7 5 ) , B ryan t and  Cook  ( 19 7 7 )  and  S tobbs  ( 1 9 7 7 ) , b u t  th e re 

was  no  cons i s tent  effec t  o f  herbage  a l l owance on mi l k  prote i n 

p e rcentage  i n  the  exper i me n t  by Combe l l as and  Hodg s on ( 19 79 ) . 

Tota l s o l i ds - not - fat co n ten t i ncreases  w i th i n creas i n g h e rbage  

a l l owance . Lactos e percen tages  were i n c rea s ed by  i ncreas e d  feed 

o ffe red i n  the e xperi men ts o f  Greenha  l gh et a l . ( 1966 ) , B ryan t 

a n d  Cook ( 1 9 7 7 ) and Combe l l as and  Hodgson  ( 1 9 79 ) . 

S tobb s  ( 19 7 7 ) fo und  th a t  the mo l a r percentages  of the  s h o rt 

c ha i n fatty ac i ds  of mi l k fat  ( C6 , c8 , c 10 , c 10 : 1 ' c 1 2  and  c 14 ) 

i n c reased  ( P < 0 . 00 1 ) a s  cows were o ffe red more h erb age . Con ve rs e l y  

t h e  o l e i c  a c i d ( c 18 : 1
) con ten t  of mi l k fat  decreased  ( P < 0 . 00 1 ) 

w i th i ncreased  h e rbage  a l l owance . The re l a t i ve contri b ut i ons  

there fore o f  n u tri ents  deri ved  from feed  a n d  metab o l i sm o f  b ody 

res erves cou l d there fo re be a s s e s s ed . The fa t ty ac i d  a n a ly s i s  

s ug ges ts t h at  an i ma l s o ffe red l ow h e rbage  a l l owances were drawi ng  



upon  body res e rves to a g reater  exte n t  th a n  c ows offe red h i gh 

h e rb a ge a l l owances . Th i s  tech n i q ue p roved  u s eful  i n  a s s es s i ng 

cha n ges  i n  a cow ' s  body res e rves a s  1 i vewe i  g h t  mea s urements  o f  

cows were i ns e n s i t i ve due t o  vary i ng  amo un ts o f  g u t  fi l l . vJh i l e  

severa l  res earch e rs h a ve meas u red  h i g her  l i vewe i ght  g a i ns  o r  

l ower l i vewe i gh t  l os s es  as h e rb age a l l owance i ncreases , ( Greenh a l g h  

et  a l . 1966 , 1 96 7 ;  B ryant  and  Coo k , 1 9 7 7 ; B ryant , 1 9 7 7 a ; H o l me s , 

1980 ) , th e extent  to wh i ch i n c reas es  i n  h e rb age  i ntake  and  th e re fo re 

gut  fi l l  have c o ntr i b uted  to th i s  t rend  i s  u n c l ear . Methods  s uch  

as mi l k fat  fa tty ac i d a n a l y s i s  u sed  by  S tobb s  ( 1 9 7 7 ) , a nd  ob serv i n g  

con d i t i on s co re c h a n ges  ( Nott i ngham , 1 9 7 8 ; H o l mes , 1 980 ) h a ve 

overcome th i s  p rob l em to  s ome e xten t .  

1 .  3 .  5 Con c l u s i o n s  

Herbage a l l owan ce h a s  be come a p re fe rre d te rm fo r us e by 
da i ry cow n utri t i o n i s ts i n  expres s i n g the un i t  of herbage  o ffe red 

per  cow i n  a g ra z i ng sy s tem , a nd  i n  de termi n i n g the l i ke l y  i n t a k e  

a nd  p roduct i on  re s po n s e s  t o  th at  pa rti c u l a r  u n i t o f  herb age . 

The re l a t i onsh i p  b e tween herb a ge a l l owance a n d  herbage i n take  i s  

a symptot i c i n  n a t u re , a nd  th i s  s ugge s ts cons i de rab l e fl e x i b i l i ty i n  

the g ra z i ng  manageme n t  prac ti ces th at  may b e  u sed  i n  o rder  to s up p l y  

s u ffi c i ent  q uanti t i e s  o f  herbage  t o  gra z i n g  d a i ry cows . 

Because  of the con s i derab l e  n umber  o f  sward  vari ab l e s  to  
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w h i ch the g raz i ng  a n i ma l  has been s hown to  res pond , i t  has become 

c l ea r  th at the re l a t i o ns h i p  between herbage  a l l owance a n d  h e rb a ge 

i n ta k e  needs to b e  defi ned  s pec i fi c a l ly  for part i cu l ar p a s t u re type s , 

a n d  d i ffe rent  pas tu re ch a ra cter i s t i c s  w i t h i n  th at  type . 

Th ere seems to  b e  l i ttl e q ua n ti tati ve i n fo rmati on a s  to the 

s peci f i c pas ture req u i remen ts of  the da i ry cow i n  re l at i o n  to mi l k  

p roduc t i on i n  e ar ly  l a ctat i on . A defi n i t i on o f  herbage  a l l owance  

req u i rements  fo r a da i ry cow i n  ear ly  l a ctat i o n , under  s pec i fi c 

p a s t u re cond i t i on s , wou l d enab l e  s easona l  d a i ry fa rmers to p l an  

h erd a n d  pa sture manageme n t  i n  the  w i n te r  a n d  s p ri ng pe ri od  on a 

mo re object i ve b as i s .  No  h e rbage  a l l owance  s tu d i es wi th l a ctat i ng  



da i ry cows h a d  p re v i o us l y  b een attempted o n  predomi n a n t l y  rye g ras s ­

w h i te c l o ve r  pas t u res typ i ca l  o f  the Ma nawa t u  and  many other  New 

Zea l and  da i ry i n g  d i s tr i cts . Th e o n l y  pre v i ous  New Zea l and  s t u dy 

o f  herb age a l l owan ces  w i th da i ry cows h a d  been  at  Rua k u ra by 

B ryant  and Cook  ( 1 9 7 7 ) on  pas tures  that  h ave a d i ffe rent  b o tan i c a l  

compos i ti on .  

I n  severa l  e a r l i e r experi me n ts conce rn e d  wi th the l eve l  o f  

feed i ng  o f  th e g ra z i n g  da i ry cow , q u a nt i tat i ve  i n forma t i o n  o n  the  

l eve l s o f  fee d i n g  was  not  a va i l ab l e  ( e . g .  F l u x  and  Patch e l l ,  1 9 54 ) . 

Th e refore an ob j e ct i ve of  th i s  e xperi me n t  was to obta i n  e s t i ma te s  

o f  herbage i n ta ke  a s  wel l as  h erbage a l l owance  meas uremen ts . The 

experi ment  a l s o  p ro v i ded  an oppo rtun i ty to  e xami ne some of the 

l o nger  term res ponses  of da i ry cows to e a rl y l actati o n  l e ve l o f  

fee d i n g  under  cond i t i o n s  wh e re the l e ve l s  o f  feed i ng h a d  b een  

q uant i fi ed . 
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I n  e a rl i er h e rb age a l l owance exper i me n ts t h e  mean effe cts o f  

herbage a l l owa nce o ffe red , o n  a gro u p  o f  cows h ad b een re ported . 

Gree n h a l gh et a l . ( 1966 ) h a d  no ted a p o s s i b l e  vari at i on  i n  the respons e  

of  cows a t  d i f fe rent  l e ve l s  of  product i o n  t o  h e rb age a l l owance . 

Comb e l l as and Hodg son  ( 1975 ) i n ves t i gated  th i s  po i nt  furth e r  an d 

s ugges ted that h i g her  y ·i e l d i ng  cows may b e  mo re s en s i t i ve to chan ges 

i n  h e rbage i n take b ro u g h t  about by chan ges  i n  he rbage  a l l owance , 

th an l ower y i e l d i ng  cows . A l o ng term o b j e c t i ve o f  the Da i ry 

H u s ban dry Depa rtme n t  i s  th e i n ves ti g at i o n  o f  d i ffe re nces between cows 

of h i gh and l ow genet i c me ri t ,  pa rt i c u l a r l y  w i th re s pect  to the 

i n teracti on  of  d i fferences  i n  gra z i ng  p re s s u re and gene t i c me ri t .  

I ntere s t  i n  th i s  face t o f  da i ry p roduct i o n  mea n t  th at  the 

opportun i ty was taken to i n ves t i gate d i fferences  between h i gh and 

l ow p ro d uc i n g cows w i th i n  the l i mi ts of the s ma l l n umbe r  o f  a n i ma l s 

ava i l ab l e  fo r s e l e c t i o n  i n  the Mas s ey U n i v e rs i ty herds . 



CHAPTER TWO 



E X P ER I MENTAL METHODS 

2 . 1  Expe r i me n t a l  Des i gn 

The Expe r i me n t  cons i s ted of  th ree per i ods ; 

Pe r i od I A c o va r i a nce pe r i od  ( 2 2 /8/ 7 8  - 1 1/ 9 / 78 ) . 
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Mea s u reme n ts of  m i l k  y i e l d a nd  compo s i ti on  were made for  three 

days pe r week  fo r th ree week s , and th e mea n  da i l y y i e l ds for 

each cow we re used a s  cova r i a te s  i n  the a na l ys i s  of  the e ffec ts 

of  herb age  a l l owance on mi l k  p rod u c ti on . Dur i ng  th i s  per i od  the 

expe r i me n ta l  cows we re ma naged  as p art  of  the ma i n  No . 3  h erd . 

Per i od I I  An exper i me n ta l  per i od  ( fi ve wee k s  from 1 2/ 9 / 7 8  - 1 3/ 1 0 / 7 8 ) . 

Th ree g ro u p s  o f  s i x  cows ( l ow ,  modera te and  h i gh tre a tmen ts ) 

we re each  o ffered a new a rea o f  pas tu re da i l y wh i ch was  i n ten ded 

to prov i de a d a i l y  h erbage  a l l owance of 1 5 , 35  and  55  kg OM cow
- l  

d - 1 
. l ay for  e ach group  res pect1 ve  y .  Meas ureme nts o f  h e rbage  

i n take , mi l k  y i e l d ,  mi l k fa t  a n d  mi l k  pro te i n y i e l ds  were  made 

d u r i ng  th i s  per i o d  as  were l i vewe i g h t  a nd cond i ti on s c o re 

changes  ( s e e  Tab l e  2 . 1 ) . Wee k l y  tre a tme n t  means  for da i l y mi l k ,  

mi l kfat  and  mi l k  p ro te i n  y i e l ds we re adj us te d  by covar i a n ce 

a n a l y s i s  u s i ng the mea n  da i l y  y i e l ds fo r each  cow meas ured  d ur i ng  

p e r i o d  I a s  covari a te s . 

The expe r i menta l  des i g n a l s o  a l l owed fo r th e fa ctor i a l  a n a l ys i s  

of the effects of the th ree herbage  a l l owances on the m i l k  

p ro duct i o n  and  l i vewe i gh t change  of  cows o f  two phenoty pes , 

( h i gh a n d  l ow m i l k fa t  product i o n ) . 

Pe ri od I I I  The pos t- expe ri menta l  per i od  ( 1 3 / 10/78  - 1 /5/79 ) . 

At the e n d  o f  per i o d  I I  a l l exper i menta l  cows were g ra zed w i th 

th e No . 3  da i ry herd and  were n o t  req u i red for any fu rth e r  

exper i me n ts d u ri ng  the da i ry s e a s o n . Al l a n i ma l s rece i ved 

s i mi l a r graz i ng and  mi l k i ng management  dur i ng  th i s  peri o d . 



Tab l e  2 . 1 The E xper i men ta l  Des i gn and  P roced ure 

Pe ri od 

P re l i mi n a ry Per i od 
2 2 /8/ 7 8  - 1 1/ 9 / 7 8  

Obj e cti ve : 
To meas u re betwee n - cow va ri at i on  
i n  mi l k  p rod uct i o n  under  common 
man a geme n t  

Ma nageme n t : 
Experi men ta l cows  managed  a s  p a rt 
of  the No . 3  da i ry h e rd 

Mea s u remen ts : 

For  Each  Cow 

Mi l k  Y i e l d } 
Mi l k fa t  Y i e l d  
Mi l k  Prote i n  Y i e l d 

me as ured on  th ree 
con sec ut i ve days 
p e r  week  

Cel l Cou n ts - one per  week  
I n i t i a l  L i vewe i gh t 
I n i t i a l  Cond i t i on  S c o re 

P e r i od I I  

Trea tme n t  Per i od  
1 2/9/ 78 - 1 2 / 1 0 / 7 8  

Ob j ect i ve : 
To e xami n e  the  e ffec ts of  th ree herb a ge 
a l l owan ces on th e pas ture i n take , m i l k  
produ ct i on  a n d  l i vewei gh t changes of  
dai ry cows 

�1an agemen t :  
He rbage a l l owa nces  o f  1 5 , 3 5  and  5 5  
kg  O M  cow - 1 day - 1 offe re d da i l y  

Me as  u remen ts : 

For Each  H e rb age Al l owance 

Pas ture Offered } 
Pas ture Rema i n i n g Da i l y 
Appa ren t Pa s ture I n ta ke  

Qua l i ty o f  Pa s tu re OM  s e l e c ted 
1 . P rote i n % 
2 .  ADF % 
3 .  OM d i ges t i b i l i ty % 

For Each  Cow 

M i l k  Y i e l d  } 
Mi l k fa t  Y i e l d  
Mi l k  P rotei n Y i e l d  

Ce l l  Counts  
L i vewe i g ht  
Con d i t i on S core } 

meas ure d  on  fo u r  
cons ecut i ve days 
per week 

Week l y  

Per i od  I I I  

Pos t - Treatme n t  Pe ri o d  
1 3 / 10/ 78  - 1 / 5 / 79 

Obj ect i ve : 
To e xami ne the I c a r ry - o ve r  1 effec ts 
o f  th ree l e ve l s  of  feed i n g i n  ear ly  
l actat i on  on  s ub s eq ue n t  mi l k fa t  
p roduct i on 

Managemen t :  
E xpe ri me n ta l  cows man a ged  a s  p art 
of th e No . 3  da i ry h e rd 

Meas u remen ts : 

For Each Cow 

Mi l k  Y i e l d  
Mi l k fa t Y i e 1 d 

Wee k l y  u n t i l 2 1/ 1 2 / 78 
Fortn i gh t l y  from 
2 1/ 1 2 / 7 8  to 1/ 5/ 79 

/ 

U1 
<.0 



M i l k  a n d  mi l k fa t  y i e l ds were recorded week l y  u n t i l 2 1/ 1 2 / 7 8 , 

a n d  then  fortn i gh t ly  u n t i l 28/4/ 7 9 . The herd was  dr i ed  off  

on  the 1 s t  of  May 1979 . The tota l mi l k fat  product i on ( k g  

cow - 1 ) fo r each  cow from the e n d  o f  peri od  I I u n t i  1 d ry i n g  

off  w a s  adj u s ted by t h e  us e o f  the tota l fat y i e l ds ob ta i ned  

fo r each  c ow i n  per i od I as  covar i a tes . 

2 . 2  The Experi me n ta l  Area 

The experi men t  11as ea rri ed o u t  dur i n g  the 1978- 1 9 79 da i ry 

s ea s on a t  the No . 3  Da i ry Res ea rch  a n d  Deve l opme n t  Uni t ,  Mas s ey 

Un i ve rs i ty .  The fa rm a rea  i s  4 5  h a . a nd  a pprox i ma te l y  100 cows 

a re mi l ked  p l us t he i r rep l a ceme n ts . The maj o r i ty of s tock  ca rri ed 

a re mono zygot i c twi ns used  fo r exper i menta l  p urpos es . 

The  s o i l ty pe  i s  Tokoma r u  s i l t  l oam , a s o i l wh i ch cons i s ts of  

a 1 5 - 30 cm  l ayer o f  heavy s i l t  a bove a mo ttl ed c l ay l oam . Th i s  

s o i l type  req u i re s  dra i nage d u ri ng  the wi n ter  a n d  the fa rm i s  t i l e  

and  mo l e  d ra i ned . 

Th e u n i t was de ve l o ped fo r d a i ry i ng by Mas s ey Un i vers i ty 

a pproxi mate l y  twe n ty yea rs a go . Because  much of  the e xper i menta l  

work i n vo l ves t he  eva l uat i on o f  new p a s t u re s pec i es , p a s tures  are 

res own feq ue n t l y . Pas tu res a re to pdres s e d  w i th 375  k g  h a . - 1 of  

1 5% potas s i c s uperphos phate a n n u a l l y .  

2 . 3  The E xperi menta l  Pas tures 

The pas tures at  N o . 3  Res e a rch and Deve l opme n t  Un i t a re made 

up pri n c i pa l l y  of a mi xture of rye gras s va r i et i es  ( Lo l i um �- ) 
a n d  wh i te c l o ve r ,  ( Tri fo l i um repe n s ) . The  rye g rasses fo un d 

i n c l ude Man awa , Ari k i  a nd  Ruan u i , w h i l e  sma l l proporti o n s  o f  

c o c k s foot  ( Dacty l i s  gl omerata ) a n d  pra i ri e  g ras s ( B romus un i l o i des ) 
a re a l s o  fou n d  i n  the  pastures . 

The p a s t u res u sed  i n  the e xp e ri me n t  we re s e l ec ted s o  tha t ;  
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( 1 ) p a s t u re compos i t i on was re p re s e n tat i ve o f  th e abo ve des c ri pt i on , 

and  ( 2 ) pas tures were i n  the i r s econd  o r  s ub s eq uent  year  a fte r 

res ow i ng .  The re was a l s o s ome s e l ect i on  beca use  of the  s h ape o f  

paddock s ,  a rectang u l a r  paddock  be i ng  eas i er to s ubd i v i de i n to th e 

a reas  req u i red fo r offer i ng  d a i l y  h e rbage  a l l owances . 

S e l e c ted paddocks  were progre s s i ve ly  remo ved from the g ra z i ng  

ro ta t i on of  the  ma i n  h erd from m i d - J u l y  onward s o  th a t  th e pas ture s  

g ra zed i n  th e fi rs t th ree wee k s  o f  t h e  experi men t ,  ( paddocks  2 7 , 18 , 

19 , 1 1 ) h ad not  b een  g razed for 9 - 1 2  week s  s i nce  a prev i o us graz i ng 

w i th d ry cows . The pas tures  u sed  i n  th e f i  na 1 two weeks o f  th e 

trea tmen t  per i od h ad not  been g razed  for 3 - 5 weeks and  h a d  p rev i o us l y  

b een g razed  by l ac ta t i n g  cows a s  p art  o f  the  norma l graz i ng ro ta t i on . 

De ta i l s  o f  the  expe ri me n ta l  pas t u res  are g i ven i n  Tab l e  2 . 2 .  The  

mean OM  y i e l d before gra z i ng of  26 10 k g  OM  h a - 1 
i n  fac t  d i ffe rs from 

th e mea n  OM y i e l d of the herbage  o ffe red to the cows becau se  of the  

var i a t i on i n  the n umbe r  of  days i n  wh i ch cows gra zed each  pa ddock . 

Tab l e 2 . 2  The e xpe r i me n t a l  pa s tures 

Paddock  No . Da te Grazed 

27  12/9  - 1 5/9  

19 16/9 - 1 8/9  

18  19/9  - 2 2/9  

1 1  2 3/9  - 2 7 / 9  

4 1  28/9 - 30/9 

40 1/ 10 - 3/ 10 

1 4/ 10 - 5 / 10 

8 6/ 10 - 7/ 10 

5 8/ 10 

1 7  9 / 1 0  - 1 2 / 1 0  

k g  OM - 1  ha  before 

2 72 7  

2968  

30 18  

34 1 3  

2242  

2475  

2707  

204 3  

2 2 83 

2 2 2 5  

graz i ng 

Mean DMY 26 10 kg OM h a  
- 1 



2 . 4  The Experi men ta l  An i ma l s 

E i gh teen cows , o f  mi xed b reed  we re u sed  i n  the e xper i ment . 

Th es e  c ows cons i s ted o f  n i ne ' h i gh '  a n d  n i ne ' l ow '  mi l k fa t  

p roducers  wh i ch h a d  been  s e l ected  i n  o rde r to exami ne the  res ponses  
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o f  cows o f  d i ffe re nt  phenotyp i c me ri t ,  to the  th ree h e rb age  a l l owances  

offe red . Th e cr i te ri a u sed  fo r s e l ect i o n  o f  ' h i gh '  a n d  ' l ow '  

producers  was  ba sed  on the L i fe t i me P roducti on  I n dex ( L i ves tock  

I mproveme n t  As s oc i a t i on , H e rd Tes t Da ta ) . 

th i rd o r  s ub s eq ue n t  l actat i on . 

Al l cows were i n  th e i r 

At th e e n d  o f  the p re l i mi na ry p e ri od , ( Per i od I ) , the  cows 

we re p l a ced  i n  g ro u p s  of th ree , the th ree cows h a v i ng s i mi l a r  

c haracte ri s t i c s accord i ng to 

1 .  t he i r c u rrent  mi l k fa t  p ro d u c t i o n  meas u red  i n  p e r i o d  I .  

2 .  l i fe t i me p roduct i on i ndex  

3 .  b reed  

4 .  a ge . 

The  thre e  cows i n  each g ro u p  were then a l l ocated ra ndoml y to 

the t h ree  h e rbage  a l l owances . Th i s  res u l ted i n  th ree g ro ups  o f  

s i x  cows . E ach  group con s i s ted o f  th ree ' h i gh '  a n d  th ree ' l ow '  

p roduc i n g cows . De ta i l s  o f  the exper i menta l  cows a n d  th e i r 

treatmen t g ro ups  a re s h own i n  Tab l e  2 . 3 . 

Al l cows c a l ve d w i th i n a per i o d  o f  26 days ( 2 1/ 7  - 16/8 ) w i th 

the mea n c a l v i ng  d ate 29 th J u l y . Th i s  mea n t  that  the cows h a d  

c a l ved o n  average  4 6  days  p ri o r  to  the  commen cement  of  t h e  

e xpe r i me n t a l  p er i od  ( Per i o d  I I ) . 
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2 . 5  Pas ture Meas u rements  

Meas urements of the req u i re d pas t u re pa rameters we re ma de d u ri n g  

pe ri od  I I  o f  t h e  e xpe r i men t ,  when t h e  c ows were o ffe re d d i ffere n t  

herbage  a l l owa n ces . 

The meas u rements  we re : 

( 1 ) the  DM y i e l d of  the pas t u re on  offe r ( k g  DM h a � 1 ) 

( 2 )  the  DM y i e l d o f  the pas t u re rema i n i ng  afte r g ra z i n g  

( k g  D M  h a � 1 ) 

( 3 )  t h e  a re as  o f  pas t u  re grazed  e a ch day . 

S amp l es  of  h e rbage  offe red and  h e rb a ge rema i n i n g after  g r a z i ng 

we re co l l ected  fo r chemi ca l  ana l ys i s .  

2 . 5 . 1 The Dai ly H e rb age Al l owa n ce Offe red 

The th ree h e rbage  a l l owan ces o ffe red were to be a ppro x i ma te l y  
- 1 - 1  5 5 , 35  and  1 5  k g  DM cow day , and  des i g na ted the h i gh ,  moderate a n d  

l ow trea tmen ts . At the commen ceme n t  o f  g ra z i ng  fo r each new paddo ck , 

the pas ture OM y i e l d was e s t i ma ted by the  u se  of  an E l l i nb a n k  r 1 s 1 n g  
p l ate grass  me ter  ( E ar l e a n d  McGowan , 1 9 7 9 ) ca l i b ra ted wi th p re v i o us 

c utti n g  mea s u reme n ts from No . 3  da i ry ( I . M .  B rookes , unpub l i s h ed d ata ) . 

The  1 ength , w i d th and  a rea of th e paddock  were mea s u red by tape  

meas ure and  the  p addock d i v i de d  l on g i tud i n a l l y  i n to th ree a reas  by 

e l ectri c fences . E ach paddock  was d i v i ded l ong i tud i na l ly  i n  th e 

rat i o of 0 . 5 4 ;  0 . 32 ;  0 . 14 of  the to ta l w i d th . A trans verse e l e ctr i c 

fence acros s the  w i dth  o f  the paddock  comp l e ted the area fo r the  

d a i l y h erbage a l l owa n ce . The h e rbage  a l l owances we re there fo re 

o ffe red on  adj acent  a reas i n  the s ame paddock . Th e i n i t i a l es t i ma te 

o f  DM y i e l d  was  u sed  to ca l c u l ate the  a reas  to be  g razed on th e fi rs t 

day i n  each paddock . Th e trans verse fen ce was moved da i l y  a fter  

th e morn i ng  mi l k i ng and  a back  fen ce was us e d  to  prevent  fu rth er  

graz i ng o f  th e p rev i o us days a 1 1  owa n ce . An e xamp l e of th e s u bd i  v i s i on 

o f  a paddock a n d  the  ca l cu l a t i on o f  t he  e s ti mated h erbage a l l owances  

i s  s hown i n  Appen d i x I .  



Tab l e  2 . 3  Th e experi menta l  cows and  thei r treatment  groups  

Pastu re Mi l k fat  Cow No .  B reed Age Ca l v i n g  
A l l owan ce P roduct i on Date 

H i gh H i gh P roduce rs 2 3  F 4 7 /8  
4 2  J 6 22/ 7 

1 5 7  FJ 5 2 2/ 7 

Low P rod uce rs 38 JA 4 2 7  ! 7  
5 3  J F  4 271 7 

1 18 J F  8 29/ 7 

Mean  5 2 7  ! 7 

Mode rate H i gh P roduce rs 5 1 J 7 22/ 7 
138  FJ  5 24/ 7 / 144 F 5 16/8  

Low P ro d ucers  56 FX 6 29/ 7 
1 1 4*  J F  9 30/ 7 
1 2 7  J 5 2 7 / 7  

Mean  6 30/ 7 
-

Low H i gh  P ro duce rs 1 4 1  J 5 3/8  
199  F 4 2 1/ 7  
2 1 6 F 7 3/8 

L ow P roducers  5 7  J 5 4/8 
1 1 3* J F  9 28/ 7 
1 5 3  FJ 5 30/ 7 

Mean 6 30/ 7 

J = Je rs ey F = Fr i es i an A = Ay rs h i re X = Cros s b red 

* I den ti ca l  twi n  s i s te rs . 

L P I  F a t  Y i e l d  

1 9 7 7  I 1 9 78  

K g  cow- l  

107  1 28  
1 1 1  169 
1 3 5  1 4 7  

9 1  1 2 5  
9 3  9 3  
99  140 

106 1 34 

1 2 1 149 
123  169  
144 1 7 7  

1 10 1 39 
1 12 1 30 

7 7  104 

1 1 5 145 

1 2 7  1 39 
1 36 149 
129 244 

9 1  1 32 
10 1 1 5 3  
109 1 2 3  

1 1 7  156  

Ave rage Da i l y 
Fat  Y i e l d 

2 2/ 8/ 78  - 1 2 /9 / 78  
- 1 - 1  Kg cow day 

0 .  7 1  
0 . 83 
0 . 6 7 

0 . 59 
0 . 6 6  
0 . 60 

0 . 6 8  

0 . 82 
0 .  72  
1 . 06 

0 . 54 
0 . 5 7 
0 . 54 

0 .  7 1  

0 .  7 7  
0 . 82 
0 . 76 

0 . 45 
0 . 56 
0 . 55 

0 . 6 5  
(J") 
-+:> 



2 . 5 . 2  Meas u re me n t  o f  D ry Matte r Y i e l d ( DMY ) o f  the H e rb age 

on  Offe r a n d  the  H e rbage Rema i n i ng A fte r G razi ng 

Once th e pa s ture h ad been s ub d i vi ded i n to a reas fo r e a ch 

h e rbage  a l l owance , da i l y mea s uremen ts of  y i e l d o f  OM befo re and 

a fter g raz i ng  fo r e ach he rbage a l l owan ce a rea  were made . 

Th i s  was done us i n g two me thods : 

1 .  The E l l i n b a n k  r i s i n g p l ate g ra s s  me te r ( E a r l e and  

McGm-Ja n ,  1 9 7 9 ) . 

2 .  Cutti ng  random q uadrats to g ro un d  l e ve l  wi th a po rtab l e  

s h e a r i ng  h a n d  p i ece , was h i n g the h e rbage  and  meas ur i n g  

the wei g h t  o f  materi a l  a fte r o ven  d ry i n g a t  85°C fo r 

36 h o u rs . 

For  each  day i n  p e r i od I I , a m i n i mum of twe n ty re ad i ng s  w i th 
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t he  r i s i n g p l a te g ra s s  me te r ,  we re made fo r e a ch a l l owance , both befo re 

a n d  a fte r g raz i n g .  A mean  read i n g  fo r each  a l l owa nce a rea was fo und . 

F o r  three  days per  week ( Tues day , Wedne s day , Th u rs day ) , a p re -

dete rmi ned  n umb e r  of  30cm x 60cm q ua d ra ts w e re c u t  on each  a l l owa nce  

a rea ( both  befo re a nd  a fter  g ra z i ng ) . Ma te r i a l  from q ua d rats c u t  on  

a p a rt i c u l a r  a rea was  b u l ked , was hed  to  remo ve s o i l con tami n a t i on and  

oven  dr i ed . Regres s i on equat i ons  we re ca l c u l a ted  us i n g th e OM y i e l d 

e s ti mates made from c utt i ng  h erbage , aga i n s t  the  me ter readi ng s  ma de 

o n  the s ame a reas  on the s ame day . The  c a l i b ra t i o n  of th e me te r to 

th e meas u rements of OM y i e l d ma de by c u tti n g  enab l ed e st i ma tes o f  DMY 

both  befo re and  a fte r g ra z i n g  to be  made fo r e a ch day of th e e xper i men t .  

The n umbe r  o f  q uadrats cut  fo r each  a l l owance  area va ri ed 

accord i ng to the s i ze of tha t a rea , a nd  the  u n i fo rmi ty of  g ra z i ng  
2 

h e i gh t ach i eved . The n umb e r  of 0 . 18 m q ua d rats  c u t  per  a l l owance  

a re s hown i n  Tab l e  2 . 4 .  

Tab l e  2 . 4  The n umber  o f  q uadrats  ( 0 . 18 m2 e a ch ) cut per  
t reatme n t  to  meas u re pas tu re OM y i e l d 

H e rb a ge Al l owa n ce 

B e fo re g ra z i ng  

After  g ra z i ng 

H i gh 

10 

10 

Mod e ra te 

10 

10 

Low 

8 

6 



On two occas i ons d uri ng  the t re a tme n t  per i od ( Per i od  I I ) , 

the vari at i o n  b e tween i nd i v i d u a l  q u a d ra ts i n  e st i mated DM y i e l d 

was exami ned . Twe n ty q uadrats per a l l owance  a rea we re c u t , 

washed  and  ove n  dr i e d  i nd i v i dua l l y  a n d  th e d ry we i gh t  o f  h e rbage  
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pe r quadrat  o b t a i ned . These  da ta e n ab l ed a coeffi c i e n t  o f  v a r i a ti on  

and  a s tandard  e rror  fo r th e e s t i ma te of  DM  y i e l d to  be  c a l c u l a ted . 

The number  o f  q u a dra ts to be  c u t  fo r each  a l l owance a rea was  

dete rmi ne d a fter  the  fi rs t of  th e se  repe a ti b i l i ty s tud i e s . The  

n umber of  q u a d ra ts chosen  to  e s t i ma te the DM  y i e l d of an a rea  was  

l i mi ted by th e t i me a va i l ab l e to  c u t  thes e q uadra ts . 

2 . 5 . 3 E s t i ma ti on o f  the Herb age D ry Matter I n ta ke  

Pas ture i n take  wa s  es t i ma ted a s  t he  d i ffe rence between the 

h erbage offe red  per  cow ( meas u red to g round  l evel ) , and the  h e rbage  

rema i n i ng per c ow ( a l s o  meas u red  to  ground  l evel ) . I t  was a s s umed 

th at  the pas t u re DM wh i ch d i s a ppea red  dur i n g  g ra z i ng h a d  been  cons umed 

by th e cows . No correct i on was made for g row th of pas t u re d u r i ng  

th e g raz i ng p e r i od ( one  day ) ,  o r  fo r ma te r i a l  th a t  may h a ve d i s appeared 

t hrough o th e r  means  s uch a s  by tramp l i ng or decompos i ti on .  

Th i s  me thod  o f  e s ti ma t i ng  i n take  h a s  b een de sc ri bed by Van  der  

K l ey ( 1956 ) a n d  e va l u a ted by Wa l te rs a n d  Evans  ( 1 9 79 ) . Th e me tho d  

w a s  s uch tha t  a group  mea n  i ntake  on l y  cou l d b e  mea s ured . 

2 . 5 . 4 Es t i ma ti o n  o f  the Qua l i ty of  H e rb age Cons umed 

To exami ne  the effe cts of h e rbage  a l l owa nce on the q ua l i ty of  

the  d i et  s e l e c te d  by  th e cows , t he  cu t ,  oven  dri ed  herbage was  s ub ­

s ampl ed , g round  to pa s s  through  a 1 �n s i e ve and a na lysed  fo r :  

1 .  Ac i d De te rgen t  F i b re ( van S oes t ,  1 963 ) 

2 .  I n  v i tro o rga n i c ma tte r d i ges ti b i l i ty ( T i l l ey a n d  Terry , l 9 6 3) 

3 .  N i trogen con te n t  ( Kj e l d a h l  Me thod ) . 

Th i s  en ab l ed a compari s on to b e  ma de o f  the qua l i ty o f  the  

h e rbage o ffe red w i th the q ua l i ty o f  the h e rbage  rema i n i ng after  the 

th ree g ra z i ng i n te n s i t i es  h ad been  a pp l i ed .  An eq uati on  wh i ch e n a b l ed  
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e s t i mates to b e  made o f  t h e  q ua l i ty o f  herbage  s e l e cte d was  deve l oped  

by Van  der  K l ey ( 1956 ) . Th e eq uat i on i s  a s  fo l l ows : 

ADF% } Crude P rotei n % 
i n  the d ry matter cons umed An . Cn - An + 1 . Cn + 1 

An - An + 1 

When  Cn = % crude  p ro te i n ( % ADF ) o f  th e DM before graz i ng 

Cn + 1 = % c rude p rote i n ( % ADF ) o f  t h e  OM a fter  g ra z i ng  

An  = q uant i ty o f  O M  before g r a z i ng  ( per  cow ) 

An + 1 = q uant i ty o f  OM afte r g ra z i ng ( per  cow ) . 

E s t i mates o f  the N con te n t  and  ADF  content o f  th e h e rbage 

con s umed were o b ta i ned  fo r e ach day th a t  cows were graz i n g  i n  

pa s tu res  from w h i ch h e rbage was s amp l ed . Di ffe rences 1 n  the q ua l i ty 

o f  th e d i e t  between treatme n ts we re tes te d  by a n a l ys i s  of  vari ance  

( n = 1 5 ) . 

2 . 6  Mea s u rement  of  the Res ponses o f  Cows to 

Dai l y  He rbage  Al l owan ce Offe red 

2 . 6 . 1 Mi l k  P roduct i on 

Mi l k  y i e l d was me as ured  by the use of  mi l k  s ampl i ng me te rs 

( Tru- tes t Di s tr i b u to rs Ltd . ) , wh i ch s amp l ed  a p ropo rt i o n of the mi l k  

f l ow of  e a ch cow . Da i ly  mi l k  y i e l d was reco rded a s  the  y i e l d of  mi l k  

at the  even i ng mi l k i ng p l us  the  y i e l d a t  the  next mo rn i n g ' s  mi l k i n g .  

The mi l k  s amp l es from th e two mi l k i ngs were combi ned  and  tes te d fo r fat 

concen trat i on ,  us i ng a Mi l ko - tes ter , Ma rk I I I  F 3 140 ( A/ s N Fos s 

E l ectri c ,  Denmark ) , a nd  p rote i n  con cen trat i on , us i n g a P ro- mi l k  tes te r ,  

Mar k  I I  1 2500 ( A/s  N Fos s E l e ctr i c ,  Denma rk ) . Mi l k fat and  mi l k  

pro te i n  y i e l ds were then c a l c u l a te d  for each  cow . A week l y  mean 

fi g u re for d a i l y  mi l k ,  mi l k fa t  a n d  mi l k  p ro te i n y i e l d was obta i ned  

d uri n g  peri o ds I and  I I . Dur i n g  peri o d  I I I  on l y  mi l k  a nd  mi l k fa t  

y i e l d s  were obta i ned . Th e re cordi ng  o f  mi l k  y i e l d and  compos i ti on 

was c a rri ed out  a t  the fo l l ow i ng freq uen c i es : 



Per i o d  I 

Per i o d  I I  

Pe r i o d  I I I  

Th ree consecuti ve days per week  

( Mon d ay even i ng to Th u rs d ay morni ng ) 

Fo ur  cons ecuti ve d ays per  wee k 

( Mon d ay even i n g to Fr i day mo rn i ng )  

Wee k l y  u nt i l 2 1 / 1 2 / 7 8  

Fortn i g h t l y  from 2 1 / 1 2/ 78 t o  1 / 5/ 79 . 
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A 10  ml  s amp l e of m i l k  was  ta ken  week l y  from each  cow , 

treated w i th 0 . 1  ml  of fo rma l i n  and  l eft overn i g h t  at  room 

tempe ra ture . Somat i c ce l l  co u n ts were made  the fo l l ow i ng  day 

wi th th i s mi l k ,  us i ng a Cou l te r soma ti c cel l co u n ter , ( Cou l te r 

E l ectron i cs I n c . , F l or i d a ) . 

2 . 6 . 2  L i vewe i gh t  Change 

Al l cows were we i ghed  u n fas ted each Fr i day between 0800 -

0900 h ours . We i gh i ng comme nced  on 7 / 9 / 7 8  ( the e nd  of Per i od  I )  

a n d  ceased on 1 3 / 1 0 / 78 ( e n d  o f  Peri o d  I I ) .  Tvw fas ted l i vev1e i gh ts 

for each  cow were take n , b e fo re ( 8/9 / 7 8 )  and  a fte r ( 16/ 1 0 / 7 8 )  

per i od  I I .  Cows were fas te d  overn i gh t  wi th out  food o r  wate r  for 

1 7  h o u rs and  were we i ghed  the fo l l owi ng  mo rn i ng . The fas ted 

we i gh ts ( 16 / 10 / 7 8 )  were o b ta i ned  afte r th e cows had been removed 

from th e i r res pecti ve herbage  a l l owances  fo r three days  and  had been 

re turned to g ra ze wi th the mai n h erd . Th i s  was done  s o  th a t  the 

th ree g roups  o f  cows were g i ven t i me to equa l i ze the i r gut con ten ts 

befo re fa s t i n g  a nd  wei g h i n g .  

Two me thods  of es ti mat i n g  l i vewe i g h t  change  over  per i od  I I  

we re ava i l ab l e .  U nfas te d  l i vewe i gh ts were p l otted aga i n s t t i me 

fo r each  cow u s i n g a l l rec o rded  wei gh ts between 7 /9/ 78  a nd  

1 3/ 9/78 . The  s l ope of the  reg res s i on l i ne th rough thes e  po i nts  

was  taken  as  the ra te of  l i vewe i gh t c hange per d ay for each  cow . 

The  d i ffe rence  between the two fas ted l i vewe i ghts , d i vi d e d  by the  

n umber o f  day s  between fas ts was  the s e cond  method of  e s ti mat i n g  



l i vewe i gh t  change . 

2 . 6 . 3  Cow Body Cond i ti on 

Condi t i on  s co res  were awa rded to each cow fo rtn i gh t l y  

by th ree i ndepen dent  s core rs . Each  p e rs on s co red th e cows a n d  

rec orded the i r  s co re s  s eparate l y . T h e  cond i t i o n  sco re fo r 

th a t  cow on a p art i c u l a r  day was  taken a s  the ave rage of  th e th ree 

s c o res . 

Con d i t i o n  s co re s  were awa rded on a s ca l e of one ( th i nnes t ) 

to ten ( fa ttes t ) bas ed  on a s ubj ect i ve a s s es sment  of the  l ev e l  

of  s ub cutaneous  fa t cover  o ver  fi ve a reas  o f  t h e  cow ' s  b ody . 

1 .  The s p i nou s  proce s s e s  of  th e l umb ar  verteb rae 

2 .  Over  th e l ower r i b cage 

3 .  Ove r  the  h i p  bones 

4 .  Aro und t he  ta i l head  

5 .  At the th i gh s . 

Th e s ca l e  a l l owed prov i s i on fo r h a l f- s co res to be  awa rded . 

Th e me th ods u sed  to cond i ti o n  s core cows a n d  p hotograph s of  cows 

at d i ffe ren t con d i t i o n  s cores h a ve been p ub l i s h ed by E ar l e ( 1 9 76 ) . 

The c h ange i n  con d i ti on s core over  per i od I I  was ta ken  as  

the  d i fference between the s cores  e s t i ma ted  on  7 / 9 / 78 and 

1 3/ 1 0 / 7 8  ( i . e .  the b eg i nn i ng and  the end  o f  per i od I I ) . 

Th e a verage con d i t i on s core of  the  experi menta l cows a t  

the s tart  of  th e expe r i ment  was 3 . 9 .  
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2 . 7  Exper i men ta l  Manageme n t  

2 . 7 . 1  M i l k i ng Managemen t  

T h e  cows we re m i  1 k e d  each day at  0 5 30 h rs a n d  1 5 30 h rs 

th roughout  th e l acta t i on . Wh i l e  the cows we re b e i ng offe red 

the i r d i ffe rent  herbage  a l l owances , th ey we re mi l ked  i n  the i r 

g roups b e fo re the ma i n  No . 3  h e rd was mi l ke d . The  cows were th en  

re t u rned to th e i r h e rb a ge a l l owance a reas  i n  th e i r treatme n t  g roups . 

The  mi l k i ng ro u t i ne cons i s ted  o f :  

1 .  a s hort 10 - 20 s e cond  was h w i th wa rm wa te r  

2 .  cups  on 

3 .  cups  off ( a utoma ti c cup removers ) 

4 .  teat s p rayi n g  w i th H i b i tane ( a g l ycer i ne  b ased  s p ray ) 

5 .  drench i ng as  a p ro tecti on  aga i ns t b l oa t . 

2 . 7 . 2  Water  S upp ly 

Al l cows were g i ve n a cces s to wate r  a t  each  m i l k i n g s 1 nce  

wa ter  was  not  s u pp l i ed to  cow s  on the a reas  a l l ocated to  th em . 

Ca re was taken  to ens ure  t hat  cows h ad s u ffi c i en t  t i me to dr i n k  a t  

troughs  a s  th ey we n t  t o  a nd  from mi l k i ng .  On s ome occa s i ons  free 
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acce s s  to a water trough  co i n c i ded w i th a part i c u l a r  herbage  a l l owance  

a rea . The a l l ocat i on  of  h e rbage a l l owa n ce a reas  i n  each paddock  

was des i gned  so  that  n o  p a rti c u l a r  g roup  of cows  was  fa vou red  by 

h a v i n g  access  to  water on more occas i ons than  any o ther  g roup . 

2 . 7 . 3  G ra z i ng Managemen t  ( Pre  a n d  Pos t - Expe r i me n ta l ) 

The  q uant i t i es  o f  h e rb a ge offe red dur i n g  the treatment  per i od , 

( Per i od  I I ) , h ave a l rea dy been  des c ri bed . Dur i n g  p e ri ods I a n d  I I I  

cows w e re managed  as p a rt o f  the No . 3  da i ry h e rd . The manageme n t  

o f  th i s  h erd duri n g  the s e  p e r i ods i s  des c r i be d  be l ow .  



F rom c a l vi n g  unt i l th e t i me that  c ows were a l l ocated  to 

the i r t re a tments the h erd s pen t 24 hours i n  each paddock , the  

rota t i on l en g th b e i ng 2 1  day s . Hay was fed a t  one ba l e  per  10 

cows d u ri n g  th i s  per i od  as  the  p a s t ure a va i l ab l e  was i nadeq uate 

for the herd . F rom th e end  o f  p er i od I I  ( mi d -October ) , to the 

end  o f  J a n u a ry the herd rece i ved an a l l p a s t u re d i et , b e i ng  offe red 

a new paddock  every 1 2  hours . D ur i ng February a crop o f  

choumoe l l i e r was gra zed by t h e  h e rd fo r 1 2  hours da i l y , w i th the 

rema i n i n g 12 h o u rs s pent  on pas t u re . Good pas t u re growth i n  Ma rch 

and Ap r i l e ns u re d  an adequate s u p p l y of  pas t ure from February unt i l 

May . F re s h  pas t u re was offe re d every 1 2  hours dur i ng th i s  peri od . 

No  o b ject i ve meas u reme n t s  o f  h e rbage a va i l ab i l i ty and  

h erb age  cons umpt i on were ma de o u ts i de the  treatment  per i od  

( Pe r i od  I I ) . 

2 . 7 . 4  An i ma l  H e a l th 

D u r i n g  the fi rs t week of p e ri od I I , a cas e o f  g ra s s  

s taggers was  d i agnosed  i n  one cow . As a res u l t a l l cows we re 

b l ood s amp l e d and tes ted for b l ood  magnes i um l e ve l s  on 2 1 / 9 / 78 . 

Beca u s e  b l ood ma gnes i um l e ve l s  were fo und to be  l ow amo n g s t  the 

expe r i men ta l cows , a l l cows were d renched w i th Magne s i te powder  

( MgO ) s us pended  i n  wate r  at  th e rate of  5 6 g  MgO  cow- 1
day

- 1  
fo r a 

two week  p e r i od . The b l ood Mg s ta t us of  th e experi 1ne n ta l  cows on  

2 1/ 9 / 7 8  i s  s h own i n  Appendi x I I .  

7 l  
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2 . 8  S tat i s ti c a l  Ana l ys i s  

2 . 8 . 1 Mi l k  Y i e l d ,  Mi l k  Compos i t i o n , L i vewe i gh t  

Cha nge ,  D ry Ma t ter I n take 

Data fo r mi l k  p roducti on ( i . e .  mi l k  y i e l d ,  FCM y i e l d ,  

Mi l k fat  and m i l k  p rote i n  y i e l ds ) i n  peri ods  I I  and  I I I , we re 

s ub jected to a n a l ys e s  of covar i ance  us i n g the means  ob ta i ned  fo r 

e a ch c ow dur i n g  the pre l i mi n a ry per i od  a s  covari a tes . Th i s  me thod 

o f  ana l ys i s  me a n t  th at between cow var i a t i on i n  mi l k  prod u c t i on 

d u r i ng  the t reatmen t  peri od , th at  was  a s s s oc i ated  w i th between cow 

var i at i on e x i s t i n g  b efo re the trea tmen ts were a pp l i ed ,  was 

removed . A s i m i l a r de s i gn was us ed  by G reenh a l gh et a l . ( 196 6 ) . 

D i ffe rences between th e t reatme n t  groups  were tes ted by l ea s t  

s i gn i fi cant  d i ffe rence ( LS D ) . 

The data  for pas ture d ry matte r i n take , l i vewe i gh t  c hange  

a n d  cow cond i t i o n  change  we re s ub j e cted to  ana l ys i s  of  var i a nce . 

D i ffe rences between treatme n t  means  we re te s ted by LS D .  

2 . 8 . 2  Eva l u at i o n  of  the Res po n se s  of  Cows of 

Two P henotypes to Herbage Al l owance  

To  eva l u a te the  re s ponse  of cows o f  d i ffer i n g  phenotypes  

to  h erb age a l l owanc e , two me ans  of a na l ys i s  were a va i l a b l e .  

T he  f i rs t  was  a mu l ti p l e reg res s i on ana l ys i s  ( S nedecor and  Coch ran , 

1 9 6 7 ) i n  wh i ch l i fe ti me product i on i ndex  a n d  h e rbage  a l l owance 

we re used  a s  i ndependen t var i ab l es a n d  re l a ted to me as u reme n ts of  

F CM y i e l d ,  l i vewe i g h t  c h a n ge and  cond i t i on  s core ( dependent  

v a ri ab l es ) . 

The fo l l ow i n g  equat i on was  u sed : 

y = a + + 



Where y 

x l 

x2 

b l 
b2 

= 

FCM y i e l d , l i vewe i g h t  change , cond i t i on s co re c hange 

L i fet i me prod u ct i on i ndex 

feed offere d  ( k g  OM cow- 1
day - 1 ) 

re gres s i o n coe ffi c i ents fo r x 1 and  x2 res pect i ve l y . 

7 3  

T h e  second  means  w a s  a 3 x 2 fa ctor i a l  a n a l y s i s  e va l ua t i ng the 

e ffec ts o f  the th ree l e ve l s of  fee d  offe red and  the  two l evel s of  

cow ' phenotypi c me ri t '  on the  me a n  FCM  y i e l ds , l i vewei gh t change  and  

cow cond i t i on changes . 

2 . 8 . 3 C a l c u l a t i on of the  S tandard E rror 

of E s t i mates of  Dry Matter I n take 

On two occas i ons  wh e re the va ri at i on amon gs t q u a drat  s amp l es 

was  meas u red , the s tandard e rro rs of the es ti mates o f  DM i n take were 

c a l c u l a ted . Th i s  was done by c a l c u l at i n g  th e s tandard error of the 

d i ffe rence between th e mean es t i ma te of  DM y i e l d b e fore g ra z i ng a n d  

t h e  mea n  e s t i ma te of t h e  OM y i e l d  afte r g ra z i ng . 

The fo l l mv i ng equa t i o n  was  u s ed  ( Cox e t  a l . ,  1956 ) :  

S ta n dard E rro r of 
OM i n take  pe r cow 

Area Grazed 
No . o f  cows 

2 S r2 
X � + \ Np � 

W h e re S p  and S r  = The s ta n dard  dev i at i ons  of  th e es ti ma tes o f  

DMY fo r t h e  pre - gra z i n g  a n d  pos t - gra z i ng  

( res i d u a l ) s amp l es res pect i ve l y  ( k g  OM  h a - 1 ) . 

N p  and  N r  = The n umbe r  of  s amp l e q uadra ts taken on  each  

occas i on .  

sp2 and  s r2 a re i n  fa c t  the  vari a n ces  of  the  es t i ma tes of  

DM  y i e l d pre- graz i n g  and  pos t-g ra z i n g .  
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3 . 1 . 1  

RESULTS 

3 . 1  Pas ture Mea s u reme n ts 

Da i ly H e rb age A l l owa nce 
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The a verage  da i l y  h e rbage a l l owances  offe red to each g roup  of  

c ows over  the  32 day treatment  peri od  a re s hown i n  Tab l e  3 . 1 .  T he  

average we i gh t  o f  herbage OM  on the  a reas  on wh i ch t he  a l l owances  

were o ffered , and  the  s to c k i ng i n tens i ti e s at  each  herb age a l l owan ce 

a re a l s o  s hown . Meas u reme n ts of  p a s t u re OM y i e l d made by b o th 

c u tt i ng  h erbage s amp l es and by us i ng th e E l l i nbank  pas ture me ter 

a re i n c l uded . De ta i 1 s of  the ca l i b ra t i o n  of the  pasture me ter  to 

the  c utt i ng  meas u rements  a re g i ven i n  Appe n di x I I I .  

Mea s u reme n ts of the  he rbage a l l owances  offe red da i l y  we re 

ma de by cutt i n g  he rb age on  1 5  of  the  3 2  days , and  by pas ture me ter 

rea d i ngs  on 27 of the  32 days . From Tab l e  3 . 1  i t  can b e  s ee n  t h at  

the  i ntended da i l y  h e rb age a l l owances  o f  5 5 , 3 5  and  15  k g  OM  cow- l 

we re ach i e ve d  a ppro xi ma te l y . Both me thods  us ed fo r e st i ma t i on  o f  

h e rbage y i e l d s  b e fo re g ra z i ng  we re i n  reas onab l e a g reemen t w i th 

e a ch o ther  ( r = 0 . 82 , P < 0 . 0 1 ) .  

3 .  1 .  2 Herbage D ry Matter  Rema i n i ng Afte r Gra z i ng 

( Res i d u a l  H erbage Y i e l d ) 

The y i e l ds of p a s ture OM rema i n i n g after g raz i ng , ( res i du a l  

h e rbage y i e l d s ) , we re e xp res s e d  a s  k g  OM rema i n i ng p e r  h a . a n d  k g  

OM rema i n i ng per  cow . Mean re s i dua l h e rb age y i e l ds fo r each  

h e rbage a l l owance , meas u re d  by both me thods  of  OM y i e l d dete rmi n a t i o n  

a re s hown i n  Tab l e  3 . 2 .  

As the  amo u n t  of  pas ture offe red pe r cow i n c reased s o  d i d th e 

amount  o f  pas t ure rema i n i ng a fter g ra z i n g  i nc reas e .  

i l l u s t ra ted by the photographs  i n  Chapter  4 . 1 . 4 .  

Th i s  i s  
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Tab l e  3 . 1 ( - 1  - 1 + ) Herbage a l l owances k g  OM cow day - S O  fo r th e 32 day per i od for each g ro u p  o f  cows 

Me th od 

H e rbage  A l l owance 

( kg OM cow- 1 day - 1 ) 

H i gh 

cutti ng me ter 

+ + 
5 2 . 7 - 8 . 1 5 5 . 6 - 5 . 5  

We i gh t  o f  H e rba ge Offe red 26 72  � 46 5 2 7 34 � 460 

( k g OM h a� 1 ) 

( 2 - 1 ) Area m cow 

Mean S tock  Dens i ty 

( cows ha: 1day - 1 ) 

205  � 42 

49 

Treatmen t 

Modera te 

cutt i n g  me ter 

+ + 
3 3 . 2 - 6 . 5  32 . 2 - 3 . 1 

2 785 � 664 2689 � 4 7 3  

1 2 3  � 2 3  

8 1  

Low 

cutt i n g  me te r 

+ + 
1 3 . 5 - 2 . 2  14 . 1 - 2 . 2  

2 729 � 49 5 2 7 30 � 484 

52 � 1 2  

1 9 2  

'-.! 
(J1 
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Tab l e 3 . 2  Herbage d ry ma tter rema i n i ng a fter graz i ng ( k g  OM h a- l ! S O ,  kg  OM cow- l ! S O )  

for each h erbage a l l owance trea tmen t  

Herbage Al l owa nce  

H i gh Modera te Low 

Pas ture OM rema i n i ng cu tti ng me ter  cu tti ng me ter cu t ti ng 

Kg OM h a : 1 

Kg OM cow- l 

1 842  ! 266 1 663  ! 342  1 546 ! 249 1 36 7  ! 282 

+ 
36 . 7  - 6 . 4 

+ 
3 3 . 7  - 4 . 3  

+ 
1 8 . 9  - 4 . 5  + 

16 . 7  - 2 . 3  

765  � 1 5 9  

+ 
3 . 9 - 1 . 1  

me ter 

9 7 2  ! 1 30 

5 . 1  + 0 . 9  

-.....! 
m 
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Tab l e 3 . 3 The mean  d ry ma tte r i n takes  of  cows offe re d th ree herb a ge a l l owan ces 

( k g  OM cow- 1 day - 1 ± S E  of  me a n ; kg  OM per 100 kg LW ) 

Herbage  A l l owan ce 

H i gh Modera te Low S E  d i ff .  

OM I n take 

( 
- 1 - 1 ) k g  DM cow day 

( cu tti n g  data ) 

DMI ( kg DM cow- 1 day - 1 ) 

( me te r  data ) 

DMI ( k g DM per  100 k g  LW ) 

( cutti n g  da ta ) 

* *  * 
p < 0 . 0 1  p < 0 .  0 5  

+ 
1 5 . 8 - 2 . 1  

+ 
2 1 . 8  - 0 . 9  

4 . 5  

t p < o . l 

+ 
1 4 . 3  - 1 . 4 

+ 
9 . 6 - 0 . 6 :- 1 .  5 

+ 
1 5 . 9  - 0 . 4 

+ 
9 . 0 -- 0 .  3 � 0 . 6  

3 . 9  2 . 8  

NS = No n - s i gn i fi can t .  

S i  g .  

* *  
H > L 

* 
M > L 

* *  
H > L 

* *  
M > L 

* *  
H > M 

'-I 
'-I 



The re was poor a g reeme n t  between the two me thods used  to 

determi ne the DM y i e l d of  pas ture rema i n i ng a fte r graz i n g . The 

re l at i ons h i p between the  e s t i mates of res i d ua l h e rbage y i e l ds  made 

by the gras s me te r and by c utt i ng  was s i gn i fi can t o n l y  when the 

mea s u reme n ts from a l l the  a l l owance a reas  we re poo l ed ( r = 0 . 8 1 , 

P < 0 .  0 1 ) . The regres s i on coeffi c i ents  re 1 a t i  n g  the two me thods  

fo r e s ti ma t i ng  res i dua l h e rb a ge y i e l ds  w i th i n each  treatmen t  were 

not  s i gn i f i ca n t . The E l l i nbank  me ter  a ppeare d  to unde res ti mate 

the res i d u a l  h e rb age y i e l d fo r the h i gh and mode rate a l l owances 

and  o ve res t i ma te i t  fo r the  l ow a l l owance . 

3 . 1 . 3  Dry Matte r I n t a ke  

Mean  OM i n takes  mea s u red for e ac h  h e rb age a l l owance a re 

s hown i n  Tab l e 3 . 3 .  

Da i l y  OM  i n takes  mea s u red by c utt i n g , a n d  th e co rres pond i n g  

d a i l y  h e rb age a l l owances  a re p l otted i n  F i g u re 3 . 1 .  H i gher  OM 

i ntakes  we re meas u red at the h i gher  h e rbage  a l l owan ces . Ta b l e 3 . 3  

a nd  F i g u re 3 . 1 both s how th at  th e re was  g reate r vari a t i on about  

the t reatme n t  means  ( i . e .  g reater  day to day  var i a t i on i n  i n take ) , 

a s  h e rbage a l l owan ce i n c rea sed . Th i s  may p art l y  be  e xp l a i ne d  by 

the  g reater  va r i a b i l i ty o f  the dai l y  h e rb a ge a l l owa n ces  offe red a t  

t h e  h i gher  a l l owan ce tre a tme n t  ( see  Tab l e  3 . 1 ) , b u t  i s  mo re l i ke l y  

a s s o c i a ted w i th th e tec h n i q ue u sed fo r i n take  e s t i ma ti on . 

The  E l l i nbank  me te r meas u red con s i de rab l y  g reate r  rates o f  

pas t u re OM d i s appearance  d u r i n g  gra z i n g  on  the h i gh and mode rate 

a l l owances than  the  c u t t i n g  a n d  d ry i ng  tech n i q ue ( s ee Chapter 4 ) .  

I t  was  l es s  v a ri a b l e b e tween  days i n  e s t i ma t i n g  herb age a l l owance 

( s ee Tab l e  3 . 1 ) a nd  OM d i s appea rance ( see  Tab l e  3 . 3 ) , than  the  

c u tt i n g  techn i q ue . 

3 . 1 . 4  The Var i at i on amo ngs t the  E st i mates o f  D ry Ma tte r 

Y i e l d a n d  He rbage I ntake  

The var i at i o n  between i nd i v i dua l  q ua drats i n  e st i mat i n g  OM 

y i e l d was  exami ned  us i ng the  method des cr i bed  i n  s e c t i o n  2 . 5 . 2 .  

7 8  
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Tab l e  3 . 4  The va ri ab i l i ty o f  es t i ma tes  o f  d ry matte r y i e l d 

befo re and  a fte r graz i n g , meas u red  for al l owance 

a reas  on  two occas i on s  

Me an  DMY 
Es t i ma te 1 S td . S E  o f  
( k g  OM h a: ) De v i at i o n  Mean  CV% 

H i gh A 1 1  owance  

Befo re G ra z i ng 

Pad  18 10  q uadrats 3 239 9 7 0  30 7 29 . 9 4 
20 q uad  rats 3266 1 30 5  292  39 . 96 

Pad  1 7  1 0  q uadrats  1922  2 36 7 5  1 2 . 29 
20 q uad  rats 1858 4 3 1  9 6  2 3 . 20 

Afte r G l�az i  ng 

Pad  18  10  q uad rats 1868 488 154  26 . 10 
20  q uadrats 189 3 5 3 7  1 20 28 . 37 

r�ode rate Al l m'>'ance  

Befo re G ra z i ng 

Pad  18  1 0  q ua drats 30 76 3 1 9  10 1 10 . 3 7 
1 5  q uadrats  30 95 4 2 7  1 10 1 3 . 80 

Pad  1 7  10  q uadrats  2281  4 36 138  19 . 1 2 
1 5  q uadrats 24 70 6 7 8  1 7 5  2 7 . 45 

After Gra z i ng 

Pad  18 10 q ua drats 1670 3 5 5  1 1 2 2 1 . 2 5 
20 q uadrats  1628 3 4 1  76 20 . 9 5  

Low A 1 1  owance  

B e fore Graz i ng 

Pad  18  8 q uadrats  30 18  568  2 0 1  18 . 82 
10 q uadrats 3190 648 205  20 . 3 1 

Pad  17  8 q uadra ts 2449 287  1 0 2  1 1 . 7 3 
10 q uadrats  2 399  409  129  1 7 . 0 5  

Afte r Graz i ng 

Pad  18  6 q uadrats  839  29 8  1 22 35 . 58 
1 5  q uadrats  792  2 79 72  35 . 22 



Tab l e  3 . 5  The s tan dard e rrors , coe ffi c i ents  o f  v a r i at i o n  a n d  confi dence i n terva l s o f  the 

e s t i ma tes of d ry matte r i n til k e  made  on  a s i n g l e  day 

- 1  k g  OM h a . � S E  CV kg OM cow - 1 � S E  

H igh Al l owance  

OM o ffered ( 10 ) 3239 30 7 29 . 9  5 5 . 2  5 . 20 

OM remai n i n g  ( 10 ) 1 86 8  1 54  26 . 1  3 1 0 8  2 0 6 2  

Di ffe rence  ( I n take ) 1 3 7 1  343 79 0 2 2 3 0 4  5 . 85 

Moderate Al l owance 

OM o ffe red ( 10 ) 30 76 10 1 10 0 4  3 1 . 6  1 . 04 

OM remai n i n g  ( 10 ) 16 70 1 12 2 1 . 3  1 7  0 1 1 .  1 5  

Di ffe rence  ( I n take ) 1406 1 5 1  34 0 0  1 4 0 4  1 .  5 5  

Low Al l owance  

OM o ffered ( 8 ) 30 18  20 1 18 . 8  1 2 0 3  0 0 82 

OM remai n i n g  ( 6 ) 839 1 2 2  35 . 6  3 . 4  0 . 50 

D i ffe rence  ( I n take ) 2 179  2 34 34 . 0  8 0 9  0 . 96 

N . B .  N umbers i n  b ra c k e ts a re the number of  qua dra ts cut fo r each a l l owance a rea . 

95% Con fi dence 
I n te rva l 

( k g  OM cow- l ) 

4 3 . 4  - 66 . 9  

2 5 . 9  - 37 . 8  

1 1 . 1 - 35 . 6 

29 . 7 - 34 . 3  

1 4 0 6  - 19 . 7  

1 1 . 2 - 1 7 . 7  

10 . 4  - 1 4 . 3  
2 . 1 - 4 . 7  

6 . 8 - 1 1 . 0  

CO 
r-' 
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Tab l e  3 . 4  s hows the mea n  e s t i ma te s  of OM y i e l d fo r a l l owance  a reas  

befo re and  a fter g ra z i ng  a nd  s tat i s ti cs s h ow i n g  the va ri at i on  amongs t 

q uadrat  s amp l e s  a bout  the es t i ma te d  means . The tab l e  i n c l udes  

e s t i mates of  OM y i e l d made from the s tandard  n umb e r  of  q uad ra ts used  

th ro ugh o u t  the  experi me n t , ( see  Tab l e 2 . 4 )  and  es ti mates ma de from 

an i n crea s e d  n umb e r  of q uad  rats . 

I t  i s  e v i de n t  i n  Tab l e  3 . 4  th a t  i nc reas i n g the n umb e r  o f  q u a d ra ts 

c u t  per  a l l owance a rea  red uced  the s tandard  e rro rs o f  th e mean  

e s ti ma te fo r the  h e rb a ge OM  rema i n i n g afte r g ra z i ng . H i gh C . V .  

v a l ues  for  th e meas u reme n t  o f  res i du a l  h erb a ge y i e l d a t  the moderate 

and  l ow a l l owa nces  are ev i dent  a nd  may s ugges t th at  mo re s ampl es were 

req u i red to e s ti ma te res i dua l  h e rb a ge y i e l d than fo r p re - g ra z i ng  

h erbage y i e l d .  I n creas i ng th e n umb e r  of  q ua drats  above  the  n umbe r  

u s e d  fo r mea s uri n g  p re - g ra z i ng  herbage yi e l ds d i d n o t  red uce th e 

s tandard  e r ro rs o f  the mean e s t i ma te to a ny exten t , fo r a l l th ree 

a l l owan ces . 

The  s ta n da rd erro rs fo r the e s t i mates  o f  OM i n take  can  be 

c a l c u l a te d  fo r the days o n  wh i ch th e va ri a t i on  among s t  q ua d ra t  

h e rbage  s amp l es v-1e re me as u re d . Th i s  v1a s  done us i n g the me th od  

o utl i ne d  i n  Chapter  2 . 8 . 3  a n d  the  data  are tab u l a ted  i n  Tab l e 3 . 5 .  

The s ta n d a rd errors , when  e xp re s s e d  as a percentage o f  the 

mean OM i n take  per cow , were 2 5 . 0 5% , 10 . 74% , a n d  10 . 8% fo r th e h i gh ,  

moderate and  l ow a l l owances re s pect i ve ly . 

3 .  l .  5 The  N at ure o f  the Re l a ti o n s h i p Between Herb a� 

Al l owance a nd  Herbage Dry Ma tter  I n take  

For each  t reatmen t  the re we re fi fteen occas i on s  when  da i l y  

h e rbage  a l l owance was meas ured  by c utt i ng  he rba�e s amp l es a n d  fi fteen 

corres p o n d i n g  e st i ma tes of OM i n ta k e  made for each herb a ge a l l owance . 

I n  o rde r to e xami ne  the nature o f  th e re l at i ons h i p between  h e rbage  

a l l owance  and  OM  i ntake by  regres s i on ana l ys i s ,  trans fo rma ti o n  o f  

t h e  y d a ta ( p a s t u re O M  i ntake ) w as n e ces s a ry .  Th i s  was  because  the 

var i a t i on  i n  the meas u re d  OM i ntakes  i ncre a s e d  cons i s ten t l y  as  

h erbage a l l owance i n creas ed , ( s e e  F i g u re 3 . 1 ) , to the extent th a t  



the var i at i ons  a b o u t  the treatme n t  mea n s  were not  h omogenous  

( Bart l e tt ' s  te s t  o f  h omog ene i ty o f  var i a n ce , S nedeco r and  

Cochran , 196 7 ) . 
food cons umed 

The y d a ta we re tra n s formed to Y; x  ( i . e .  feed offe red , o r  

t h e  u ti l i zat i o n  o f  feed o ffered a t  a s i ng l e  g ra z i ng ) .  Tab l e  3 . 6  

s h ows the mean s  � s tandard  de v i a t i ons  o f  th e dry ma tter i n ta ke  da ta 

(y )  and the trans formed d a ta (Y/ x ) . The s tandard devi at i ons  o f  

t h e  mea ns res u l ti n g  from the tra ns forma ti o n  were tes ted for 

homogenei ty of var i a nce us i ng Ba r tl e tt ' s  tes t  and  th e var i ances  

vJe re fo und n ot  to  d i ffer s i  g n i  fi can t l y  b e tween trea trne nts . 

Tab l e  3 . 6  
+ 

Mean s  - s tandard dev i at i o n s  o f  the d ry ma tter  i n ta kes  

( y )  fo r each  trea trne n t ,  a n d  the  tra n s fo rmed means  ( y  / x )  

� s ta n da rd de v i a ti ons  
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A l l owance I n take  da ta ( y ) ( mean s  
+ 
- S O )  Tran s fo rmed da ta (Y; x) � 

H i gh 
+ 

1 5 . 8  - 7 . 9 0 . 29 
+ 
- 0 . 09  

Modera te 
+ 

1 4 . 3  - 5 . 6 0 . 42  
+ 
- 0 . 1 3 

L ow 
+ 

9 . 6 - 2 . 1  0 .  7 1  
+ 
- 0 . 1 3 

The mea n s  o f  the tra n s fo rmed da ta ( Y/ x ) a re i n  fa c t  the mea n  

u ti l i zat i ons  o f  the h erbage o ffe red a t  a s i ng l e g ra z i ng ( kg  OM 

e a ten/kg OM o ffe red  per cow ) . 

L i nea r reg res s i on ana l ys i s  re l a t i n g  Y; x  to x res u l ted i n  the 

fo l l ow i ng eq u a ti o n :  

Y; x  = 0 . 7 5 1 5 - 0 . 0083 7x r = - 0 . 6864  ( p < 0 .  00 1 )  

s o  

By mul ti p l y i n g  th rough the equa t i o n  b y  x ,  the equat i on re l a ti n g  pas ture 

DM i n take ( y )  to h e rbage  a l l owance { x )  can  be fo und  

y = 0 . 7 5 1 5 x - 0 . 00837x2 

Curvi l i ne a r  regre s s i on a n a l y s i s  ( to  the 2 nd  deg ree po l ynomi a l ) 
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re l ati n g  Y; x  to h erb age a l l owance ( x ) gave th e fo l l ow i ng  equat i on : 

Y; x  = 0 . 9 7 7 - 0 . 02 5 2 x  + 0 . 00024x2 ( P < 0 . 00 1 ) RS D = � 0 . 14 

The e xtra p rec i s i on wh i ch res u l ts f rom the c urvi l i nea r 

re g res s i on  was  s tat  i s t i c a l l  y s i g n i f i cant  ( P < 0 . 0 1 ) . 

The re l a t i ons h i p between h e rb a ge ut i l i zat i on a t  a s i n g l e 

g raz i n g  a n d  d a i l y  herb a ge a l l owan ce i s  p l o tted i n  F i g ure 3 . 2 .  

O ver  the range o f  he rb a ge a l l owances  s tud i ed the  re l at i on sh i p 

between h e rb a ge a l l owance  and  herbage  i n take  i s  c u rv i l i ne a r . As 

h e rbage  a l l owance i n creases , p ro g re s s i ve l y  s ma l l e r i n c re a s es i n  

h e rbage  i ntake  a re obta i ned . At the  s ame t i me l owe r l e ve l s o f  

ut i l i z at i on  o f  the  herb a ge o ffe re d o c c u rs . 

3 . 1 . 6 The E ffe c t  of H e rbage Al l owa n ce on  the  Qua l i ty o f  

D i et Se l e cted 

The q ua l i ty of the he rb age  s e l ecte d  by each g roup  of  cows 

was  e s t i ma ted  us i n g the me thods  des c ri bed i n  Chapte r 2 . 5 . 5 .  The 

e ffects  of h e rb a ge a l l owance on the  prote i n and ac i d de terge n t  fi b re 

contents  o f  the h e rb age cons umed by the cows i s  s hown i n  Tab l e  3 . 7 .  

As he rbage  a l l owance i n c rea sed  there was greater  opportun i ty 

fo r the  cows to s e l ect  herbage  o f  a h i gh e r  crude protei n conten t , 
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to the e xten t that  the cows o ffe red the h i gh a l l owance had a 

s i g n i fi cant l y h i gher  protei n content  i n  th e i r di et than  tho s e  offe red 

the l ow a l l owance . The di ffe ren ce i n  the crude p ro tei n contents  of 

the res i d ua l  herbage between the h i gh and the l ow a l l owance treatments  

was  s i g n i fi cant  a t  the 10% l ev e l . 

There we re no s i g n i fi c a n t  d i f fe rences  i n  the ac i d de tergent  

fi b re con cen trat i ons  o f  the h e rb a ge cons umed, o r  the  h erba ge rema i n i ng 

a fter graz i n g , amo n gs t  the th ree a l l owa nce s . Al l cows apparentl y 

cons umed herbage  wi th a l ower ADF content  than the tota l h e rbage  o n  

offer , i rres pecti ve o f  t h e  h e rbage  a l l owa n ce . 

The  i n  v i t ro o rg an i c matte r d i ges ti b i l i ty mea s ureme n ts were 

ca rri e d  o ut on  the herbage s ampl ed  from two o u t  of  the fi ve pas tures . 

Res ul ts  a re s h own  i n  Tab l e  3 . 8 .  



Tab l e  3 . 7  

Al l owance 

H i gh 

Mode rate 

Low 

I 
S E  

...._ 

The crude p rotei n a nd a c i d detergent  fi b re concentra t i ons  o f  the 

h erbage o ffered , the h e rbage  remai n i ng ,  and the herbage  appare n t l y  i nges ted 

Crude P rote i n ( %  of OM)  Ac i d  De te rgen t  Fi b re ( %  o f  OM ) 

Herbage H e rbage H e rb a ge Herbage  H e rbage H e rb a ge 
on Offe r Rema i n i ng Cons umed on Offe r Rema i n i ng Cons umed 

I 16 . 9  26 . 8  i 24 . 5  2 3 . 8  

19 . 5  16 . 3  24 . 2  24 . 5  26 . 0  2 1 . 8  

� 1 3 . 8  2 1 . 8  l 2 5 . 8  2 3 . 8  

+ 
0 . 9 

+ 
1 . 3  

+ 
1 . 0  

+ 
1 . 0  - - - -

H >  L ( P <  0 . 1 ) H > L ( P < 0 . 0 1 ) NS NS 

CXl 0'\ 



Tab l e  3 . 8  � v i tro DOMD% of h e rbage  o ffe red and  herbage  

rema i n i ng  a fte r g ra zi n g  from two pas ture s  

H e rbage Offered Herbage  Rema i n i ng 

Al l owa nce 

Pad  40 

Pad  1 

70 . 8  

69 . 9  

H i gh Mo de ra te Low 

6 9 . 6  

64 . 0  

5 7 . 1  

5 8 . 5  

5 5 . 8  

6 1 . 4  

8 7  

As s um i ng tha t  the trends  s hown i n  Tab l e 3 . 8 ,  from two of the 

pas tures ,  a re re presenta ti ve of a l l the pas ture s  u s ed i n  the expe r iment  

then  i t  i s  a pparen t th a t  a s  h erbage  a l l owance decreas e d  s o  d i d th e 

organ i c  ma tter d i ge s ti b i l i ty o f  the herbage  rema i n i ng afte r gra z i ng . 

Cows o ffe red the l ow a l l owa nce  may ha ve been fo rced to eat  h e rbage 

of  l ower d i ges ti b i l i ty a s  they g ra zed to l ower l e ve l s of res i d ua l  OM 

y i e l d .  Attemp ts to ca l c u l a te the orga n i c  ma tter d i ges ti b i l i ty of 

the h e rbage cons umed from an eq u a ti on  used by Wa l te rs and  E vans  ( 1 9 7 9 ) , 

produced u n rea l i s ti c e s t i ma tes  o f  o rgan i c  ma tte r  d i ges ti b i l i ty .  

The me tabo l i zab l e ene rgy con tent  of  the he rbage offered can  be 

es ti ma ted from the fo l l owi ng eq u a ti on ; 

Me tabo l i zab l e Ene rgy V a l ue  of  H e rbage  

( MJME Kg DW 1 ) 

0 . 1 5 DOMD% ( MAFF , 1 9 7 5 ) . 

As s urn i ng tha t  the me an  of  the two DOMD% fi g u res  s hown i n  Tab l e  

3 . 8  i s  rep re s e n ta t i ve of  a l l the h e rbage offered i n  the expe ri me n t  

then the ME va l ue  of  the herbage  offered equa l l ed 1 0 . 6  MJME k g  DM- 1 
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3 . 2  H erbage  Al l owa nce  and  M i l k  P roduct i on  

Un l es s  otherw i se  s ta te d , t he  mi l k  prod uct i on d a ta presente d  i n  

the tab l es a re the  adj u s ted  trea tmen t  means  a s  a res u l t o f  a n a l ys i s 

o f  cova r i a nce . The m i l k  produ c t i o n  data fo r the fi rs t s e ven  days 

of  the trea tme n t  per i o d  are n o t  i nc l uded i n  th e overa l l mean i n  

orde r to exc l ude th e i n fl uence  o f  the  l e ve l o f  feedi ng  i mme d i a te l y  

pri o r  t o  the d i ffe rent i a l  feed i ng , on  the mea n  v a l ues . 

F u l l deta i l s  of mi l k  p ro du c ti on  fo r each  cow a re g 1 ven 1 n  

Appen d i x I V .  

3 . 2 . 1 Mi l k  Y i e l d  

Mean  mi l k  y i e l ds for  th e cows o ffe re d each a l l owa nce  are 

pre s e n te d  for  each wee k i n  Tab l e  3 . 9 .  

Tab l e 3 . 9  Mi l k  y i e l ds  (l i tres  covr 1 d<w- 1 ) fo r cows o ffered one of 

th ree h e rbage  a l l owances  fo r a 5 week pe r i od 

Herbage  Al l owance 
LS D S i  g .  

H i gh Modera te Low ( P = 0 . 0 5 )  

P re - tre a tmen t  1 5 . 1  1 4 . 2  1 4 . 1  4 . 0  NS 

* 
Week s  1 1 5 . 1 14 . 4 1 3 . 7  1 . 1  H > L 

* 
2 17 . 4  16 . 6  1 4 . 0  2 . 8  H > L 

** 
3 1 6 . 3  1 6 . 3  1 3 . 3  2 . 0  H > L M > L 

* *  
4 16 . 7  1 6 . 0  12 . 6  2 . 1  H > L M > L 

* *  
5 1 6 . 6  15 . 8 1 1 . 7  2 . 2  H > L M > L 

** 
Mean ( 2 - 5 )  16 . 7  1 6 . 2  1 2 . 8  2 . 0 H > L M > L 

Pos t- trea tmen t 6 14 . 6  1 5 . 0  1 3 . 6  2 . 4  NS 

7 14 . 2  1 3 . 5  1 3 . 5  2 . 1  NS 

* *  * 
t ( p < 0 . 1 )  ( P < 0 . 0 1 ) ( P  < 0 . 05 )  NS = Not  s i gn i fi cant  

** 

** 

** 

** 



A decrease  i n  h e rbage  a l l owance  from 5 3  to 3 3  kg OM cow- 1d ay- 1 

had  no s i  g n i  fi cant  effe c t  o n  mi l k  y i  e 1 d a t  a ny s tage . Howeve r a 
- 1 - 1 further decrease  to a n  a l l owance o f  1 3  k g  OM cow day res u l ted i n  

s i g n i fi can t red uct i o n s  i n  m i l k  y i e l d per  cow ( a mea n  decrease  of  

3 . 4  l i tres cow- 1
day - 1 ) . T he  th ree herbage  a l l owa n ces res u l ted i n  

on l y  s l i g h t  cha nges i n  m i l k  yi el d i n  the fi rs t wee k that they were 

offe red . However as  the  peri od of  d i ffere n ti a l  feed i ng conti nued , 

the cows offe red the l owes t a l l owance red uced  thei r mi l k  y i e l ds 

p rogres s i ve l y . After wee k 2 ,  the mi l k  y i e l d s  of  cows offered the 
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h i g h and modera te a l l owa nces  we re fai r l y  s ta b l e at l e vel s above th o s e  

recorded befo re or a fte r t h e  trea tme n t  peri o d . The s i g n i fi ca n t  

ad van tages  i n  da i l y m i l k  y i e l d o bta i ned by o ffe r i ng  the h i gh and  

modera te a l l owances were not  s u s ta i ned whe n the th ree groups  of cows 

we re re tu rned to gra ze  w i th the No . 3 da i ry herd , ( we eks 6 and 7 ) . 

3 . 2 . 2  Fat  Co rrec ted Mi l k  Y i e l d ( F CM )  

M i l k  y i e l ds corrected to  a 4% fa t con te n t , ( FCM , Ga i nes , 

1 9 28 ) a re p re sented i n  Tab l e  3 . 10 .  There were no s i gn i fi cant  

d i ffe re nces  i n  FC�� y i e l d between the  cows o ffe red th e h i g h and  

modera te a l l owa nces at  any s tage . The  FCM  y i e l ds of  the  cows 

offered th e l ow a l l owance  were s i gn i f i can t l y  de pressed from week 2 

onwa rds . As w i th mi l k  y i e l ds , th e cows o ffe red the h i gh and  

mode ra te a l l owances d i d no t ma i n ta i n th e i r s i gn i fi cantl y  h i gher  

y i e l ds of  FCM  when  the cows  were re tu rned to  g r a ze w i th th e No . 3 

d a i ry h e rd . 

There was no e ffec t  o f  h e rbage  a l l owance  on  FCM yi e l d i n  the 

fi rs t week i n  wh i ch the d i ffe re n t  h e rbage a l l owan ces were offered , 

and  cows offe red the  h i gh and  modera te a l l owances  red uced FCM y i e l ds  

dur i ng th i s  week . 

3 . 2 . 3  M i l k fa t  Percen tage 

Mean  m i l k fa t  percentages fo r each g roup  o f  cows a re presen ted  

wee k  by  wee k i n  Tab l e 3 . 1 1 .  
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Tab l e  3 . 10 Fat  corre cted  mi l k  y i e l ds ( k g  cow - 1
day - 1 ) of cows o ffe red 

d i ffe ren t  h e rb age a l l owances fo r a 5 week per i od 

H e rb age A l l owance 

H i gh Mode rate Low LS D S i  g .  

P re - trea tmen t  1 6 . 2  16 . 3  1 5 . 4  4 . 3  NS 

\.�eek 1 1 5 . 7  1 5 . 4  1 5 . 4  1 . 0 NS 
* *  

2 18 . 1 16 . 5  1 4 . 7  2 . 1  H > L 
** 

3 1 7 . 5  1 7 . 4  1 5 . 0  1 . 7  H > L M >  L 
** 

4 1 7 . 6  1 7 . 1 1 2 . 9  2 . 1  H > L M >  L 
** 

5 1 7 . 3 16 . 4  1 2 . 7  2 . 4  H > L M >  L 
** 

Mean Weeks  2 - 5 1 7 . 7  16 . 8  13 . 8  1 . 9  H > L M >  L 

6 16 . 8  16 . 5  1 5 . 2  2 . 4  NS  

7 1 5 . 2  1 5 . 9  1 5 . 2  2 . 3  NS 

Tab l e 3 . 1 1  Mi l k fa t  p e rce n tages  fo r cows o ffered  di f fe re n t  h e rbage  

a l l owances  fo r a 5 week  peri od  

H e rb age Al l owance 

H i gh Mode ra te Low LS D S i  g .  

P re - treatmen t  4 . 5 3 5 . 00  4 . 7 5  0 .  70  NS 
* 

Week 1 4 . 28 4 . 74 4 .  9 1  0 . 59 L >  H 

2 4 . 26 4 . 00 4 . 36 0 . 4 5 NS 

3 4 . 50 4 . 6 5  5 . 0 2 0 . 69 NS  

4 4 . 29 4 . 6 3  4 . 48 0 . 68 NS 
* 

5 4 . 32 4 . 26 4 . 74 0 . 46 L >  M 

Mean Wee ks  2 - 5 4 . 35 4 . 38 4 . 6 5  0 . 44 NS 

Pos t-- t reatmen t  6 5 . 0 1  4 . 95 4 . 9 2  0 . 8 1 NS 

* *  

* *  

* *  

** 
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The mean mi l k fa t  percentages for wee k s  2 - 5  o f  the treatme n t  

peri o d  we re n o t  s i gn i fi can t l y  d i ffe ren t amongs t the th ree gro up s  

o f  cows . Cows o ffe red the l owes t  a l l owa n ce had  s i g n i fi cant l y h i gh e r  

mi l k fa t  pe rcen tages th a n  one  o f  the o th e r  tre a tmen t groups  i n  wee k s  

l and  5 ,  s ugges ti ng  a s l i gh t  i nc rease  i n  mi l k fa t  percen tage a s  

h e rb age al l owance  de c reas ed . 

3 . 2 . 4  M i l k fa t  Y i e l d 

The mean da i l y mi l k fat y i e l ds fo r the  cows i n  each  tre a tme n t  

are s h own week by week  i n  tab l e 3 . 12 ,  a l o n g  w i th th e to ta l  mi l k fa t  

p ro d u ct i on ( k g  cow- 1 ) for weeks  2 - 5 o f  the treatmen t  peri o d .  

Tab l e  3 . 1 2 

P re - treatme n t  

Wee k 1 

2 

3 

4 

5 

Mea n  Week s  2 - 5  

Mi l k fa t  y i e l ds ( k g  MF cow - 1
day - 1

) for cows offe red 

d i fferen t h e rb age  a l l owa n ces  fo r a 5 week peri o d  

H e rba ge Al l owance 

H i gh Moderate L ow LS D S i  g .  

0 . 6 8  0 . 7 1 0 . 6 5 0 . 19 NS  

0 . 6 5  0 . 69  0 . 6 8  0 . 09  NS 
* *  

0 . 74 0 . 6 6  0 . 6 1  0 . 09  H > L 
* 

0 . 7 3 0 . 7 3 0 . 6 4 0 . 0 7  H > L M >  L 
** 

0 .  7 3  0 .  7 1  0 . 54 0 . 09  H > L M > L 
* *  

0 .  7 1  0 . 6 8  0 . 54 0 . 10 H > L M > L 
* *  

0 . 73 0 . 70 0 . 58 0 . 0 8  H > L M > L 

Pos t- tre a tmen t 6 0 . 7 3 0 .  7 1  0 . 6 5  0 . 1 1  NS  

7 0 . 6 5 0 .  7 1  0 . 6 6  0 . 10 NS  

Tota l Mi l k  fa t 
( k g  cow- l ) 

** 
Week s  2 - 5 1 7 . 5  16 . 7  1 4 . 0  1 .  7 2  H > L M > L  

* 

* *  

* *  

** 

** 



Decre as i ng the  amount  o f  h erbage o ffered da i l y  from 5 3  k g  DM  

c ow- l 
to 33  kg  DM c ow

- l  
had  no s i gn i f i c a n t  effect  on  mi l k fa t  y i e l d 

a t  any s tage . Red uc i n g  the herb a ge o ffe red furth e r , to 1 3  k g  DM 

c ow- 1day - l res ul ted  i n  a re duct i on  i n  y i e l d of up  to 0 . 19 kg mi l k ­

fat  cow- 1day - l Th i s  me ant  s i gn i fi ca n t  ( P < 0 . 0 1 ) l os s e s  o f  mi l k ­

fat , when compa red  to the cows o ffe red th e h i gh and modera te 

a l l owan ces ( 3 . 54 a n d  2 . 76 k g  mi l k fa t  c ow- 1 ) . S i gn i fi c ant  

d i ffe rences i n  t he  da i l y  y i e l d o f  mi l k fa t  amongs t t he  th ree group s  

of  cows we re not  s us ta i ned  i n  t he  two wee k s  i mmed i ate l y  after  the  

cows  we re re tu rned to  the  No . 3  da i ry h e rd . 

The e ffe cts  o f  o ffe ri ng  the d i ffere n t  herbage al l owances  o n  

the mi l k fa t  p roduc t i on over  the rema i n de r  o f  the l acta ti on  a re 

s ummari sed  i n  Tab l e  3 . 1 3 .  

Tab l e 3 . 1 3 M i l k fa t  y i e l ds ( kg cow- l ! S E )  fo r cows offe red th ree 

d i fferent  h e rb age a l l owances  i n  ear l y l ac ta t i o n  

l .  Treatmen t y i e l d  
2 . P os  t- t re a tme n t y i e 1 d 
3 .  Tota l  y i e l d  

Herb a ge A l l owance  LS D 

9 2  

H i gh �1ode ra te Low ( P=0 . 05 )  S i  g .  

:: 0 . 9  
+ + 

Week s  2 - 5  1 7 . 5  16 . 7  - 1 . 6 1 3 . 9  - 1 . 2 1 . 7  H ,  M >  L 

5 - 34 104 . 5  :: 6 . 5  
+ 

109 . 6  - 1 7 . 3  104 . 0  
+ 
- 9 . 7  28 . 3  

2 - 34 1 2 2 . 0  1 26 . 3  1 18 . 0  

Note : The m i l k  p roduc t i on data  fo r week 1 ,  ( the fi rs t week  o f  

d i ffe re n t i a l  feed i ng ) , were e xc l uded . 

NS  

NS  

** 

Di ffe rences  i n  mi l kfat  y i e l d e s tab l i s hed  th ro ugh o ffe r i n g  

d i fferen t  h e rbage  a l l owances  d u ri n g  week s  2 - 5 d i d not  pers i s t th ro ugh ­

o u t  the rema i nder  o f  the l a ctati o n  ( week s  5 - 34 ) . Of the  to ta l 
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mi l k fa t  y i e l d di ffe rence for the wh o l e l actat i on  o f  4 . 0  k g , b etween 

cows o ffe red the h i gh and l ow a l l owan ces , 3 . 5  kg  cow- l 
o f  th i s  

d i ffe rence occured d u r i ng  the t i me th at cows we re o ffe red th e 

d i fferent  herb age a l l owan ces . The cows o ffe red the mode ra te 

a l l owance p ro d uced at a cons i de ra b l y  h i gh e r  l e ve l duri n g  w ee k s  5 - 34 

than the o th e r  two g ro ups o f  cows , a nd  the i r adva n tage i n  mi l k fa t  

y i e l d over  th e cows o ffe re d the l ow a l l owance  h a d  i n crea sed  f rom 

2 . 76 k g  MF cow- l to 8 . 3  k g  MF cow
- l  by the end  o f  l acta t i o n . The l a te r 

d i fference was not  s ta ti s t i ca l l y  s i g n i fi ca n t . 

3 . 2 . 5 Mi l k  P rote i n Percentage 

Me an  p ro te i n contents ( % ) o f  the mi l k  p roduced a re 

s umma r i s ed on a w e e k  by vJeek  b as i s  i n  Tab l e  3 . 14 .  

Tab l e 3 . 1 4 M i l k  p rote i n pe rce n ta g e s  fo r cows o ffered one  o f  

th ree h e rb age  a l l owances  

H e rb age Al l owance 
LS D S i  g .  

H i gh Mo de rate Low ( P =0 . 0 5 )  

P re- tre a tme n t  3 . 2 1  3 . 37 3 . 48 0 . 40 NS 

\�eek 1 3 . 34 3 . 32 3 . 2 1  0 . 19 NS 
* *  

2 3 . 7 3 3 . 70 3 . 35 0 . 20 H > L 
* 

3 3 . 6 6  3 . 64 3 . 44 0 . 2 1  H > L 
* 

4 3 . 5 2 3 . 55 3 . 2 5  0 . 25 H > L 
* 

5 3 .  7 7  3 . 78 3 . 46 0 . 24 H > L 

** 
Mean Weeks  2 - 5  3 . 6 8  3 . 66 3 .  36 0 . 19 H > L 

M i l k  protei n pe rcen tage p roved to be  mo re s ens i ti ve to  the 

M >  L 

M >  L 

M >  L 

M >  L 

h erb age  a l l owance o ffered th an  d i d m i l k fa t  perce n ta ge . D i ffe rences  

i n  mi l k  p rotei n p ercen tage between the cows  o ffered  the h i gh and  

* *  

* 

* 

* *  
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mode ra te a l l owa n ces  were sma l l a nd  non- s i gn i f i ca n t . The re was a 

s i gn i f i c a n t  fal l i n  the mi l k  prote i n  percen tage o f  the m i l k  

produced  by the cows o ffe red the l ow a l l owance . 

3 . 2 . 6  Mi l k  P ro te i n Y i e l d  

The i n f l uen ce o f  offeri ng  d i fferent  herbage a l l owances  to 

cows on the i r mi l k  protei n y i e l ds i s  s hown i n  Tab l e  3 . 1 5 .  

Tab l e 3 . 1 5 The mi l k  p ro te i n y i e l ds  ( k g  cow- 1 day- 1 ) o f  cows 

o ffered one  of th ree h erbage  a l l owa nces  

Herbage Al l owa n ce L S D  S i  g .  

H i gh Mode ra te Low ( P=0 . 0 5 )  

P re- tl�ea tmen t 0 . 48 0 . 48 0 . 49 NS 

\�eek 1 0 . 5 1  0 . 4 7  0 . 4 3  0 . 1 6 NS 
* 

2 0 . 6 5  0 .  6 1  0 . 4 7  0 . 1 7 H > L 
* 

3 0 . 60  0 . 5 8  0 . 4 5 0 . 1 5 H > L 
* *  

4 0 . 60 0 . 56 0 . 3 7 0 . 1 3 H > L 
** 

1-J 0 . 6 3  0 . 59 0 . 4 3  0 . 1 4  H > L 
* *  

Mean Week s  2 - 5 0 . 6 2 0 . 5 9 0 . 43 0 . 1 4 H > L 

Total  Y i e l d 
( kg  covr l ) 

* *  
Weeks  2 - 5 14 . 8  1 4 . 1  10 . 1  3 . 3  H > L 

�'! > L 

M > L 

M >  L 

M > L  

* *  

* *  

* 

* 

The effects o f  the th ree h e rbage  a l l owances  o n  mi l k  prote i n 

y i e l d  were s i mi l i a r to the e ffec ts o n  mi l k  a n d  mi l k fat  y i e l d s . Th e re 

were n o  s i gn i fi c a n t  d i ffe rences  i n  the mi l k  p ro tei n y i e l ds  b e tween 

the cows o ffered th e h i gh and modera te a l l owances . The mi l k  pro te i n 

y i e l ds o f  the cows o ffered the l owes t a l l owan ce were s i g n i fi can t ly  

depre s s e d  from week  two o nwards . Cows o ffered the  h i g h  and  moder a te 

a l l owance s  p roduced  4 . 7  k g  cow
- l  ( P < O . O l )  a n d  4 . 00 kg cow- l ( P < 0 . 0 5 ) 
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more mi l k  prote i n  dur i ng  wee ks  2 - 5 th an  c ow s  offered the l ow 

a l l owance . P ro te i n  y i e l ds were not  me as ure d  fo l l owi ng  the remo va l  

o f  cows from the i r h e rbage  a l l owance tre a tme n ts . 

3 . 2 . 7  Soma ti c Ce l l  Co unts 

The mea n  s omati c ce l l counts fo r the 32  day trea tme n t  pe r i od  

were 4 . 58 x 1 0
5

, 8 . 28 x 10
5 

and  5 . 19 x 10
5 

ce l l s  ml - l 
fo r the  cows 

o ffe red the h i gh ,  mo de ra te a nd l ow a l l owan ces re s pecti ve l y . The 

means  were not s i g n i f i ca n tl y d i ffe ren t  ( LS D P=0 . 05 ,  7 . 7 1  x 10 5 ) .  

Th es e cel l coun ts , i f  used  a s  an  i nd i c a to r  o f  s ub - c l i n i ca l  mas ti t i s ,  

wo u l d s ugges t that  th e occurence of  s ub - c l i n i ca l  mas ti t i s i n  the  

exper i men ta l  cows  may have  been  rel a t i ve l y  h i gh ,  a n d  may h ave 

pl a ced a l i mi tat i on  o n  mi l k  y i e l d .  H owe ver  th e res ul ts i n d i c a te no 

trea t�ent  effe c t . Th e i n c i dence of s ub - c l i n i ca l  mas ti ti s a s  mea s u re d  

by the s omat i c ce l l coun t , cou l d n o t  b e  c o n s i dered as  a contr i b u to r  

to d i ffe rences  i n  m i l k  p ro d u c t i on between treatme n ts . 

3 .  3 . 1  

3 . 3  L i vewe i gh t  and  Cow Body Cond i ti on Change 

L i vewe i gh t  Change 

Both un fas ted and  fas ted l i vewe i g h ts were a va i l ab l e fo r 

e s t i ma t i ng the rate of  l i vewe i g h t  ch a n ge d ur i ng  th e treatme n t  per i od  

( s ee  Chapter  2 . 6 . 2 ) . T he  mea n  l i vewe i gh t  changes  ( kg  cow- 1
day - 1 ) 

ca l c u l a ted by u s i n g  each  of  th e me thods  des cr i bed above a re s hown i n  

Tab l e  3 . 16 .  F u l l deta i l s  o f  l i vewei g h t  an d cond i t i on s co re for 

each cow a re s hown i n  Append i x V .  

Th e mean i n i t i a l l i vewe i ghts ( u n fa s te d ) o f  the th ree g ro u p s  

of  cows were 337 , 356  and  3 6 9  k g  for t h e  h i gh ,  moderate and  l ow 

a l l owances  res pec t i ve l y . At the end o f  the trea tme n t  peri od  the  

mea n  l i vewe i gh ts ( u n fa s ted ) we re 365 , 3 7 1  and  358  kg  for th e th ree 

g ro u ps of cows . 
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Tab l e 3 . 1 6 The mean ra te o f  l i vewe i gh t  change  ( k g  cow- 1 day - 1 ) 

of  cows offered th ree d i fferen t herbage a l l owances  

Herbage  A l l owan ce 
LSD  

H i gh Modera te LovJ ( P=0 . 05 )  S i  g .  

Me thod 1 :  

U n fas  ted ��e i gh ts +0 . 70 +0 . 34 - 0 . 30 0 . 42  H > Mt 
H ,  �1 > L  

Me thod  2 :  

Fas te d We i gh ts +0 . 6 3  +0 . 42 +0 . 22 0 . 3 3 H > L 

The  tv;o meth o ds of  e s ti ma t i ng  l i vewe i g h t  change we re i n  

re as onab l e  a g reemen t  for the cows offe red the h i g h and  moderate 

a l l owances , b u t  no t for the cows o ffe red the l ow a l l owance . 

Cows o ffe red th e h i gh a l l owance i n c reas ed the i r l i vewe i gh t  

* 

** 

a t  a fa s te r  r ate ( P < O . l ) th an cows offe re d the modera te a l l owance  i f  

the un fa s te d  wei g h ts a re u sed . F i ve of the s i x  cows offere d  th e l ow 

a l l owance l os t  we i gh t  i f  the u nfas ted we i gh ts a re used , a n d  the i r 

ra tes o f  l i vewe i g h t  change d i ffe red s i gn i f i c antl y ( P < O . O l )  from th e 

other  g roups  of  cows . 

I f  the fas te d  we i g h ts a re u s e d  ( Me thod 2 ) , o n l y  th e rates of  

l i vewe i gh t ch ange b etween the c ows o ffered the  h i gh and  l ow a l l owances  

we re s ta t i s t i ca l l y  s i gn i fi cant  ( P < 0 . 0 5 ) . Reas ons  fo r the apparent  

d i fferences  b e tween the  two me thods  i n  es ti ma ti ng  l i vewe i g h t  change  

w i l l  b e  d i s c u s s e d  i n  Cha pter 4 .  

3 . 3 . 2  Cow B o dy Cond i ti on  Ch a nge 

The mean cond i t i on  s co re s  fo r the cows i n  each g roup , b efo re 

and  a fte r the peri od  i n  wh i ch the  d i ffere n t  a l l owances were o ffe red , 

p l us the  mea n  ch a n ge i n  condi t i on  s co re o ve r  th i s  t i me a re i n  

Tab l e  3 . 1 7 .  



Tab l e  3 . 1 7 I n i ti a l a n d  fi na l cond i t i on s co re s  fo r the cows 

offered e a ch h e rbage a l l owance  

He rbage Al l owance 
LS D 

H i gh Modera te Low 

Mea n  C .  S .  a t  s ta rt 4 . 08 3 . 83 3 . 7 5 0 .  84 

Mean C . S at fi n i s h  4 . 82 4 . 2 5 3 . 37 1 . 03  H 

S i  g .  

NS  
* *  

> L 
* *  

Mean  Changes  i n  C . S  +0 . 7 3  +0 . 42 -0 . 38 0 . 80 H > L 

Mean  c . s .  Las t mon th 
of  Lacta ti on 4 . 46 4 . 36 4 . 29 0 . 52 NS  

T here 1-1a s  ve ry l i tt l e d i ffe re nce i n  the mean con d i t i on  

s co res of the th ree groups  of  cows a t  th e s tart  of  the experi men t , 

9 7  

M > L  

b u t  the cows o ffered the l owe s t  a l l owa n ce l os t  cond i t i on , a n d  th e cows 

offe re d the mo de rate a n d  h i gh a l l owances  ga i ned  cond i ti on  i n  the 

fo l l ow i ng  f i ve week p er i od . The mean cond i t i on s co re changes  wou l d 

s upport  th e l i vewe i gh t  change mea s u rements  ma de by us i n g th e u nfas ted 

1 i vewe i gh ts . 

3 . 4 . 1  

3 . 4  E v a l u at i on of  the  Res po n se s  of  Cows of  

' H i gh '  and  ' Low ' Me r i t fo r Mi l k fat  

P ro d uct i on  to H e rb a ge Al l owance 

Fat Co rrecte d  Mi l k  P roducti on 

The mean 4% fat -corrected mi l k  y i e l ds  fo r each cow were 

re l a te d  to l i fe t i me p rod u ct i o n  i ndex  ( L P I ) and h e rb a ge a l l owance by 

the fo l l ow i ng  equat i on : 

* 



( - 1 - 1 ) ( * * ) ( * *  F CM kg cow day = - 4 . 2 2  + 0 . 1 385 x 1 
+ 0 . 1427  ) x2 

( P < 0 . 0 1 , S E � 2 . 1459 ) 

x2 = Herbage A l l owance  ( k g  DM cow- 1 day - 1 ) .  

* *  
( P < 0 . 0 1 ) .  

L i fe ti me prod u cti o n  i n dex and  feed o ffe red a c coun ted  fo r 66%  o f  the  

v a ri a t i o n  i n  fat  co rrected mi l k  y i e l d d ur i n g  the 3 2  day per i od i n  

wh i ch d i ffe ren t h erbage a l l owan ces were offered . 

3 . 4 . 2  L i vewe i gh t  Cha nge 

The  ra te of  l i vewe i g h t  change was re l a ted  to L P I  a n d  herbage 

a l l owa nce  by the fo l l ow i ng eq uat i on ; 

( - 1  - 1 ) * *  
6LW kg  cow day = 0 . 3301  - 0 . 00 7 2  ( NS ) X 1 + 0 . 0 2 2  ( ) x

2 

( P < 0 . 0 1 , S E  � 0 . 344 5 )  

x 1 LP I .  ( - 1 - 1 x 2 = H e rbage  Al l owance k g  DM cow day ) . 

* *  
NS - Not  s i gn i f i can t .  ( P < 0 . 0 1 ) .  

9 8  

L i fe ti me p rod u c t i o n  i n dex and  h e rbage  o ffe red acco u n ted f o r  58% of  th e 

vari a t i o n  i n  l i vewe i gh t  change d ur i ng  the 32  day peri od . 

3 . 4 . 3  Cow Cond i ti on Score Change 

Changes  i n  cow con d i ti on  s co re were re l a te d  to LP I a n d  

herbage  a l l owa nce b y  the fol l owi n g  eq ua ti on ; 

6 CS = 1 . 700 1 - 0 . 0 188 ( t ) x 1 + 0 . 0203  ( * ) x2 

( P < 0 . 0 1 , S E = 0 . 5809 ) 

x 1 = L P I . x 2 = Herb age  Al l owa n ce ( k g  OM cow- 1 day - 1 ) . 

t ( P < 0 . 1 ) . * ( P < 0 . 0 5 ) . 
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L i fe t i me p roduc ti on  i n dex  a n d  feed o ffered acco u n te d  for 4 4 %  o f  th e 

va ri a t i on i n  the cond i ti on s co re chan ges  d ur i n g  th e 32  day trea tmen t  

p er i od . 

3 . 4 . 4  Ana lys i s  o f  Var i a n ce 

The e ffec ts of  th ree l e ve l s  o f  herbage  o ffe red and  two 

l e ve l s  of  c ow ' phenoty p i c me r i t '  o n  FCM y i e l d ,  l i vewe i g h t  change  

and  condi t i on s core change  were  exami ned by  3 x 2 fa ctori a l  an a l ys i s  

o f  var i a nce . Tab l e 3 . 1 8 s hows the mean  va l ues  for FCM y i e l d ,  

l i vewe i gh t  change and con d i t i on  s co re change fo r th e ' h i gh '  a nd  ' l ow '  

p roducers o ffe red each h e rbage  a l l owa nce . 

H e rb a ge a l l owance had  s i g n i fi c ant  e ffec ts ( P  < 0 . 0 5 )  on F CM 

y i e l d , l i vewe i g h t  change  a n d  cond i t i on  s c o re change . H i gh p roduc i ng  

cows p roduced  s i g n i fi ca n t l y  mo re ( P < 0 . 0 1 ) fa t co rrected mi l k  on the 

mode ra te a n d  l ow a l l owances  than th e ' l ow ' p roduc i n g cows . 

D i ffe rences i n  th e ra tes  o f  l i vewe i g h t  g a i n b e tween ' h i gh ' a n d  ' l ow '  

p roduc i ng cows a p p roached  s i g n i fi cance ( P < 0 . 0 5 )  on  two of  th e th ree 

a l l owances , s ugges ti ng tha t  the ' l ow '  p roduc i n g cows may have  ga i ned 

mo re or l o s t  l es s  l i vewe i g h t  when offe red  the s ame herbage a l l owa nces 

as ' h i gh '  p roducers . T here 'Here no  s i  g n i  fi can t i n teracti ons  between 

h e rbage  a l l owance and  c ow phenotyp i c me ri t .  F u l l a na lys i s  of 

v ar i a nce tab l e s  for th i s  a n a l ys i s  a re s hown i n  Append i x V I . 

ASSEY UNIVERSI 
. iRA3l 
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Tab l e 3 . 18 Mean FCM y i e l ds , l i vewe i g ht  c hanges  and  c ow con d i ti on  s co re changes  o f  c ows w i th 

' h i gh '  and  ' l ow '  l i fe t i me p roduct i on  i n d i ces , o ffe re d th ree d i fferen t h e rbage a l l owances  

Mean  L P I  

( 
- 1  - 1 ) FCM y i e l d  l i t res  cow day 

( 
- 1  - 1 ) 

L i vewe i gh t Ch ange k g  cow day 

Cond i t i o n  Score Change ( per cow ) 

H i gh 

1 1 8  

18 . 46 

+0 . 5 3 

+0 . 80 

H e rbage Al l owance  

Mode ra te 

96 1 3 1  100 

1 7 . 20 19 . 4 3 14 . 76 

+0 . 8 7 +0 . 24 +0 . 44 

+0 . 6 7  +0 . 4 3 +0 . 40 

L S D  ( P=0 . 0 5 ) 

L OVJ H . A .  L P I  ; 

1 3 1  100  

1 5 . 66 1 1 . 1 2 3 . 5 7 2 . 9 1  

-0 . 46 - 0 . 1 3 0 . 43 0 . 35 

- 1 . 00 +0 . 2 3 0 .  7 2  0 . 59 

....... 0 0 
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4 . 1 . 1  

D I S CUSS I ON 

4 . 1 He rb a ge Al l owance a n d  H e rbage  I n take  

Da i ly Herbage A l l owa n ce Offered 

10 1 

The mean  da i l y  h e rbage  a l l owan ces o ffe red o f  52 . 7 ,  33 . 2  a n d  

1 3 . 5  k g  OM cow- l  a p p ro xi ma ted the i n tended  herbage  a l l owances  o f  

5 5 , 3 5  a n d  1 5  k g  OM cow - l I have  p re fe rred t o  express herbage  
- 1 

a l l owance as  k g  OM cow i n  contras t to th e d e fi n i t i on by Hodg son  

( 1 9 76 ) , wh i ch expre s s es h e rb a ge a l l owa nce as  k g  OM  per  un i t 

l i vewei gh t .  The e xpres s i on of  herbage  a l l owa n ce as defi ned  by 

Hodgson  ha s  n ot  been w i de l y  a pp l i ed i n  New Zea l a n d  e xcept i n  rel a t i o n  

to  young  b ee f  catt l e ,  ( e . g .  Tr i gg a n d  Ma rs h , 1 9 79 ) .  Th i s  may be a 

re f l ect i on  o f  the need to e x p re s s  h e rbage a l l owa nces  i n  terms th a t  

a re recogn i s ab l e  to fa rme rs a n d  s i n ce few New Zea l a n d  fa rme rs h a ve 

s ca l es ava i l ab l e to we i gh th e i r s to c k , few wo u l d f i n d  exp res s i o n s  

re l a ti ng to l i vewe i gh t  mea n i n g fu l . For  compa ra t i ve p u rposes  the 

d a i l y  h erbage  a l l owan ces  o ffe red i n  th i s  expe r i me n t  can be  e xp res s e d  

a s  16 , 1 0  a n d  4 k g  O M  p e r  1 0 0  kg  l i vewe i g h t  o r  160 , 100 a nd  4 0 g  OM pe r 

k g  l i vewe i ght  for  the h i gh , mode ra te a n d  l ow a l l ow a n ces res pec t i ve l y . 

The da i l y  h e rbage  a l l owan ces o ffe red i n  th i s  e xperi me n t  a re 

s i mi l a r  to th e ra nge o f  a l l owances o ffered by B ry a n t  and  Cook ( 1 9 7 7 ) _ 

Th i s  was  i n tended  a s  a mea n s  to exami ne  s ome o f  th e d i fferen ces  th a t  

mi g h t  a r i s e  a s  a res u l t o f  o ffe ri n g  h e rbage a l l owa nces o n  pas tures  

o f  d i ffer i n g  chara cteri s ti cs . Th e h e rbage a l l owances offe red  to 

cows i n  New Zea l an d  expe r i me n ts we re h i gh i n  compari s on to th o s e  

o ffered i n  t h e  exper i men ts b y  Combe l l a s  a nd H odgs o n  ( 1 975 , 1 9 7 9 ) , 

( i . e .  2 5 - 90g  OM kgLW
- 1 ) . Some i mp l i c at i o n s  o f  the d i ffe rences  

i n  the ran ge o f  h e rbage  a l l owances o ffered w i l l  b e  d i s cus s e d  l a ter .  

The meas u reme n ts o f  d a i ly  herbage  a l l owance  made by cutt i n g  

h e rbage  to  ground  l eve l a n d  thos e  made by t h e  E l l i nbank  pas ture me te r 

we re s i gn i fi cant ly  c orre l a te d  ( r = 0 . 82 ) . The  u s e  of herbage  
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a l l owances  i n  the  p l ann i n g  o f  g ra z i ng  ma nagemen t req u i res a 

k nowl edge  of  the  y i e l d o f  OM pe r un i t a rea . Th e compar i s on made i n  

th i s  expe ri me n t  s ug ges ts th a t  the  E l l i n bank  mete r i s  an a l terna ti ve 

to c u tt i n g  and dry i n g  herbage  i n  o rder to p ro vi  de es  ti ma tes of th e 

y i e l d o f  ungra zed herbage . Q u i c k e r  and  eas i er ,  b u t  l es s  obj e c ti ve 

me thods  may be  mo re usefu l  to the da i ry fa rme r i n  a s s es s i ng da i l y  

h e rbage  a l l owances . The comp a ri s on b e tween th e two me th ods of  

h e rb a ge OM y i e l d es ti mat i o n  i n  th i s  expe r i me n t  s ugges ted  th a t  th e re 

may be  con s i dera b l y  more p rob l ems i n  e s t i mat i ng  y i e l ds o f  herbage  

a fter i t  ha s  been g razed  ( s ee Chapte r  3 . 1 . 2  a nd  fo l l ow i n g  d i s cu s s i o n ) . 

4 . 1 . 2  E s t i ma t i on of  Dry Ma tter I n ta ke 

Me an DM i n ta kes o f  1 5 . 8 ,  14 . 3  and  9 . 6 kg  DM cow
- 1

day- 1  were 

meas ured  fo r the h i gh ,  mo de ra te and l ow a l l owances  res pect i ve l y  over  

th e fi ve wee k per i od . Es t i ma tes  of h e rb a ge i n take  fo r g ra z i n g  

a n i ma l s a re often re garded w i th cons i dera b l e s us p i c i on d ue t o  the 

l a c k  o f  p re c i s i on o f  c u rre n t  methods of  meas ur i ng  g raz i n g  i n take  

( P i gden  a n d  M i n son , 19 6 9 ; C l  ark and  B rough am , 1 9 79 ) . A p l o t  o f  the  

da i l y  h e rb age a l l owa nces o ffe red vers us  the  da i l y  h e rbage  i n take  

i n  F i g ure 3 . 1 ,  s h ows th a t  th ere was con s i derab l e  day to  day va ri a t i on  

i n  me a s u red h e rbage i n ta ke  per  cow des p i te s i m i l a r herbage  a l l owances 

be i n g  o ffered each day . Th i s  i mmedi a te l y  cas ts s ome do ub t on th e 

re l i ab i l i ty o f  the  ' d i ffe re n ce ' me thod fo r es ti ma t i n g  DM i n take . 

The  es t i mates of  i n take  we re appa re n t  rath e r  than true i n ta ke  

i n  tha t s ome DM  may ha ve d i s a p peared  from t he  pa s t u re dur i ng  g ra z i n g  

by  mea n s  other  man i nges t i on  by  the  cow , e . g .  tramp l i n g be l ow th e 

h e i gh t o f  s amp l i ng .  C l a rk a n d  B rougham ( 19 79 )  n o te d  th a t  the 

' d i ffe re n ce ' me thod b ecame i n crea s i n g l y  mo re i na c c u ra te when s o i l 

mo i s t u re l eve l s  were h i gh a s  th e d i s ap p e a ra n ce o f  OM by tramp l i ng 

b e l ow the he i g h t  of s ampl i n g was mo re l i ke l y  to o c c u r  u nder  wet  

cond i t i o n s . The  p res ent  e xper i men t took  p l a ce d u r i ng a peri od  of  

comp a ra t i ve l y  l ow ra i n fa l l a nd  s o i l mo i s t u re l eve l s d i d n ot  appear  to  

rea ch the  po i n t  tha t  there was  n ot i ceab l e pa s t u re damage . 

Another  fac to r  a ffec t i ng  the es t i mates o f  i n ta ke  wh i ch was  not  
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accounted  for i n  th i s  experi men t was th e g rowth of  pas ture occuri n g  

betvo�een  the tvJO es ti mates of  herbage  y i e l d ( b e fore a n d  a fte r g ra z i n g ) . 

The per i od  between the samp l i n g befo re gra z i n g , a n d  when g ra z i n g  

commenced  was a l mo s t  2 4  h o u rs . The maxi mum growth ra te dur i n g  

September  a n d  Oc tobe r a t  No . 3  da i ry i s  ap p ro x i ma te l y  6 0  k g  O M  h a: 1 

day- 1 ( C . W .  Ho l mes  a n d  R . J .  Mclena ghan , u n pub l i s hed  data ) . I f  th i s  

grmr.J th rate o c c u red between the es ti ma t i on  of  herbage  y i e l d and  the  

commen cement  o f  g ra z i ng  then  the  a c tua l  h e rb a ge a l l owances offe re d 

may have  been u p  to 1 . 1 k g  OM , 0 . 6  kg  OM and  0 . 3  k g  OM h i gh e r  per  

cow th an  those  meas u red  th e day befo re fo r th e h i gh ,  mode ra te and  

l ow a l l owa nces  res p ect i ve l y .  Due to the  va r i ab i l i ty i n  pas t u re 

growth ra tes each  day , and  the va r i at i on  i n  e s t i ma tes of herbage  

a l l owance i n dependent  of  t he  grow th o f  h e rb a g e , th ese  ' p l a nt  g row th 

errors ' were n o t  cons i dered  i mporta n t  enough  to e n te r  i n to the 

ca l cu l at i on  of a pp a ren t h e rbage  i ntake . 

The erro rs for  e s ti mati ng h e rbage  i n take  on a s i n g l e day have  

been  c a l c u l a ted fo r th i s  e xperi men t and  a re p resen ted i n  Ch apter  

3 . 1 . 4 .  A s ta n d a rd e rror of  25%  was a s s oc i a ted w i th meas uri ng  OM 

i n take  at the h i gh a l l owa n ce and the re was an exceed i n g l y  h i gh 

coeffi c i e n t  of  var i at i on . ( C . V .  = 74% c . f . 34% fo r th e moderate  

a l l owance ) . C l a rk and  B rougham ( 1 9 79 ) n oted th a t  the  ' d i ffe rence ' 

me th od became i n c reas i n g l y  i naccura te as  h e rb age a l l owance i n c rea s e d . 

Th e ma gn i tude o f  th e error a s s oc i ated w i th es ti mat i ng  he rbage  

i n take on any one  day wi l l  be dete rmi ned  by the  var i ab i l i ty of  the 

we i gh t  of herb a ge i n  the swa rd and  l os s es  o f  OM not reco vered by 

c l i pp i ng . Swa rd v a ri ab i l i ty can be  compens a ted for by i nc rea s i n g 

s amp l e n umbe rs , ( P i gden  and  Mi nson , 1 96 9 ) . I n  th i s  exper i me n t  th e re 

appeared to be  i nadeq uate i n tens i ty of s amp l i ng to cove r the var i a ti o n  

i n  sward we i gh t  o v e r  t h e  l arge a rea of  h e rb a g e  offered a t  the h i gh 

a l l owa n ce . H owe ver  the l ower s tandard  e rro rs a s s o c i ated wi th th e 

e s t i ma tes  of  h e rbage  i n ta k e  made for the mod e ra te and  l ow a l l ow a n ces  

i nc reases confi dence  i n  the  techn i q ue a s  a means  of  dete rmi n i n g  OM  

i n take  on  sma l l e r a reas  o f  p a s t u re . V a l ues  of  C . V .  for i n take  o f  

34% for each  o f  the  l ower a l l owances appear  t o  b e  a t  the l owe r e n d  

o f  the range o f  reported C . V. va l ues fo r es t i ma ti n g  i n take  by the  

' d i ffe rence ' me th o d . Wa l ters  a n d  Evans  ( 1 9 7 9 ) report that  C . V .  



v a l ues for e s t i mates o f  i n take  made by the  ' d i ffe ren ce ' me th od  

ran ge from 7 - 2 50% depen d i n g  on th e l evel  a n d  var i a b i l i ty o f  

p a s t u re y i e l d ,  the l eng th and  i n ten s i ty of  t h e  g ra z i ng  per i od , and  

th e n umb er and  s i ze o f  s a mp l e  u n i ts . Green  et  a l . ,  ( 1 9 5 2 ) noted  
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th at  the e rror vari a b i l i ty of e s ti mat i n g  i n ta ke  by the ' d i fference ' 

method may be mi n i mi s e d  i f  s amp l e  u n i ts take  the fo rm of l o ng na rrow 

s tri p s  c u t  to ground  l eve l . Th e q uadra ts i n  th i s  e xper i me n t  were 

60  cm x 30 cm  re cta ng l es , a n d  pos s i b l y  the e rror co u l d h ave b een  

fu rther  reduced by  us i n g a d i fferen t  s h aped q uadrat  coveri ng  th e 

eq u i va l en t  a rea . 

A fu rth er fac to r  tha t cou l d h ave i n fl uenced  th e e s ti ma tes o f  

i nt a ke c o u l d be  th rough th e i n comp l e te re covery of s amp l e d  herb age  

from q uadra t  a reas . Th i s  can  be  a ttri b uted to three fa cto rs : 

1 .  vJ i n d  

2 .  T h e  a cti on  of th e s heari ng  handp i ece  

3 .  Th e bota n i c a l  compos i t i on o f  th e s amp l ed h erba ge . 

Th e f i rs t needs l i t t l e exp l ana ti on . On s e ve ra l  occas i on s  

i t  w a s  noted  tha t  ma te r i a l  w a s  b l own from th e q uadrat  area a n d  n o t  

re covere d  d ue to h i gh w i n ds . Th e s hear i n g  h a n d p i ece caused  s ome 

prob l ems when samp l i n g the  res i d ua l  h erbage a t  th e l ow a l l owance . 

Th i s  h erb age was mo s t l y  s ho rt ,  s temmy ma te r i a l  a nd  te nded to be  

fl i cked o u ts i de th e q u adrat  a rea by  th e s hear i ng  h andp i ece . 

Longer  pas ture because  o f  i ts i n creased we i g h t  s a t  i ns i de the q u adra t  

wh en c u t .  

The p ros trate g rowi n g  hab i t of  the wh i te c l o ve r  p l a n ts appeared  

to cause  a further s amp l i ng prob l em .  The wh i te c l over s to l ons  p roved 

h a rd to  cut  both befo re and  after graz i n g  and  o n ce cut  ten ded to  be  

fl i cked  o u t s i de the q ua d ra t .  Wa l ters and  Evans  ( 1 9 79 ) no ted th a t  

l arger erro rs o ccured when us i ng the ' d i ffere nce ' method t o  es ti ma te 

i n ta ke  on p ros trate grow i n g  cocks foot  sward ( D a ctyl i s  gl omera ta 

va r .  Camb r i a ) when comp a red  to a mo re e rect  g row i ng  pas ture s pec i es . 

Th ere a re s ome d i ffe rences i n  the e s ti ma te s  o f  OM i n ta ke  made 

by us i ng the two mea n s  of meas ureme n t  o u tl i ned , ( i . e .  th e E l l i nb a n k  
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me ter and  th e c u tt i ng  and  d ry i ng  tech n i q ue ) . Th e re was  poor 

a g reeme n t  b e tween the two me thods  i n  dete rmi n i ng the OM y i e l d o f  

pa s t ure rema i n i n g after  g ra z i ng  ( see  Tab l e  3 . 2 ) . The reg res s i on 

coe ffi c i ents re l at i ng  the two methods fo r e s t i ma t i n g  OM y i e l ds a fter 

g r a z i n g  w i th i n each a l l owance were not s i gn i fi ca n t . There i s  

e v i dence  i n  the res u l ts o f  Nott i ngham ( 1978 ) th a t  the E l l i nbank  me ter 

o v e res ti mated OM d i s appearance  at th e h i gh e r  a l l owances . 

s e ve ra l  rea s ons  why th i s  p rob l em mi g h t  occ u r .  

There a re 

The pas tu re me te r does  n o t  take i n to a cco u n t  the  d i s tri b u ti on  

of  OM i n  t he  swa rd , as  i t  o n l y meas ures  the  he i g h t  o f  pas ture . 

Wh i l e  th i s  i s  adeq uate wh en  th e swa rd h as not  been  g razed , the 

h e rb a ge th a t  i s  l e ft afte r g ra z i ng  i s  u neven  i n  h e i g ht  and  i s  i n  

var i o us s tages  of defo l i a t i on depen d i n g  on  th e i n ten s i ty of gra z i n g .  

Th i s  may con tri b u te to the  l a ck  of agreemen t between th e me ter a n d  

c u tti ng  tech n i q ues  i n  es t i ma t i n g  pos t-gra zi ng  O M  y i e l ds . S ome 

o f  th e ungrazed  herbage w i l l  a l s o  h a ve been tramp l ed a nd  wh i l e  i ts 

OM y i e l d w i l l  not  h ave c hanged , i ts h e i gh t may h a ve changed 

s u ffi c i e n t l y to a l ter  the  me ter read i n g . I t  was e v i de n t  th at  th e 

me te r  p roduced unrea l i s t i c e s t i mates o f  OM i n ta k e  a t  the h i g her  

a l l owa nces a n d  for th i s  re a s on t he  c u tti n g  data was  pre ferred i n  

the  a n a l ys i s o f  the experi men t .  

Wh i l e  th ere was con s i de rab l e  var i ab i l i ty i n  th e day to day 

e s t i mates of i n ta k e , pa rt i c u l a r ly  at the h i gh a l l owa nce , accepta b l e 

e s t i mates of  h e rbage i n take  wo u l d s eem to be the  mean  e s t i ma te s  

ta ken  o ver  a n umbe r  of  g ra z i ng  peri ods ,  ( Oa v i s o n , 1 9 59 ) . The  mean 

e s ti ma tes  of h e rbage i n take  ( k g  OM cow- 1day - 1 ) we re u sed  as the re 

was  no  a ttemp t to rel a te h e rbage  cons umed to any part i c u l ar  sward 

cond i ti on on a s i ng l e  day . Th e vari a b i l i ty abo u t  the s e  e s ti ma tes 

makes i t  i mpos s i b l e  to c o n c l ude from the means  t hat  th e cows offered 
- 1 

the  h i gh a l l owance cons umed on  a ve rage  1 . 5 k g  OM  cow mo re th an  those  

o ffe red th e mo dera te a l l owance . I n  a dd i t i o� th e i nh e rent  vari ab i l i ty 

b e tween cows o f  the i r i n ta k e s  u nde r the s ame cond i t i ons  p rob a b l y  

mea n t  there was a cons i de rab l e  o verl a p  i n  i n tak e s  between th e cows 

o ffe red the h i gh and  mod e ra te a l l owan ces . B ut the i n crea sed  

l i vewe i gh t  a n d  b ody cond i t i on g a i n by  th e cows o ffe red the  h i gh 



a l l ow a n ce a t  s i mi l a r l eve l s  o f  m i l k  producti on  s ug g e s ts th a t  th e 

i n takes  we re on average greater  a t  the h i g her  a l l owa nce . 

Ve rnon  ( 1 9 79 ) exami ned the p l a sma concen tra t i ons  o f  non-
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e s ter i f i e d  fatty ac i ds ( NEFA ) a n d  g l ucose for cows i nvol ved i n  th i s  

expe ri me n t  on  the l as t  two days o f  the trea tmen t .  Cows offered the 

h i gh a l l owance had s i g n i fi c a n t l y  l ower l e ve l s o f  p l a sma N E FA th an  

tho s e  offe red the mode ra te a l l owance  ( P  < 0 . 0 1 )  a nd  th e l ow a l l owa nce 

( P  < 0 . 00 1 ) . They a l s o  h ad s i g n i f i cant ly  h i g her  l eve l s o f  p l asma 

g l ucose  ( P < 0 . 0 5 ) tha n e i the r  o f  the other  two groups  of  cows . 

I f  the p l asma concentrat i on s  o f  th ese  metabo l i tes refl ect  DM i n ta ke  

th en the s e  data s u gges t th a t  the cows offe red the  h i gh a l l owance 

we re con s umi ng  more h e rbage  than  the  cows o ffered the  moderate 

a l l owance . 

I t  i s  c l e a r  from both the i n take data ( and  the a n i ma l  

p rodu c t i o n  data ) th at  the c ows  o ffe red the l ow a l l owance h a d  th e i r 

i n takes  s i  g n i  fi cant ly  reduced  ( P < 0 . 0 1 ) . These  cows we re unab l e  

to c ompen s a te fo r th e reduced  h e rb age  a l l owance by i n creas i ng th e 

u ti l i z at i o n of h e rbage  offe red to an  extent  where i n take  was ma i n t� ned . 

Co u l d better  es ti mates of  DM i n take h ave been  obta i ned  us i ng 

o the r methods o f  e st i ma t i ng g ra z i n g  i n tak e ?  Both Wa l te rs a nd  Evans  

( 1979 ) , a n d  C l a rk and B rough am ( 1 9 7 9 )  fou n d  l i ttl e d i ffe rence b e tween 

the ch romi c o x i de d i l ut i on te ch n i q ues , and the p re and pos t- g ra z i ng  

' d i ffe re n ce ' te c h n i q ue , a l tho ugh the l a tte r tech n i q u e  be came 

i n crea s i n g l y  i nacc ura te as h e rbage  a l l owance i nc reas ed . The  

d rawba c k  w i th u s i ng the  ' d i ffe rence ' meth od  i n  th i s  exper i meri t was 

th at  i n d i v i d ua l  cow i n takes  cou l d not be  obta i ned . Th i s  wou l d  h a ve 

been  us efu l  fo r the p urposes  of  e xami n i ng pos s i b l e  d i ffe rences i n  

i n take  a n d  effi c i ency between cows o f  d i ffere n t  me r i t fo r mi l kfat 

p rod u c t i on  under s i mi l a r g r a z i n g  cond i ti ons . 

A fu rth e r  means  o f  exam i n i ng the re l i ab i l i ty o f  the e s t i ma tes 

of i n ta k e  i s  to exami ne the me tabo l i za b l e  ene rgy i ntakes  a ga i ns t  the 

c a l cu l ated  ene rgy req u i remen ts of the cow s . 

A n umber  o f  as s umpti o n s  a re req u i re d : 

1 .  Tha t  the ME va l u e  of  th e h e rbage  on o ffe r was 10 . 6  MJ ME 

kg DM- l ( s ee Cha p te r  3 . 1 . 6 ) . 
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Tab l e  4 . 1 Es ti mates o f  me tabol i za b l e energy i n p u t  and  expend i ture of  cows 

o ffe red th ree d i fferent h e rbage a i l owances 

E nergy I n ta ke  Energy E xpen� i ture MJME day- 1 

- 1  MJME cow day - 1  Mi l k  Product i on 

H e rbage  Al l owance 

H i gh 166 . 7  84 . 7  

Mode ra te 150 . 9  80 . 8  

Low 10 1 . 3  66 . 4  

* 
As s ume 1 .  N E  va l ue o f  1 k g  L i vewei gh t = 22 MJME . 

2 .  K ( ti s s ue l os s ) = 0 . 80 ( Van Es , 1 9 76 ) . 

Ma i n tenance  LW  Change 

48 . 2  28 . 0  

50 . 1  1 3 . 6  

50 . 8  - 5 . 3* 

Tota l 

160 . 9  

144 . 5  

1 1 1 . 9  

........ 0 "'-J 



2 .  Cow Ma i nte n a n ce Req u i rement = 0 . 6 2  MJME/ k g
0

· 75 ( F l att  

et  a l . ,  1 96 9 ) . 

3 .  Energy Req u i red to P ro duce 1 k g  F CM = 3 . 14 MJ ME 

( MAFF , 1 9 7 5 ) . x 1/ . 6 5  ( K l ) = 4 . 8  MJME k g F CM: 1 

4 .  Req u i reme n t  fo r L i vewe i g h t  Gai n = 40 MJ ME k gLWG: 1 

( A . W . F .  Oa vey , pers . comm . ) . 

K ga i n = 0 . 55 ,  k ( ti s s ue l o s s) = 0 . 80 ( van Es , 1 9 76 ) . 
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Mean  e s t i ma te s  of  t he  energy b a l ances  fo r cows i n  e ach  a l l owance 

are i n  Tab l e  4 . 1 .  

Wh i l e  recogn i s i n g s ome defi c i e nces i n  the  e s ti mates i n  Tab l e 

4 . 1 ,  i t  appears  th a t  the ene rgy i n take  a n d  ene rgy expen d i ture 

e s ti ma tes  corres pond  reasona b l y  we l l .  Th e d i ffe rence betv-1een  ene rgy 

i nput  and  o utput  e s ti mates i s  a t  a ma xi mum a t  the l ow a l l owance 

( 10 . 6  MJME ) and  th i s  i s  a pprox i ma te l y  equ i v a l e n t  to 1 k g  OM i n tak e . 

Wh i l e the l a ck  of  p rec i s i on of  the me th od fo r es t i ma t i n g  h e rbage  

i n take  i n  th i s  expe ri me n t  i s  re cogn i s ed , th e me an  es t i mates  of  

h e rbage i n ta ke  from th e 5 w e e k  pe r i o d  we re co n s i de red s a t i s fa ctory 

e s t i ma tes o f  apparent  h e rbJge  i n take  fo r the  p u rposes  o f  th i s  

e xperi men t .  

4 . 1 . 3  The Nature of  the Re l a t i on s h i p b e tween  

He rbage A l l owance  and  H e rbage I n take  

As  e xpected  i t  was  fo un d th a t  a s  da i l y h e rbage a l l owance 

i n creased  so d i d the  i n ta k e  o f  OM per  cow . The  data s ug ges t th a t  as  

h erba ge a l l owance  i nc reas ed the g a i n s i n  OM i n ta ke  became p rogres s i vely 

smal l e r .  The an a l ys i s  of the poo l ed h e rbage  a l l owance vers u s  

h erbage  i ntake  d a ta , ( Ch apte r  3 . 1 . 5 ) s h ows th a t  the  re l a t i o n s h i p  

between h e rbage  a l l owance  and  h erbage i n take  was  asymptot i c i n  n a t u re . 

Asymp toti c re l a t i  o n s h i  ps  between dai l y  OM i ntake and da i l y h e rbage  

a l l owance  h ave  been  repo rted by  Greenh a l gh e t  a l . ( 1966 , 1 9 6 7 ) and  

Combe l l as a n d  Hodgs on ( 1 9 79 ) fo r g ra zi ng da i ry cows , Tri g g  and  Ma r s h  

( 1979 ) for y o u n g  beef  ca ttl e a n d  Ra ttray a n d  Jagus ch ( 1 9 78 ) fo r s h eep . 

An asympto t i c rel a t i ons h i p b e tween  i n ta k e  and herbage a l l owance  

s ugges ts th at  th e re may be cons i de rab l e f l e xi b i l i ty i n  the l e vel  o f  
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fee d  offe red to th e grazi n g  cow . I n  s ome s i tuat i ons the re may be  

s cope for redu c i ng  the  amo u n t  of  h e rb a ge o ffered w i thout s i gn i fi can t l y  

red uc i n g  h e rb age  i n take  o r  mi l k  p rod u c t i on and  th i s  i s  ce rtai n l y  

s h own by the  re s u l ts of  th i s  e xp e ri men t .  

An asymptot i c rel a t i onsh i p  b e tween a l l owance  and i n take  a l s o 

i mp l i es th a t there may be an opt i mum h e rbage a l l owance ( k g  OM c ow- l  

or  g OM k g LW- 1 ) fo r a parti c u l a r  c l a s s  of s toc k , above wh i ch l i tt l e  

i s  ga i ned  i n  te rms o f  OM i n take  from offe ri ng i nc reased amo un ts of  

h e rbage ( G reenha  l gh  e t  a l . ,  1966 ) . Combe l l  as  a nd  Hodg son  ( 1 9 79 ) 

tentati v e l y  s ugges t th at a dai l y  h e rbage  a l l owance  o f  60g  OM per 

kg  LW a ppeared  to  be  a cr i ti ca l  a l l owa n ce be l ow wh i ch s ub s tan t i a l  

dec l i nes  i n  herbage  i n take  occur  fo r d a i ry cows , and they compare 

th i s  fi g u re vJ i th s i mi l a r  res u l ts p u b l i s hed fo r l a mbs and  c a l ves . 

I t  may not  b e  w i s e  to a s s ume tha t da i l y  h erbage  a l l owance  

a l one w i l l  b e  the  on ly  fa ctor affe ct i n g  the  vo l u n tary i n take  of  

gra z i ng a n i ma l s .  Oth e r  sward cha rac te ri s t i cs  of  tropi c a l  a n d  

tempera te pa s t ures  h a ve been s h own t o  i n fl uence h erb age i n take  a part 

from h e rb age  a l l owance . Th e se  a re the  l ea f : s tem ra ti o a n d  the 

h or i zonta l and ve rt i ca l  d i s t ri b u ti o n  o f  l eaf  and  s tem ( S tobbs  and  

H u tton , 1 9 7 4 ) , l e a f  l e ngth and  the p roport i on  of green ma teri a l  to  

dead ma te r i a l  ( Arno l d and  Dud z i n s k i , 196 7a , 1 9 6 7b ; Al l den  and  

\�h i take r , 1 9 70 ; H o dg son et  a l . ,  1 9 7 7 ) , p l a n t  de n s i ty ( Al l den  and  

Wh i take r , 19 70 ; Arnol d ,  1 96 3 ;  Arn o l d and  Dudz i n s k i , 1 9 69 ) , and  

h erbage  mas s ( Comb e l l as and  Hodg son , 1 9 79 ) , ( s ee s ecti on  1 . 2 . 2 . 3 ) . 

T h e re s eems to be i ncreas i ng ev i de n ce to s u pport the  conten ti o n  

th at p a s  t u  r e  chara c ter i s t i cs o t h e r  than  h e rb age  a 1 1  owan ce � � 
i n fl ue n ce h e rb age i n take  and a n i ma l  p e rfo rman ce ( e . g .  Comb e l l as and  

Hodgson , 1 9 7 9 ; S tobbs , 19 7 7 ) . T h i s  may detra c t  from the u s e fu l nes s 

o f  defi n i n g the re l at i on s h i p b e tween  h erb age  a l l owance a n d  a n i ma l  

perfo rmance u n de r  pa rt i c u l ar  cond i t i on s , i n  o rde r to a pp l y  th em 

a cros s  a range  o f  p as t ure types . 

S ome o f  the reported exper i me n ta l  re l a t i on s h i ps  b e tween  h e rbage  

a l l owance  a nd  h erb age OM i ntake  o f  d a i ry cows a re g rap hed  i n  F i g ure 

4 . 1  a l o n g  w i th  th e res u l ts from th i s  experi men t .  Some a s s umpt i ons  



F i g .  4 . 1  S ome re l at i ons  b e tween  h e rbage  a l l owance a n d  
h e rb a ge i n take wi th da i ry cm"s 

() 
l - .ir�. 

( ' ,_) e 11 � 

A 
[] (] [] 

� IJ L::, 

0 

KEY 

[] Greenha l gh  et  a l . ( 1 9 66 )  

0 � Greenha l gh e t  a l . ( 1 96 7 ) 

/\ (. _ _:, 

0 Combe l l as a n d  Hodgs on ( 1 9 75 ) 
Combe l l a s and  Hodg son  ( 19 79 ) 

6 B ry a n t  and  Cook ( 1 9 7 7 ) 

A Gra i nger  e t  a l . ( 1 9 7 8 ) 

0 H o l mes  ( 1 980 ) 

G l a s s ey ( 1980 ) 

L-------�--------_L--------�------�--------�-------- 1 
0 10 20 30 40 50 6 0  

A OWANCE  ( k g  OM Cow
- l

day - 1 ) H ERBAG E LL  

1 10 



we re req u i red i n  o rd e r  to p l o t  these  re l at i o n s h i p s  w i th the s ame 

un i ts , ( k g  OM cow- 1d ay - 1 ) . These  a s s ump ti on we re : 

- 1 1 .  Th at  1 500  k g  OM h a . was  pres e n t  be l ow the hei gh t o f  

1 1 1  

s ampl i ng ( 5  cm) i n  the  expe ri ments by Gre en h a l g h  et a l . ( 1 966 ) a n d  

G reenha l gh ( 19 70 ) . 

2 .  Th at  a l l h e rb ag e  had  an  a s h  conte n t  o f  10% fo r converti n g  

fi g ures  expres sed  a s  o rgan i c  matter t o  OM . 

3 .  T hat  the  c ows u sed  i n  the e xper i me n t  by Combe l l a s  and  

Hodgson  ( 1 9 79 )  we i gh e d  500 kg . 

The rel a t i ons h i p  ap pea rs to be  c u rvi l i n ear , wi th ve ry l i tt l e 

i n creas e  i n  herbage  i n take  per cow as  herb age a l l owance was  i n c reas ed  
- 1 from 30 k g  OM cow . Th e us e o f  non - l a c tat i n g  p regna n t  cows by 

Ho l mes ( 1 980 )  does n o t  appear  to a ffec t  the re l a t i onsh i p  at the l owe r 

h e rbage  a l l owances . L a c ta ti ng  cows offered l ow he rbage a l l owa nces  

a ppear to cons ume s i mi l a r  q ua n ti t i es  o f  h e rbage  a s  dry cows offe red 

the s ame h e rbage a l l owances . 

The data i n  F i g u re 4 . 1  s h ow that  h e rb a ge i n take i s  not  

a l ways s i mi l a r when  the s ame h e rb a ge a l l owa nce  i s  offe re d b e c a us e the 

e xperi me n ta l  pas tures  h a d  d i ffer i n g  c hara c ter i s t i cs .  The  h e rbage  

i n takes  reported by  B ry a n t  and  Cook  ( 19 7 7 ) a re not i cea b l y  l ower th an  

other  es ti mates  o f  h e rbage  i n ta ke . Des p i te s uch  va ri at i on ex i s t i n g  

b etween  experi men ts th e s e  data re i n fo rce s ome o f  th e conc l us i on s  

made from i n d i vi d u a l  e xper i ments , name l y  th at  l i tt l e ex tra i n take i s  

a c h i eved from offe r i ng  d a i ry cows h e rbage i n  excess  of a p proxi ma te l y  

tw i ce the i r i n take  req u i rement  ( Combe l l as and  Hodgson , 19 79 ) , and  

that  there i s  a s teady i n c rease  i n  i n ta ke  o f  a p p rox i ma te l y  0 . 3  k g  

OM p e r  e xtra k g  OM o ffe re d  up  to a h e rb a ge a l l owance of 3 5 k g  OM cow- l 

( S teh r and  Ki rch gnes s e r , 19 76 ) . 

Defi n i n g  the q ua n t i ta ti ve re l a ti on s h i p  b e tween herbage  offe red 

and  h e rbage i n ta k e  i s  i mportant  i n  e xami n i n g th e pas ture req u i reme n ts 

o f  da i ry cows . The  res u l ts o f  th i s  expe r i me n t  are cons i s te n t  w i th 

th ose  of  other  s i mi l a r e xperi men ts a n d  prov i de  s ome i n fo rma t i on  

towa rds defi n i n g the  p a s tu re req u i reme n ts o f  d a i ry cows i n  ear ly  

l ac ta ti on  ( F i g ure 4 . 1 ) . Howe ver a g rea ter u n de rs tand i n g o f  the  
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characteri s ti c s  o f  h e rb age  that  i n fl uen ce h e rbage  i n take other  than  

the  q ua nt i ty o ffe red wi l l  be  req u i red to ma k e  i n fo rmati on o b ta i ned  

from herbage  a l l owan ce s tu d i e s  more mea n i n g fu l . To extrapo l a te 

the p re s e n t  re s u l ts to pa s tures th a t  were n o t  o f  s i mi l a r botan i c a l  

compos i t i on o r  h ad e x treme l y  d i ffe re n t  h e rb age  y i e l ds wou l d b e  

unwi se  un l es s  there w a s  a greate r  u n de rs tan d i ng o f  the l i k e l y  

i n fl uence of  the d i fferen t  pas ture ch a ra c te ri s t i c s  ( extri n s i c  o r  

i n tri n s i c ) o n  pa s ture OM i n take  a n d  a n i ma l  perfo rmance . 

,� 4 . 1 . 4  The Res i d ua l  Herbage Y i e l ds 

� As h e rb age  a l l owance  i n c rea s e d , the p roport i o n  o f  th e h e rb a g¥ 
�
��d ut i l i zed  at  each graz i n g  de c reas e �  ( F i g u re 3 . 2  a nd  Cha p te r  

3 . 1 . 2 ) . Cows o ffe re d h e rbage a l l owances  o f  grea te r  tha n  33  k g  OM 

cow
- l 

were cons umi n g  on a verage l e s s  th an  40% of the herbage  on o ffe r 

to them . The e ffec ts o f  th e th ree h e rb a ge a l l owances on  th e y i e l d 

o f  res i d ua l  h e rb age a re i l l u s trated i n  the photog raphs o n  

p a ge 1 1 3 .  Cows o ffered th e l owes t a l l ovJance  gra zed very c l os e to 

the ground ( mean  res i du a l  y i e l d  750  k g  OM h a : 1 ) ( P l a te A ) . The 

res i dua l  

( 1 5 5 0  kg  

a reas  of 

h erbage  rema i n i ng a fte r g ra z i ng  at the mode ra te a l l owance  
- 1  

OM h a .  ) conta i ned  a fa r greate r  amo u n t  o f  l ea f  and  l a rg e r  

pas t u re l eft  u n g ra zed a ro u n d  d ung  pa tch es  ( P l ate G ) . 
Th i s  effe c t  was  e xtended furth e r  when cows  were o ffe red the h i ghes t 

a l l owa nce , w i th the  photo s h owi ng  l o n ge r  c l umps of  ungra zed  p a s t u re 

( mean res i du a l  y i e l d = 1 850 k g  OM ha � 1 ) . ( P l a te C ) . 

Oth er  re s e a rchers h a ve noted s i mi l a r  effe c ts from i n c rea s i n g 

h erbage  a l l owance  on  res i d ua l  h e rb a ge y i e l d s . Greenha l gh e t  a l . 

( 1966 ) n oted t h a t  the mos t  obv i ous  d i ffe re n ce i n  pas tures th a t  had  

been  gra zed  by c ows o ffe red d i ffe re n t  h e rbage  a l l owances was  i n  the  

h e i ght  o f  the  pos t- g ra z i ng  s tubb l e .  Few res earchers  h a ve c on s i de red 

the l onger  term e ffects of  the l evel s of  res i d ua l  h e rbage a c h i eved  

a fter one g ra z i ng  on  the u ti l i zat i on  of  h e rbage at  the  fo l l owi n g  

g ra z i ng . G i b b  a n d  Treacher  ( 19 76 ) fe l t  t h at  h e rbage  a l l owa n ces  

wh i ch res u l ted i n  l e s s  than  40%  of  the h e rbage o ffered be i n g  cons umed 

mi g h t  be  i mpract i c a l  from a pas t u re ma nagement  po i n t  of v i ew .  



P l a te A .  

P l a te B .  

Res i d ua l h e rba ge yi e l d ,  Low a l l owance , 

860 k g  OM h a � 1 ( Mean 750  k g OM h a : l ) 

1 1 3  

Res i dua l h erbage  y i e l d ,  Modera te a l l owance J 
1 350 k g  OM h a � 1 ( Mean 1 550 k g  OM h a : l ) 



P l a te C .  R e s i d u a l h e r b a g e  y i e l d ,  H i gh a l l ow a n ce , 
1 6 70 k g  OM h a � 1  ( Me a n  1850 k g  OM h a � l ) 

1 14 
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Gree n h a l gh ( 19 70 )  c ondu c te d  the  o n l y  exper i men t i n  wh i ch 

d i ffe re n t  he rbage  a l l owances h a ve been app l i ed i n  th e l on g  term a n d  

me a s u remen ts o f  h e rb a ge cons ume d and  herbage  g rown were ma de . Th ree 

h erb age a l l owances were o ffered to da i ry cows th roughout an  e n t i re 

g raz i ng  s ea son . The  l owes t h e rb age a l l owance o ffe red th rougho u t  

the g raz i n g  s ea son  re s u l ted  i n  the h i ghes t mi l k  p rod uct i on p e r  h a . 

a nd  d i d  n o t  s i gn i f i c a n t l y  re duce  i n take  pe r cow . At  th e h i ghes t 

h e rbage  a l l owa n ce th e re was s l i gh t l y  i n c reas ed p roducti on  per  cow , 

b u t  Green h a l gh mea s u red  a de teri ora t i on i n  the  n u tri ti ve v a l ue o f  the  

sward as  th e graz i n g  s ea s on p rogre s s e d  and  a dec l i ne i n  the  amo u n t  

o f  h e rbage  g rown . H i gh e r  y i e l ds of  res i d ua l  h e rbage rema i n i n g a fter  

graz i n g a t  t he  h i ghes t a l l owance d i d not  p rov i de  an advan tage i n  

pas ture g row th rate o r  i n  the ma i n tenance  o f  swa rd n u tri ti ve va l ue . 

I t  i s  beyond  the  s cope of  t h i s d i s c u s s i on to commen t  on th e 

e ffec ts o f  i n te n s -i ty o f  defol i a t i on on sward c haracteri s t i cs . 

Len i e nt  defo l i a t i on  h as been s hown to l ea d  to fas te r reg row th o f  

pas t u re , th an mo re s e ve re de fo l i a t i on ( B rougham , 1 9 56 , 1 9 60 ) , b u t  

Campb e l l ( 1 966 )  s h owed  there v.1 as  i n c rea s e d  l os s  o f  herb a ge m1 i n  the  

swa rd thro ugh s e n e s cence  and decay a s  a res u l t o f  l en i e n t  gra z i ng  

Ta i n to n  ( 1 974 ) mea s u re d  l o s s e s  due to  decay amo unt i ng to  25%  o f  th e 

g ros s p ro d u ct i on i n  pas tures l a x ly  grazed  i n  th e s p ri n g  a nd  e a r l y  

s ummer b y  s h eep . Ma tth ews ( 1 979 ) s ugges ts  th a t  l e n i en t g ra z i n g , the  

nature of  wh i ch was  i l l u s t ra ted by th e res i d ua l y i e l ds l e f t  b eh i nd 

when cows  we re o ffe red th e h i ghe s t  a l l owance i n  th i s  experi me n t , may 

i n  fact  prov i de n o  added  grow th advan tage o ve r  more i n tens i ve l y  

gra zed pas t u res . Addi t i ona l l y  he fe l t th a t  l en i e nt  graz i n g  i s  

l i k e l y  to ca u s e a p a s t u re q ua l i ty de te r i o ra t i o n at  future s p ri n g  

g ra z i n g s . Len i e n t  g ra z i ng  t o  mee t cow req u i reme n ts i n  e a rl y s pr i n g  

may not  ena b l e fa rmers t o  e ffi c i en t l y  u t i l i ze th e pas t u re D�1 th a t  i s  

grown , a nd  may n o t  enab l e  th e g rowth o f  h i gh q ua l i ty p a s t u re th ro u g h ­

o u t  t h e  s p r i n g  a n d  e ar ly  s umme r .  H o c k i n g s  ( 19 79 )  poi n ts o u t  t h a t  a 

great  danger  i n  e n s u r i n g  u n res tr i c ted  feed i ng i n  earl y l actat i o n , 

( h i gh h erbage a l l owances ) , i s  th a t  the overa l l s tocki n g  ra te w i l l  b e  

too l ow t o  take  advan tage o f  the feed a va i l ab l e  l a ter i n  th e s p ri n g .  

The se  c l a i ms h ave  yet  to  be  backed  up  by graz i ng expe r i men ts . 
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Wh i l e e xp e ri menta l ev i dence  o n  the l os s e s  i n  p a s tu re d ry 

ma tte r due  to  decay , a n d  l os s es  i n  pa s t u re q ua l i ty a s  a res u l t of  

l en i e n t  g ra z i n g  o f  da i ry cows i n  ear ly  s p ri ng i s  l ac k i n g , i t  i s  

a p pare n t  tha t  s uc h  p roce s s es a re l i ke l y  to occur  i n  s p ri ng  pa s tures . 

The  q u e s t i o n  remai n s  a s  to wh a t  h a ppens  to the mi l k  y i e l d o f  cows 

when th ey a re res t ri cte d i n  ea r l y  l ac ta ti o n  i n  o rde r to i mp rove  

pa sture man a gemen t ,  and  can  th i s  p a s ture  manageme n t  b e  a c h i e ve d  

w i th o u t  red u c i n g  i n ta k e  p e r  cow a n d  mi l k  p ro d u c t i o n ? 

The re h a s  been  s ome i n te re s t  i n  th e y i e l d o f  res i dua l  h e rbage  

rema i n i n g a fte r g raz i n g  a s  a means  of  determi n i n g  th e l eve l  of  i n ta k e  

o f  g ra z i ng  l i ve s tock . Tay l e r  ( 19 66 ) s howed  th a t  th e h e rb a g e  i n take 

o f  c a t tl e dec l i ne d  when the he i gh t  o f  s tubb l e rema i n i ng o n  g ra zed 

a reas  fe l l  b e l ow 9 . 7  cm , and th e re h a ve been a n umbe r of e s ti ma tes 

made to determi ne th e cr i ti ca l  y i e l d of res i d ua l  h erbage b e l ovJ v1h i ch 

h erba g e  i n ta k e  o r  a n i ma l  perfo rma n ce wi l l  de c l i ne ( B a k e r , 1 9 76 ) . 

Nott i n gham ( 19 7 8 )  fo und  th at  i n take , cond i ti on s c o re a n d  l i v ewe i gh t  
changes  were s i gn i f i c ant ly  c o r re l a te d  t o  t h e  l e v e l  o f  res i d u a l  
h e rb a ge a nd  s ug ge s ted  th at res i d u a l h e rb a ge mi gh t be a mo re u s e fu l  

means  o f  a s s es s i n g da i ry cow req u i reme n ts than  h e rbage a l l owance  

b e c a u s e  i t  d i d not  req u i re the  a re a  be i n g  g ra ze d  to  be  k nown . 

H o l me s  ( 19 80 ) , eva l u at i n g  data from th ree experi men ts , ( i n c l ud i n g  t h e  
d a ta a n a l y s e d  by  Notti ngham ( 19 7 8 ) ) ,  a l s o  no ted tha t i n take  i n c re a s e d  
w i th res i d u a l  h e rbage y i e l d  s o  t hat  i n ta k e  c o u l d be predi cted  from 

o bs e rvat i o n s  o f  the  i n tens i ty of g ra z i ng  each  day . B u t th e i n takes  

o bta i ned  at  a p a rt i c u l ar  res i d u a l  h e rba g e  y i e l d  we r e  d i ffe ren t  i n  

e ach  expe ri me n t  ( s ee F i g u res  1 . 2  a n d  1 . 3 ) . Leve l s of res i du a l  

h e rb a g e  y i e l d we re a l te red accord i n g  t o  the p re - g ra z i n g  h e rb a g e  

y i e l d s , a nd  wh i l e  h e rb a ge i n ta k e  was  n o t  a l tere d  by offe r i n g  th e 

s ame he rb a g e  a l l owance  on  pa s ture s  o f  d i ffe ri n g  y i e l d ,  p o s t - g ra z i ng  

res i dua l  y i e l d change d .  Th e s ame doub t th a t  he rb a ge a l l owance 

expre s s ed a s  k g  OM c ow- l adeq uate l y  des cr i b e  a l l the c h a ra c ter i s ti c s  

of  a pas t u re th a t  i n fl uence h e rb a g e  i n take , mus t app ly  a l s o  to 

res i dua l h erbage  yi e l d expres s ed as kg OM h a � 1 There i s  i ncreas i ng 

e v i dence t h a t  the  s pat i a l  d i s tri b ut i on  o f  ti l l ers wi th i n  a swa rd i n  

te rms of  dens i ty ,  l ength  and  h e i gh t  can , i n  s ome c i rcums tances , b e  a 

more i mp o rtant  i n fl uence  on  i n ta ke than  th e amo u n t  of  h e rb a g e  p re s e n t  
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p e r  un i t  a rea ( B aker , 19 76 ; L e  D u  e t  a l . ,  1 9 76 ) . 

The  res i du a l  y i e l ds o f  h e rbage  ob ta i ned from th i s  e xper i ment  

were not  a n a l y s e d  fo r a ny poss i b l e  rel a t i ons h i p w i th herb age  i n take  

becaus e of  th e l a rge amo u n t  of v ar i a ti o n  i n  the  re l at i on s h i p .  Th i s  

va r i a t i o n  was  p a rt i c u l a r l y  ev i de n t  a t  the  h i gh l eve l s  of res i du a l  

h erbage y i e l d .  Undoub tedl y  s ome of  th i s  var i a t i o n  cou l d be  a t tri b u ted  

to  the  v a ri a t i on i n  t he  h e rbage y i e l ds of  th e pas t u res u s e d  i n  the 

e xper i me n t ,  be fore they we re g ra zed ( s ee Tab l e 2 . 2 ) . H o l mes ( 19 78 ) 
s pecu l a te d  tha t a ttemp t i n g  to dete rmi n e  th e c r i t i ca l  wei g h t  o r  

h e i g ht  o f  pas t u re be l ow wh i ch i n ta k e  dec l i nes wi l l  depend  upon  

whether or  not  the  pas t ure rema i n i ng at  any part i c u l ar  s tage  o f  

graz i ng  con tai n s  a l o t of  l eaf  l e ft  u n g ra zed  o r  ma ter i a l  th a t  i s  

l a rge l y  s tem . He contends  i t  i s  p rob ab l e  th a t  the an i ma l  wo u l d be  

p repare d  to graze  l ower on ma ter i a l  th at  i s  l ea fi er  c l o s e  to  th e 

g round  than  s temmy c l o se  to th e g ro u n d . On the s ame b as i s  

Ma tthews ( 1 9 79 ) contends  th a t  cows offered s h o rte r l eaf i e r  pas tures 

may be ab l e  to ma i n ta i n i n take  wh i l e  g raz i ng  to l ow y i e l ds of 

h erb age  d ry ma tte r . Howe ver th e re i s  l i tt l e experi men ta l  e v i dence 

to s upport  th i s  con te nt i on . 

T here i s  a not i ceab l e  d i fference  i n  the y i e l ds o f  res i d ua l  

he rb age  reported  by  B ry a n t  and  Cook  ( 1 9 7 7 ) a n d  thos e fo u n d  ·i n th i s  

exper i men t  des p i te s i mi l a r  h e rb age a l l owances . The da ta from th e 

two e x pe ri men ts are  compared i n  F i g u re 4 . 2 .  At any h e rb age  a l l owance 

th ere we re cons i de ra b l y  g reate r  q uant i t i e s  o f  res i dua l  h e rbage  

meas u re d  to  g round  l eve l on the pas t u res a t  Ruak ura comp a red w i th the  

pa s t ures  at  Ma s s ey U n i vers i ty .  Th i s  s eems to re fl ect  the  d i ffe re nce  

i n  pas t u re compos t i on b e tween th e two res e a rch cen tres . R uak u ra 

pas t u res cont a i n  p a s pa l um s pec i es i n  addi t i on to ryegra s s  and  wh i te 

c l over , a nd  th i s  i s  a pos s i b l e  fac to r ca u s i ng d i fferences  i n  th e 

l eve l s of  re s i dua l h e rbage a fte r the  s ame graz i ng  i n tens i ty ha s  been  

app l i ed .  The  Ruak u ra pas t u re s  a l s o  had  a h i gh e r  OM y i e l d befo re 

gra z i n g  ( 3 10 0  c . f .  2 700 k g  OM h a� 1 ) wh i ch may account  for s ome o f  th e 

d i ffe ren ce b e tween  the res i du a l  h e rbage y i e l ds . The c ompa ri s on 

a ppea rs to s up port  the con te nt i on that  a n  e s t i ma te o f  OM y i e l d  per  h a .  

i s  i n adequate i n  i ts e l f a s  a des cr i p t i on o f  the ' ava i l ab i l i ty '  o f  
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h e rb a ge to the grazi n g  an i ma l . At Ruak u ra i t  s eems th a t  cows were 

u n ab l e to g ra ze to l eve l s  of DM y i e l d as l ow a s  the cows at Mas s ey 

U n i vers i ty and  th i s  may e xp l a i n the l ower i n take  f i g u res ob ta i ned  

at  Ruak u ra fo r a g i ven h erb age a l l owance . 

4 .  1 .  5 H e rb age Al l ov-1 a n ce a n d  th e Qua l i ty o f  S e l e c te d  H e rb age 

T h e  re l a t i o n s h i p b e twee n h e rba ge a l l ow a n ce a n d  a n i ma l  

p e rfo rma nce may b e  a funct i o n  o f  t h e  q ua l i ty o f  t h e  h e rb a ge s e l ected  

by th e a n i ma l  a s  we l l  a s  the q u a n t i ty on offe r ( H o d gs on , 1 9 7 7 ) . 

The e s ti mated c rude p ro te i n  content  of  th e d i e t  s e l e cted by cows 

was s i gn i fi c a n t l y  g re a te r  fo r th e cows o f fe re d  t h e  h i gh a l l ow a n c e  

th a n  fo r t h e  c ows o f f e r e d  th e l ov-1 a l l owance , ( P <  0 . 0 1 ) ( Ta b l e  3 . 7 ) . 

Th i s  s u g g e s ts t h a t  a s  h e rb a g e  a l l ow a n c e  i n c re a s e d t h e re wa s g rea te r 

o ppo rtun i ty f o r  th e cows to s e l e c t  h e rb a ge o f  a h i g h e r c ru d e  p ro te i n 

con ten t .  Add i ti ona l l y  the  c rude p rote i n content  o f  th e res i d u a l  

h e rb a g e  d e c re a s e d  a s  t h e  h e rb a g e  a l l ow a n c e  d e c re a s e d .  As h e rb a g e  

a l l ow a n c e  d e c re a s e d cows w e re f o r c e d  t o  g ra z e  ma te r i al o f  a l ow e r  

c ru d e  p ro te i n co n ten t ,  a s  t h ey g ra z ed c l o s e r  to  t h e  g r o u n d . 

The mea n e s ti ma te o f  the  N% o f  th e to ta l DM  o f fe re d w a s  

3 . 12% a n d  th i s  a p pe a rs t o  b e  a ty p i ca l  va l ue f o r  temp e rate p a s t ure 

s p e c i es  i n  t h e  s p ri n g  ( Ly t t l e to n , 1 9 7 3 ) . T h e  e s t i mates o f  th e N% 

o f  t h e  DM c o n s un� d a t  e a c h  a l l ow a n c e  we re 3 . 5 , 3 . 9  a n d  4 . 3% fo r t h e  

l ow ,  mo d e ra te a n d  h i gh a l l owa n c e s  res pec t i ve l y . T h e s e  va l u e s  a re 

h i gh e r  t h a n  t h e  N% o f  the  tota l  DM o ffe re d , a n d  may re f l e c t  t h e  c ow ' s  

p r e fe re n c e  f o r  ma te r i a l o f  h i gh N content . P a s t u r e  l e a f  b l a de 

ge ne ra l l y  co n ta i n s mo re p ro te i n  th a n  t h e  l e a f  s h e a th o r  s tem 

( L a re do a nd Mi ns on , 1 9 7 3 )  a n d  the trend  towa rds h i g h e r  N contents o f  

th e h erb age  cons umed i s  pe rh a ps a res u l t o f  more l ea f  th an s tem 

b e i n g  cons umed as  h e rb age  a l l owance  i n c re a s e d  ( S tobbs , 1 9 77 ) . 

Th e re were no s i g n i fi c a n t  d i ffe rences  i n  the a c i d  dete rge n t  fi b re 

concentra ti ons of  the h e rb age  cons umed o r  th e he rb a g e  rema i n i n g  

a fte r graz i n g  amongs t t h e  th ree a l l owances . T h e  e s ti ma tes of  the 

ADF content  o f  the h e rb ag e  cons umed i n di c a ted  th a t  cows g ra zed he rb a g e  

o f  a l ower  fi b re con tent  t h a n  th e total  h e rb a g e  on  o ffer , i rres pe c ti ve 

of th e a l l owance offe re d . 



Van  der K l ey ( 1 956 ) meas ured a decreas e i n  the  crude p ro te i n 

c o n tent  o f  th e d i et  o f  cows as they we re req u i red to graze from 

OM y i e l d s  of 2 880 kg h a � 1 to 6 70 k g  h a� 1 ove r a per i od of s e vera l  

1 20 

d ays . I n  the s ame e xp e ri ment h e  meas u red a n  i n c rease i n  th e fi b re 

c o n tent  o f  the  h e rb age  cons umed a s  cows g ra zed l ower  i n to the 

swa rd . E l dr i dge ( 1 9 7 3 )  n o ted  a dec l i ne i n  the  p ro te i n con ten t o f  

the  he rba ge s e l e c ted by l a c tat i ng  d a i ry cows fo r each  day they s pe n t  

g raz i ng a p art i c u l ar  pas tu re . The dec l i ne i n  prote i n c o n t e n t  o f  

the d i e t  was a s s o c i a ted w i th a d rop  i n  a l l components o f  m i l k  

p roduct i on  over  the s ame pe ri od . S tobbs  ( 19 7 7 ) a l s o  meas u red  a 

h i g her  N con ten t ( P  < 0 . 0 1 )  o f  the h e rb age s e l e cted by cows gra z i ng  

at  h i gh ra ther  th an  l ow he rbage a l l owa nces  o n  t ro p i ca l  pas tures . 

T h i s  was a res u l t o f  i n c rea sed  s e l e c ti on  fo r l ea f  ra ther  than s tem 

a s  a l l owance i n creas ed . 

Wh i l e  th e data from th i s  p res ent  expe r i me n t  confi rm th a t  th e 

re l at i on s h i p  b e tween herb age  a l l owa nce a nd  a n i ma l  pe rfo rma n ce i n c l udes  

a q ua l i ty factor  a s  we l l a s  a q uan ti ty fa c to r ,  t h e  s i g n i f i c a n ce o f  

the a b i l i ty o f  cows to s e l e ct d i ets h i g her  i n  crude  p ro te i n pe rce n tage 

as  h e rb age a l l ow a n ce i n crea s es i s  u n c l e ar . We do not  k n ow wheth e r  

the cows a re i n  fa ct  s e l ect i ng fo r h e rb age  w i th h i gher  l e v e l s o f  N ,  
o r  wheth e r  th i s  i s  j us t  c o i nc i denta l  w i th s e l e c t i o n  fo r o th e r  

c h a racteri s t i c s . I t  i s  a l s o  u nc l e a r  wheth e r  s e l e c t i on o f  herb a ge o f  

a h i gh e r  N c o n t e n t  p r o v i des cows w i th any great  a dvantage o ve r  eat i ng  

the  same amount  o f  h e rb age  o f  a l ower N conte n t . Mac Rae ( 1 9 76 ) 

s u gges ts fo r rumi nan ts cons umi ng  l a rge  q u a n t i t i e s  o f  fre s h  pas ture i n  

w h i c h  th e protei n i s  h i gh l y  s o l ub l e ,  th a t  the  exten t of de g ra dat i o n  

o f  s ol u b l e prote i n to ami n o  ac i ds a n d  ammo n i a i n  t h e  rumen i s  l i k e l y  

t o  e xceed th e capac i ty o f  rumen mi c rob l es t o  ut i l i s e th es e me tabo l i tes  

fo r mi crob i a l  p ro te i n product i o n . A s  a res u l t l a rge amo u n ts of  

e xcess  ammo n i a w i l l  t hen  b e  abs o rbed  and  excre ted  a s  urea  i n  the 

u r i ne . Th i s  c o u l d we l l be  the fate o f  t he  e xtra N cons umed  by the  

c ows o ffe red the  h i ghes t a l l owance . 

Seve ra l res earchers h ave e xami ned  the  e ffe cts  of h e rb age 

a l l owance  on th e o rga n i c ma tte r d i ges ti b i l i ty of  the  herbage  s e l ected  

by graz i ng  dai ry cows . G reenh a l gh  e t  a l . ( 1966 ) e s t ima te d  th e 



d i g e s t i b i l i ty o f  orga n i c ma tter s e l e c ted  a t  d i ffe rent  herbage  

a l l owances  from the  concen tra ti o n  of  N i n  the  faece s  o f  each  cow . 

I n c rea s e s  i n  h e rbage  a l l owance  res u l ted i n  a n  i nc rease  i n  the 

d i ges ti b i l i ty of org a n i c ma tter from 7 5 . 0  to 7 5 . 7% .  \�h i l e  th i s  

was s ta ti s t i c a l l y  s i g n i f i c a n t  the a u thors fe l t th i s  had l i ttl e 

n utr i ti o na l  s i g n i fi c a n c e . S tobbs  ( 19 7 7 )  mea s u re d  the 

d i g e s ti b i l i ty of th e h erbage  s e l e cted a t  d i ffere n t  a l l owa nces  o f  

tro p i ca l  pas ture u s i ng cows fi s tu l a ted  a t  th e oes o phag u s . O rgan i c 

matter d i ges ti b i l i ty o f  h e rbage  i n crea s e d  f rom 6 3 . 5% a t  a da i l y  

a l l owa nce  o f  1 5  k g  OM cow- l to 6 6 . 8% a t  a da i l y a l l owa nce of  

5 5  kg OM  cow- l Combe l l as and Hod g s o n  ( 1 9 7 9 )  a l s o  mea s u red  a 

s i g n i f i cant  

the herbage 

30  to 90g OM 

cha nge  b e i ng 

i nc rease  i n  

s e l e cted by 

kg L\•1 - 1  

from 79 . 2% 

the organ i c matter d i  g e s  ti  b i  l i ty o f  

cows  a s  da i l y a l l owance  i n c reased from 

The ex tent of th i s  c h a n g e  1t1 a s  sma l l ,  t h e  
to 80 . 3% as  a l l owance  i n c rea sed . 

The i n  v i tro e s  ti  ma tes of o rgan i c matter  d i  g e s  ti b i  1 i ty of  

the  he rbage i n  th i s  e x p e r i men t ,  ( s ee Tab l e  3 . 8 ) , \ve re app l i e d 

to a n  eq ua ti on des i g ned  to ca l c u l a te the OM d i ges t i b i l i ty o f  

1 2 1  

herbage  cons umed from e s t i ma tes o f  OOM before a nd  a f te r g ra z i ng 

( Wa l ters and Evans , 1 9 7 9 ) . Rea l i s ti c e s ti ma tes o f  th e orga n i c 

ma tter d i g e s t i b i l i ty o f  the  d i e t  s e l e c ted by cows we re not  o b tai n e d , 
cas t i ng s ome doub t  o n  the  rea l i a b i l i ty of  th e � v i tro es ti ma tes o f  

d i  g e s  ti b i  1 i ty .  Howeve r ,  i f  the trends i n  o rga n i c matter 

d i g e s ti b i l i ty re f l e c te d  i n  Tab l e 3 . 8 a re correct  they s ugge s t th a t  

a s  h erba g e  a l l owance d e c rea sed , cows were forced  to cons ume 

h erbage of l ower d i g e s t i b i l i ty as  they g ra ze d  to l ower l eve l s of  

res i dua l h erba g e  y i e l d but  the re a re i ns u ff i c i e n t  da ta to  be ab l e 

to d raw fi rm conc l u s i o n s . 



4 . 2  Herbage  Al l owance a nd M i l k  P roduc t i on  

4 . 2 . 1 S hort- term Effe c ts on Mi l k ,  Fa t a n d  P ro te i n Y i e l ds 

1 22 

Th e d i s c us s i on i n  the p re v i ous  s e c t i on  ( Ch a pter 4 . 1 ) , ra i s ed  

the  q u es t i on a s  to  wh e ther  ma x i mi s i ng h e rbage i n take of  th e g raz i ng  

d a i ry cow i n  ear ly  l a c ta t i on i s  des i ra b l e from the po i n t  of  v i ew 

of  the amou n t  o f  h erb age  th a t  has  to be o ffered per  cow , the 

h e rbag e ma s s  rema i n i ng a f ter g ra zi ng and th e res u l ti ng dec reases  i n  

s toc k i ng ra te req u i red to ach i eve th ese  a l l owances . The answers 

to th e s e  q ues t i on s  w i l l  depend  upon  th e mag n i tude  of  th e g a i n i n  

mi l k  p roduct i on p e r  cow a s  a res ul t o f  i n c rea s i n g herbage i n ta ke , 

a s s e s s ed  i n  th e s h o r t- te rm , a nd i n  the l o n ger- te rm becau se  o f  

pos s i b l e  carry-over  effec ts o f  feed i ng  l ev e l  on  s ubsequent  mi l k  

p roduc t i on  ( B ros te r , 1 9 7 2 ) . 

The  exper i me n ta l  cows h ad c a l ved on a ve rage  4 2  days b e fo re th e 

exper i  rren t  commenced a nd ea l ved �v i th a mea n  body con d i t i on  s co re o f  

4 . 9 ,  ( I . M .  B rookes , p e l"S . comm . ) . I t  was a p pa re n t  th a t  the 

exper i menta l  cows were underfed i n  th e 42 days fo l l ow i ng  c a l v i ng . 

Mean d a i l y  fa t y i e l ds d ropped  from 0 . 78 k g  m i l k fat  per cow to 0 . 6 8  
k g  mi l k fa t  p e r  cow i n  the fou r �..;ee k s  i mmed i a te l y  pr i or to the 

exper i me n t .  Du r i n g  th i s  p er i od  body cond i ti on was l os t  s o  th a t  

c ows e n te red the e xpe r i me n t  w i th a mean body cond i ti o n  o f  3 . 9 .  

The p e r i od of  unde r fee d i n g  b e tween c a l v i ng and  the  s ta r t  o f  th e 

exper i me n t  may h a ve a ffec ted th e mi l k  p rod u c t i o n  res pon se s  of  th e 

cows d u r i ng the e xper i me n ta l  pe r i o d  ( Pa tc h e l l ,  1 9 5 7 ; B ros te r , 1 9 7 2 ; 

B ryant  and  Tri  g g , 1 9 79 ) . 

The exper i m e n ta l  per i od  cons i s ted o f  3 2  days of  d i fferen ti a l  

feed i n g  thro u gh offe r i ng the th ree d i ffere n t  d a i l y  herbage  a l l owances . 

No s i g n i fi ca n t  d i ffere nces  i n  mi l k ,  fa t a n d  p ro te i n  yi e l d b e tween 

the c ows offered th e h i gh and  modera te a l l owances  occu rred d u r i n g  

th i s 3 2  day per i o d . An i nc rease  i n  mea n  d a i l y  herbage a l l owance  

from 3 3 . 2  to  5 2 . 7  k g  DM cow- l y i e l ded o n l y  an  e x tra 0 . 5  l i tres o f  

m i l k  a n d  a n  ex tra 0 . 0 3  k g  M F  cow- 1 day- 1 . Th i s  s ugges ts tha t  the  



expe r i me nta l c ows we re not  res po ns i ve to the  extra h erbage o ffered 
- 1 - 1 above  3 3  kg  OM cow day 

I n  F i g u re 4 . 3  s ome o f  the exper i me n ta l  re l a ti o ns h i ps b e tween 

h e rbage  a l l owance  and m i l k  yi e l d a re p l o tted . W h i l e  the re a re 

l i mi ta ti ons  to th e d ata w i th res pe c t  to the d i fferi ng s tages  o f  

l a c ta t i on o f  t h e  c ows a n d  d i ffe rences  i n  th e i r genet i c meri t for 

mi l k  product i o n , i t  a ppea rs th a t  there i s  ve ry l i tt l e re tu rn i n  

te rms o f  mi l k  y i e l d per  cow fo r each  e x tra k g  of  feed o ffe re d 

above  a da i l y  h e rbag e a l l owa nce o f  a p p ro x i ma te l y  30 kg OM cow - l 

day- l , fo r a ny o f  th e expe r i ments de s c r i bed . The cows th a t  we re 

mo s t  res pon s i ve to the  ex tra h e rbage o ffe red were th os e a t  the  

ear l i es t  s tage  o f  l a c ta ti on ,  ( B ry a n t  a nd Cook , 1 9 7 7 ) , a n d  th ere 

s eemed to be  no  res ponse  i n  terms o f  mi l k  y i e l d from cmvs i n  

m i d - l ac ta ti o n  ( Combe l l as a n d  Hodgson , 1 9 79 ) . Th i s  corres ponds  

to the  exper· i men ta l ev i dence th a t  th e ��es pons i v enes s of  mi l k  y i e l d 

to v a ri a t i on i n  i n ta ke  decreases  a s  th e c ows mo ve furth e r  th ro ugh  

l a c t a ti on ( B ros te r  et  a l . 1 9 69 ) . 

A means  o f  a s s e s s i n g th e re s pons i ven e s s  of  the cow to the 

ex tra feed i ng  i s  to e xami ne  the i n p u t- o u tp u t  re l a t i ons h i p i n  te rms 

of k g  DM i n take  p e r  kg m i l k fa t  p roduced . Th e cows offe red the  

1 2 3  

h i gh e s t  a l l owa nce cons umed 22 . 6  k g  OM p e r  k g  m-i l k fa t  produced , 

comp a red w i th 2 1 . 4  k g  OM and  1 7 . 2  kg OM per  kg  mi l kfat  fo r the cows 

offe red the mo dera te and  l ow a l l owances  res pecti vel y .  

The ex tra DM cons ume d by the cows  o ffe red the mode ra te 

a l l owance to p roduce 1 k g  ex tra mi l k fa t  over  th a t  produced by the  

c ows offe red  t h e  l ow a l l owance was  42 . 6  k g  OM per  kg  mi l k fa t .  

( i . e . 25  days @ 4 · 7 kg DM cow� r
) .  The  eq u i va l en t  fi g u re for  the 

2 . 7 6 k g  M F cow- 1 

e x tra  mi l k fa t  produced  by cows o ffered the  h i gh a l l owance over  tha t  

p rod uced a t  t h e  mode ra te a l l owan ce was 48 . 1  k g  OM per k g  ex tra 

mi l k fa t .  C .  Gra i nger  ( pe rs . comm . ) has mea s ured  the s h o r t- te rm 

marg i na l  res p o n s e  to ex tra feed o ffe red to c ows i n  ear ly  l ac t a ti o n . 

An ex tra 35 . 6  k g  OM was  cons umed per  k g  e xtra mi l k fa t  p roduced , 

fo r a cow a t  cond i t i o n  s co re 5 a t  c a l v i n g . Th i s  s ugge s ts th a t  the  

cows u sed  i n  the p re s e n t  experi men t  were l es s  res pons i ve th a n  tho s e  
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u sed  by Gra i n ge r ,  e i th e r  fo r gene ti c rea s on s  o r  because  o f  th e i r 

p re v i ou s  n u tr i t i ona l h i s to ry .  

The da ta s h ow th a t  a s  herbage  a l l owa nce i nc reased the  cows 

b ecame l es s  e ff i c i e n t  i n  te rms of the  OM c ons umed per  k g  mi l k fa t  

p roduced . I n  a d d i ti on i t  req u i red i n creas i n g q uant i ti e s  o f  OM 

to p roduce an e x tra kg m i l k fat  as h e rb age  a l l owance wa s i n c reas ed , 
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( i . e .  a d i mi n i s h i n g re turns  res pon s e ) . T he  decrease  i n  effi c i ency 

o cc u rred des p i te the  me a s u red  and  p res umed i n crea s e  i n  the  q u a l i ty 

o f  the OM cons umed  a s  h e rbage a l l owance  was  i n c reas ed . 

An e xp l a na ti on  o f  the a p pare n t  l ac k  of res pons i vene s s  i n  

t e rms o f  mi l k  p rod u ct i o n  to th e i n c rea sed  fee d o ffered may b e  i n  

the unde rfeed i n g  o f  th e exper i me n ta l  cows  i mmed i a te l y  a fte r c a l v i n g . 

The part i ti on i ng o f  d i e ta ry ene rgy b e tween  mi l k  p roducti on  a n d  

l i vewe i gh t c hange  may b e  a l te red by a p re v i ou s  per i od of  u n de rfeed i n g  

( F l ux  and  P atch e l l ,  1 9 5 4 ; \�a l l a ce , 1 9 5 7 ; P atche l l ,  1 9 5 7 ; B ro s te r  

e t  a l . ,  1 9 69 ; B ryan t a n d  Tr i gg ,  1 9 79 ) . The p re v i ous  u nderfeed i n g 

may h a ve con t r i b u ted  to a l os s  of  poten ti a l  mi l kfat  y i e l d o f  th e 

expe ri menta l  cows and  i n c reased l i vewe i gh t ga i n a t  the e xpen s e of  

m i l k  p rod uc t i on . Th e l i vewei g h t  a n d  cond i t i o n  s co re da ta fo r the 

cows offe red the h i g h a nd mo de rate a l l owances  wou l d s upport  the 

content i on th at  they were pa rti ti on i n g ene rgy i n to l i vewe i g h t  g a i n .  

The de c reas i n g e ffi c i en cy of  th e u t i l i z a t i on of  the  OM cons umed fu r m i l k  

p roduct i on a s  a l l owance was  i nc re a s e d  i s  p rob a b l y  re l a te d  to the  

i n creas ed amo u n t  o f  d i e ta ry ene rgy b e i n g  u s ed fo r l i vewe i g h t  g a i n .  

Anoth e r  fa ctor  th a t  cou l d i nf l uence  the res pon s i vene s s  of  

d a i ry cows to v ar i a t i on i n  h erbage a l l owance i s  t he  gene ti c po ten t i a l  

o f  the cows . I t  h a s  been  c l ai med th a t  a pote n ti a l l y  h i g h e r  

y i e l d i ng cow w i l l  p roduce mo re mi l k  from a g i ven amo unt  of  feed 

( B ros ter , 1 9 7 6 ) th a n  a l ower yi e l d i n g  cow , and  th i s  s ugges t s  th a t  

a d i ffe ren t  re l a ti on s h i p  between h e rbage  a l l owa nce  a nd mi l k  y i e l d  

may exi s t  th a n  t h a t  s hown i n  F i g .  4 . 3 ,  wh e re c ows were p ro d u c i ng  i n  

th e range o f  1 5 - 1 8  l i tres of  mi l k  per  c ow . B ro s te r  ( 1 9 7 2 ) 

conc l uded th a t  the  res pons e of mi l k  y i e l d to the l eve l  o f  fee d  

i n ta ke  i s  d i rec t l y  re l a ted  t o  the cows i n i ti a l  mi l k  yi e l d .  W h i l e  

Combe l l as and  Hodg s on ( 19 7 5 )  we re una b l e to s h ow tha t  two g ro u p s  o f  
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cows w i th d i ffere n t  mi l k  y i e l ds a s  a res u l t o f  p rev i ous  n u tri t i on , 

res p onded  d i f fe re n t l y  to va ri a ti on i n  h e rb a g e  a l l owance , th ey d i d 

s how th a t  th e cows they u sed  were mo re s e n s i ti ve to redu c ti ons  i n  

h e rb ag e  i n ta k e  th a n  the l owe r y i e l d i n g  cows u sed  by Greenh a l g h  e t  a l . 

( 1 9 6 6 ) . There i s  l i ttl e expe ri menta l  e v i dence a s  yet  to s upport  

th e hypo thes i s  th a t  h i gh y i e l di ng  cows w i l l  be  more res pons i ve to 

h i gh h e rbage  a l l owances  and  th e l i mi te d  ev i dence  ava i l ab l e  f rom 

the p res ent  expe r i me n t  does not add a ny we i gh t  to th e hypothe s i s .  

By offe r i ng  th e h i gh a l l owance ra th e r  than the modera te 

a l l owa nce , th e n  on a per ha . ba s i s  we a re g raz i n g  32 fewe r cows 

each  day ( Tab l e 3 . 1 ) . The  amount  of product i on l os t  per h a. each  

day , e ven ta k i n g i n to a c count  the  s l i gh t  but  non-s i gn i fi ca n t  l i ft 

i n  p roduct i on  per  C O\'i a t  the h i gh a l l owance , wo u l d be 493  k g  mi l k ,  

20 . 9  k g  mi l k fa t a nd  1 7 . 4  k g  mi l k  prote i n  p er  ha . .  P roducti on  per  

u n i t a rea was  dec l i n i n g at  a fa s ter  rate th an  prod uc t i o n  per  cow 

was  i n creas i n g .  A recog n i ti on of  th e l on ger- te rm bene fi ts o f  

i n c reased  prod u c t i on  pe r cow a t  th i s  s tage  of  l a c ta t i on ( B ro s te r , 

1 9 7 2 )  cannot be  e xc l ude d and  th i s  w i l l  be d i s c u s s e d  i n  the fo l l owi ng 

s e c ti on . I n  the s hort- te rm howe ve r there was a s ub s tan t i a l  l os s  of 

product i on per un i t  area  through th e ·de crea s e  i n  graz i n g  i n ten s i ty 

req u i red to a ch i eve  th e h i gh h e rbag e a l l owa nce s . The da ta emphas i s es 

the i mportance  of a ch i ev i ng  a comp romi s e  be tv-1een s tock i ng  ra te a nd  

p roduct i on pe r cow . As Hoc k i ngs  ( 1 9 79 )  s ugges ts , a da nge r i n  

try i ng to ach i eve  a h i g h  peak  mi l k  p roduc t i on was  that s toc k i ng ra te 

mi g h t  become too l ow i n  orde r to u t i l i ze the pas ture g rown i n  the 

rema i n der  of the da i ry s ea s on . S ome pos s i b l e  e ffec ts of th e l a x 

g ra z i n g  i n te n s i ty res u l ti ng from o f fe r i ng  h i gh h erbage a l l owances  

h a ve a l ready been  d i s cu s s ed ( Ch apte r 4 . 1 . 4 ) . 

F u rth e r  i n c re a s e s  i n  da i l y  mi l k  product i on  per  un i t a re a  were 

obta i ned by res tr i c t i n g  h erbage a l l owance  to a mean of 1 3 . 5  k g  OM 

c ow- 1day- 1 I n  th i s  i n s ta nce p roduct i on  per  cow was s i gn i f i cant l y 

reduced  i n  the  s h o r t  term .  The  e ffec ts o f  the  reducti on i n  h e rb a ge 

a l l owance a p pe a re d  to p ro g re s s i ve l y  reduce  mi l k ,  fa t a nd  p ro te i n 

y i e l ds over th e exper i men ta l  per i o d . Add i ti o n a l l y  some o f  the mi l k  

p roduct i on wa s ach i eved  a t  the expen s e  o f  cow l i vewe i g h t  a n d  body 
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cond i ti on . W h a t  e ffec t  wou l d feed i n g  cows at  th i s  g raz i ng  i n te ns i ty 

h a ve on prod uct i o n  p er  cow and  per  h a . i f  i t  were to be s us ta i n e d ?  

T h e  o n l y  a v a i l ab l e data where h e rbage  a l l owances have b e e n  

o ffered o v e r  a s us ta i ned  pe ri od of  t i me comes from Greenh a l gh  

( 19 70 ) . A da i l y a l l owance of a p p ro x i ma te l y  1 5  kg OM cow- 1 day - 1 , 

o ffered th ro ugh o u t  a g ra z i ng s ea son , res u l ted i n  the h i gh es t 

p roduct i on p e r  h a . w i thout  s i gn i fi c a n t l y  reduc i ng  p roduct i o n  p e r  cow , 

when  comp a re d  w i th da i l y  a l l owances  o f  2 3  and  30 k g  OM cow - l 
Th e 

c ows u sed  we re i n  mi d - l ac tat i on p r i o r  to b e i ng a l l ocated to th e i r 

h e rbage a l l owances , w ·i th  the pos s i b i l i ty th at the  res tri ct i on  had  

l e s s  effe ct on  mi l k  p roduc t i on a t  th i s  s ta ge o f  l a ctat i on .  

Add i ti ona l l y  th i s  mi l k  p rod uct i on was  s us ta i ned  a t  th e e x pens e of  

l i vewe i gh t  a n d  th i s  mi g h t  neces s i ta te a dd i ti ona l i np u ts o f  fee d l a te r  

i n  l ac tati on  o r  d u r i ng the dry pe r i od i n  o rder  t o  recover body 

cond i ti on ,  a l th ough  the  data of Greenh a l g h  et  a l . ( 1967 ) s u gge s ts 

t h at  the  e ffe c ts o f  herbage  a l l owa n ce on  l i vewe i g ht  may b e  mo re 

s e ve re i n  the s ho rt- te rm than the l on g e r  term . 

4 . 2 . 2  Long Te 1111 E ffec ts on Mi l k fa t  Y i e l d 

The l on g  te rm e ffects of  var i a ti o n  of h e rbage  a l l owances  

offe red i n  e a r l y  l a c ta t i on need  to be  con s i de red becaus e of  th e 

i mpo rtance of  e a r l y  l a ctat i on mi l k  p rod u c t i on on p roduct i on  i n  t h e  

remai nder o f  the l a ctat i on ( B ros te r ,  1 9 7 2 ) . I n  Tab l e  3 . 1 3  th e 

e ffe cts o f  the  th ree h e rbage  a l l owances  o ffe red on mi l k fa t  y i e l d 

th roughout  the l ac t a t i on a re s umma r i s e d . Des p i te th e s i g n i f i c a n t  

e ffect  caus e d  by the vari a ti on i n  h e r b a g e  a l l owance i n  th e s h o rt­

te rm , the re wa s o n l y  a very s l i gh t  a nd  non- s i gn i fi ca nt  e ffec t  i n  

the l on g  te rm .  I t  s ho u l d b e  noted  tha t  a ve ry l a rge d i ffe re n c e  

i n  mi l k fa t  y i e l d d ur i ng  the pos t- e xp e r i men ta l  per i od wou l d h a ve been 

req ui red fo r s i g n i fi cant  res i dua l  e ffe c ts on m i l k fat  y i e l d to be 

found ( LS D  ( P  = 0 . 05 )  = 28 . 3  kg  m i l k fa t ) . Th i s  i s  p rob a b l y  re l a ted 

to the 5 ma l l n umbe r  of cows us e d  i n  the  experi ment  and  the  var i at i on  

i n  the  p e rs i s te nce of  the i r l ac ta ti o n s . E ven s o , the a c t u a l  l os s es 

o f  mi l k fa t  p ro d u ct i o n  i n  th e pos t-expe r i me n ta l  per i od w e re s ma l l a n d  

not  cons i s te n t  w i th th e l evel s o f  feed i n g  i mposed  ea rl i e r .  Th i s  

a g rees  w i th the  con c l us i on of  B ryan t a n d  Tri g g  ( 19 7 9 )  th a t  the  l os s es 
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i n  product i on s ub s eq uen t  to unde rfe ed i ng i n  ear l y l ac tati on  a re 

sma l l a n d  do  n o t  pe rs i s t  through o u t  the  rema i nder  o f  the l ac ta t i on . 

E a r l i e r e xp e ri ments had  found l a rg e r  res i d ua l  e ffec ts f rom 

th e un derfee d i n g  of  dai ry cows i n  ea r l y  l ac tati on . F l ux a n d  

Pa tch e l l ( 19 5 4 ) a n d  Wa l l ace  ( 19 5 7 )  fo u n d  res i dua l  e ffects on  

mi l k fa t  y i e l d of  up  to  3 . 0  - 3 . 4  ti mes the  i mmed i a te effe c ts of  

unde rfe ed i ng  i n  ear ly  l ac tat i on ( s ee  Tab l e  1 . 2 ) . As a res u l t  o f  

th e s e  experi rnents  th e New Zea l a nd  da i ry fa rme r ha s  b ee n  a d  v i  s ed to 

h a v e  as  h i s  o b j e c ti ve h i gh l e ve l s  of feed i n g  fo r d a i ry cows e a r l y  

i n  l actati on becau s e of  the pena l t i e s  o f  u n derfeed i n g  a t  th i s  t i me 

( Ge rn i g a nd Y o u n g , 196 1 ) .  There i s  a good  dea l o f  o ther  e x pe r i me n tal 

e v i dence  to s upport the s e  e xperi men ts , ( B ros te r  1 9 7 2 , B ros te r  and  

S t r i ck l and  1 9 7 7 ) . Howeve r other  exper i men ts h a ve fai l ed to s h ow 

re s i dua l e ffec ts o f  th e s ame mag n i tude  a s  thos e p roduced  i n  the 

a b ove me n ti oned  experi men ts ( G l e e son , 1 9 7 3 ; Go rdon , 19 76 ; B l uett  

1 9 7 7 ; Gra i n g e r  a n d  \� i l h e l ms , 1 9 7 9 ; B rya n t  and  T ri gg ,  19 79 ) . 

I n  th i s  e xper i ment  the sma l l n umbe r  o f  cmvs a pparen tl y p l aced  

a l i mi ta ti on  o n  the l i k e l i h ood of  fi n d i ng  a res i d ua l  effe c t  from 

u n d e rfeed i n g . Des p i te th i s , there may be b i o l og i c a l  reas on s  as to 

1vhy d i ffe rence s  i n  the s i ze of  th e res i d u a l  e ffec t  occur  b e t;.;een  

e xper i men ts . D i ffere n ces  b e tw e e n  expe r i me n ts ex i s t  i n ,  ( 1 ) th e 

ma gn i tude a n d  d u ra ti on of the u n de rfeed i n g  i n  ea r l y  l a c t a t i o n , 

( 2 )  the t i mi n g  o f  the u n de rfeedi ng  i n  re l a ti on to ca l v i n g , a n d  

( 3 )  th e feeds t u ffs used . Ove ra l l th e re appears t o  be a p o o r  

u n d e rs tandi n g  o f  factors  a ffec ti ng  res i d u a l  e ffec ts from u n derfeed i ng 

i n  e a r l y  l ac ta ti on . 

The  e xpe r i men ts of  F l ux  a nd  P a tc h e l l ( 19 54 )  and  Wa l l a ce ( 1 9 5 7 )  

d i d n o t  defi ne  i n  exact  terms the two l e ve l s o f  feed i ng  i mpos ed  i n  

e a rl y  l ac ta ti o n . The depres s i on i n  m i l k fa t  y i e l d i n  the s e  

e xperi men ts w a s  compara b l e to the  d epre s s i on caus ed  by o fferi n g  th e 

l ow rather  th an  the  modera te a l l owance  i n  th e p re s e n t  exper i me n t , 

( 0 . 06 - 0 . 14 k g  MF  cow- 1day- 1 ) .  More s e ve re res tr i cti on s  on  pas t u re 

i nta ke  and  m i l k fa t  yi e l d we re p l a c e d  o n  c ows i n  the  exper i men ts of  

Gra i nger  a n d  W i l he l ms ( 19 79 )  and  B ry a n t  a n d  Tri gg  ( 19 79 ) . G ra i n ge r  

a n d  W i l he l ms ( 19 7 9 )  res tr i c te d  cows  t o  a n  i n ta k e  of  7 k g  O M  cow- 1 day - 1 
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fo r peri ods o f  up  to 10 weeks of  l ac ta ti on . Th i s  res ul ted i n  

tw i ce the depres s i on i n  mi l k fat  yi e l d cau sed  by res tri ct i n g  pas ture 

i n take to 9 . 6  k g  DM cow - 1 day- 1 i n  the  p res e n t  e xper i ment .  Des p i te 

th e more s e ve re i n tens i ty and  d ura t i o n  of  th e unde rfeedi ng  i n  th e 

e x peri ment  o f  G ra i n ge r  and  W i l h e l ms ( 19 79 )  th ey were unab l e  to f i n d  

th e res i d ua l  e ffe cts o f  th e s ame ma g n i tude a s  tho s e  repo rted by 

F l ux  and P a tche l l ( 1 9 54 )  a nd  Wa l l ace  ( 19 5 7 ) . From th e ev i dence  

ava i l ab l e ,  th e magn i tude of  the  i mme d i a te l os s  of  mi "lk fa t  y i e l d due  

to unde rfeed i n g  does  not  appear  to  be  a fa c tor  that  i nfl uences  the  

s i ze o f  the res i d ua l effect . 

The cows i n  th i s  p re s ent  exper i men t  we re on average i n  th e i r 

s i x th week o f  l a ctat i on a t  the s tart  o f  th e d i fferen ti a l  fee d i n g . 

Th e e xpe r i me n t  by B ros te r  e t  a l . ( 1 9 7 5 )  wou l d  s ugges t th a t  the  

l e ve l  of  fee d i ng  i n  th e fi rs t fou r  weeks  a fte r c a l vi ng  was  th e mos t 

i mporta n t  p e ri od i n  dete rmi n i ng the who l e l actati on  y i e l d .  I t  i s  

p o s s i b l e  th a t  th e d i ffe ren t  h erbage  a l l owances  we re offe re d to the 

cows i n  th i s  e xpe r i me n t  at a s ta ge i n  th e i r l a ctat i ons  wh i ch wou l d  

h a ve a sma l l e r e ffe ct  on  th e i r s ub s eq ue n t  y i e l ds than  an  e a r l i e r  

res tri ct i on . B u t  the data of Gra i n g e r  a n d  W i l he l ms ( 19 79 )  s ugges t 

that  the t i mi n g  of  unde rfee d i n g  i n  th e f i rs t ten weeks  of  l a c ta t i o n  

h a d  l i tt l e e ff e c t  on  l a ctati on pe rfo rmance , ( i . e .  l i ttl e d i ffe rence  

b e tween unde rfee d i n g  i n  weeks 1 - 5 o r  wee k s  5 - 10 ) . B ry a n t  and  

T r i gg ( 1 9 7 9 ) , s e vere l y  un derfed cows  i n  th e fi rs t s i x wee k s  a fter 

ca l v i n g but we re u nab l e  to f i n d  re s i d ua l e ffec ts on mi l k fa t  y i e l d 

1 2  wee k s  after  u nderfe e d i n g  ceased . There  does not  appea r to b e  

e n o ugh  cons i s te n t  ev i de nce to s ugges t th a t  d i ffe rences i n  th e 

mag n i tude of  re s i d u a l  e ffe cts fo und  b e twee n  e xpe r i men ts co u l d b e  

a ttri b u ted to d i ffe rences  i n  t h e  t i m i n g  o f  unde rfeed i n g d ur i n g  th e 

f i rs t ten week s  of  l ac tat i on . 

The d i e t  o f  the cows used  i n  the  e x per i ments by B ros ter  con s i s te d  

o f  a b a s a l  ra t i on  of  h ay and/or  s i l a ge s upp l emen ted wi th con cen tra tes 

u nti l the c ows we re p u t  o u t  to graze  i n  m i d to l a te l a c ta t i o n . 

I n  e xperi me n ts conducted i n  I re l a nd  ( G l ee s on , 1 9 70 , 1 9 73 ; Gordon , 

1 9 7 6 , 19 77 ) , t he  underfeedi ng  of  c ows o c curred on  s i mi l ar d i e ts 

i mmedi ate l y a fte r c a l v i ng ,  b u t  cows were turned o u t  to g r a ze a t  a 

much earl i er s tage  of  l ac ta ti on .  Th e s e  e xperi me n ts d i d n o t  fi nd  

l a rge res i du a l  e ffects from the ear ly  l ac tat i on  underfeed i n g . 
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G l eeson  ( 1 9 70 )  noted  re d uced res i du a l  e ffec ts from u n derfe ed i n g  s p ri n g  

ca l v i n g c ows c omp a red w i th a ut umn ca l v i n g c ows . Th i s  w a s  a tt r i b u te d  

to  t h e  s p r i n g  c a l v i n g c ows b e i n g turned  o u t  t o  g ra ze s oo n e r  th a n  t h e  

a u t umn c a -l v i n g c ows . G o r d o n  ( 1 9 7 7 )  a l s o  fe l t th a t res i d u a l e ff e c ts 

were re d u ced w h e n  cows w e re g ra z e d  s oo n  a ft e r  a p e r i o d  o f  u n d e r -

f e e d i n g . Wh i l e  th e e x p e ri me n t  o f  Gra i n g e r  a n d  W i l h e l ms ( 1 9 79 )  wo u l d 
add f u r th e r  e v i de n ce to s upp o r t th i s  con t e n t i on , t h e  expe � i me n ts 

by F l ux  a n d  P a tc h e l l ( 1 9 54 )  a n d  W a l l a ce ( 19 5 7 )  do n o t . T h e re i s  n o  

e v i de n ce to s u g ge s t v.J hy t h e  p a s t u re fee d ·i n g  o f  da i ry cm,ts , th a t  1>1e re 

p re v i o u s l y  u n de rf e d  s h o u l d e n h a n ce th e i r a b i l i ty to rec o v e r  f rom 

u n de r fe e d i n g . 

C l e a r l y  th e re i s  a p o o r  un de r s t a nd i n g  o f  fa c t o rs a ffec t i n g  

res i d u a l  e ffe c ts from u n d e rfee d i n g  i n  e a r l y  l a c ta t i on , d e s p i te the  
a mo u n t  o f  e xp e r i me n ta t i on c o n d u c te d  o n  t h e  top i c .  There a re 

s e ve ra l  pos s i b l e  r e a s on s  wh i ch m ay e x p l a i n  s om� o f  the d i ffe re n t  

res u l ts fo u n d  b e tv-i e e n  e x pe r i me n ts . F l u x a n d  P u t c h e l l  ( 1 9 5 4 )  f o u n d  
a l a r g e  res i d u a l e ffe c t  o v e 1 ·a n , b u t  th i s  w a s  1 1 0 t  s ta t i s t i ca l l y  

s i g n i f i c a n t  \·lh i ch s u g ge s t s  th a t  a re p e t i t i on o f  the  e x p t: l' i me n t 1·1i t h  
a d i ffe r e n t  g ro u p  o f  c ows may h a ve fo u n d  n o  res i d ua l e ffe c t  J t  a l l .  
Th e re v-: a s  a c o n s i d e ra lJ l e  amo u n t  o f  v a r i a t i o n b e tv;e e n  s e t s  o f  t\-J i 1 1 s  
i r i  th e i r ab i ·1 i ty to re c o v e r  f l'Orn u n de r fe e cl i  n g . S ome c mv s  \•I e r e  ub l e  
to re c o v e r  a l l t h e  p 1�o d u c t i  o n  l os t  •,vh i 1 e tl 1 ey v�t.: l ·e u n d e rf e d  a n d  

P l'O d u c e  as  : n u c h  i n  t h e  l a c ta t i  on a s  t h e i r  tv-; i 11 s i s te rs v1h i eh h a d  n o t  
b e e n  u n d e r fe d . Th i s  v a r i a t i on i n  t h e  da i ry co•,v p o p u l a t i on L1v e n ty -
f i ve yec rs ago may n o t  b e  e v i d e n t  i n  t h e  da i ry c ow p o p u  l il ti  o n  today 

b e c a u s e o f  s e l ec t i o n  ove r  th i s  t i me f o r  c ows  w i th mo re p e rs i s te n t  

l a c ta t i o n s . S U l'vey f i g w· e s  ( N . Z .  Da i ry B o a rd , 1 9 7 7 }  s h ov; th a t  the 

mea n  l a c ta ti o n  l e n g th of  a l l c ow s  h e rd te s t ed , h a s  s tayed the s ame 

i n  th e l as t  20 y e a rs b u t  th e re has  been  a n  i n c re a s e i n mi l k fa t  

p rodu c t i on o f  1 0  k g  mi l k fa t  cow- l 

Ma ny expe ri ments th a t  h ave e xami ned  e a r l y  l a ctat i on  n u t r i t i o n  

ha ve b e e n  ca rri e d  o u t  wi th a h i gh p roport i on of  fi rs t c a l v i n g  

h e i fe rs ( B ros te r ,  1 9 72 ; F l u x  a nd  Pa tche l l ,  1954 ; W a l l ace , 1 9 5 7 ) . 

F i rs t  c a l vi n g  h e i fers may res pond  di ffe re n t l y  to ear ly  l a cta t i o n  

underfeedi ng  t h a n  ma till� cows , a nd  th i s  mi g h t  exp l a i n s ome o f  th e 

'· 
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d i ffe rence  between e xpe ri me n ts . 

I t  i s appa re n t  th a t  there i s  a ch a n g e  i n  th e p a rt i t i on i n g o f  

d i e ta ry ene rgy b y  d a i ry c ows a s  a res u l t o f  u n d e r f e e d i n g  i n  e a r l y  

l a c ta t i o n  ( B rya n t and  T r i gg , 19 79 ) . 1-J h ether  th i s  i s  ·i mp o d a n t  i n  

t e rms o f  a r e s i d u a l  e ff e c t  on m i l k a n d  mi l k fa t  p ro d u c ti o n  o ve r  th e 

wh o l e  l a c ta t i o n  i s  s t i l l  n o t  c l e a r .  D i f f e r e n c e s  i n  th e geno ty p e  

o f  c ow s , th e b o dy c on d i t i o n o f  cows a t  ca l v i n g , t h e  age o f  c o w s , 

a n d  the l e ve l s  o f  fee d i ng  i mpo s ed l a te r i n  l a c tat i o n rnay h a v e  
co n t r i b uted t o  d i f fe ren ce s between e xper i men ts i n  t h e  s i ze o f  t h e  

res i d ua l  e ffec ts foun d .  More i n v e s t i g a t i o n s  a re p ro b a b l y  req u i re d 

t o  furth e r  def i ne pos s i b l e contri b u t i n g  f a c to rs to r e s i d u a l  e f fec ts . 

I f  res i d u a l  e ffe c ts from u n d e r fe e d i n g i n  ea r l y  l a c t a ti o n  a re s ma l l 

then th e re may be  c on s i de ra b l e fl e x i b i l i ty fo r va r i a ti on o f  h e rb a ge 

a l l owa n ce i n  ear l y l a c ta t i on . 

4 . 2 . 3 H e rb a ge A l l owa n c e  a n d  M i l k  P ro d u c t i on  
---------·- ----- ·---·-- ··----

T h e  data from th i s  e x p e r i me n t  s u g g e s t th a t  a con :p l'Cl i !� i s e  ·i s 

n e c e s s a ry e:: mo n g s t  t h e  n e e d  fo r h i g h l e ve l s  o f  mi l k  p ro d u c t i o n  pe r 
c ow i n  e a r l y  L1 c t a t i o n , h i 9h y i e l d s o f  rn "il k s o l i d s per  h a . ,  0 1 1 d  U 1 e  

a g ronomi c req u i reme n ts f o r  p a s t u re p ro d u c t i o n . Th e i n c re a s e  i n  

y i e l d p e r  cov1 o f  mi l k  a n d  ll l i l k  s o l i d s a s  h e rb age a l 1 ov1 <1 n ce  i n c re a s e d  
w a s  much s ma l l e r t h a n  t h e  c o r res pon d i n g  d e c re as e i n  t h e  y i e l d o f  

th es e p e r h e c ta re . T h e  re d u c t i o n  i n  y i e l d  p e r  h zt .  m2y h a v e  res u l t e d  

f rom a de crea s e  i n  t h e  p e rce n ta ge  o f  D :-1  h a r v e s te d , a 1 1 d  frol l l  t h e  l a rge 

i n c re a s e  i n  p a s t u re i n t a k e  ne ce s s a ry to i n d u ce a n  i n c n� ll s e i n  the 

y i e l d o f  m i l k ,  m i l k fa t and  m i l k  p ro te i n per c ow . 

The e x p e ri men t a l d a ta a r e  c o n s i s te n t  w i th o th e r  h e rb a ge a l l owance 

e xper iments  i n  that  l i tt l e e xtra mi l k  y i e l d per  c ow was o b ta i n e d  when 
cows were o ffered h e rb age a l l owances  i n  e xce s s of 30 k g DM cow- l 

( F i g .  4 . 3 ) . Combe l l as a nd Hodg s o n  ( 19 7 9 ) , were unab l e  to o bta i n  any 

i n c rease  i n  mi l k  y i e l d  from cm .. -15 i n mi d- l a c ta t i on  when h e rbage  a l l owance 
- 1  o ffe re d was  g re a ter  th an  60  k g  OM k g  LW . Therefore the  o ffe ri n g  

o f  1 6 0 g  OM k g  LW- l a s  oppos ed  to  lOOg O M  k g  LW- l i n  th i s  expe r i me n t ,  

wh i l e ,  o ffe red to cows much ear l i e r i n  thei r l a cta t i on , wou l d not  b e  

e xpected t o  res u l t i n  1 a rge ga i ns i n  mi l k  y i e l d .  

' 



Wh i l e  thes e  data , a n d  the da ta o f  Green h a l gh ( 19 70 )  s ug ge s t  

th at pro d u ct i o n  p e r  u n i t a rea  i s  maxi mi s e d  by res tr i ct i n g  cows  to 
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d a i l y  a l l owances  o f  1 3 - 1 5  k g  OM cow - 1 , th i s  s ho u l d not  be  i n te rp re ted 
as a des i rab l e  g ra z i n g i n t e n s i ty u n l e s s t h e  l o n g e r· t e nn e f fe c ts of 
th i s  l eve l  of fee d i n g  a re c o n s i de re d . T h e  d ro p  i n  mi l k  p ro d u c t i o n  
pe r C0\'1 i n  th i s  e xper i ment  was s e v e re ( 1 7 - 20�� ) , a n d  m i l k  p ro d u c t i o n lva s 

a t  th e e x p e n s e  o f  l i v ew e ·i gh t and  b o dy c on d i t i on . tv{t1e e k a n a n d  

l�a l she ( 1 96 3 )  c a l c u l a te d  th a t  ma x i mum p ro du c t i on p e r  h a . cou l d b e  

s us ta i ned  wh e n  p r o du c t i o n  p e r  cow w a s  de p re s s ed � Y  1 0  - 1 2% o f  wh a t  

c o u l d b e  a ch i e ve d  by l e n i e n t  g ra z i n g .  

The p res e n t  e x p e ri me n t  d i d n o t  a t temp t to e xami ne  wh eth er th e 

l ow a l l ov�a n ce , i f  offe red o ve r  a s u s ta i ned  p e r i o d , wo u l d ma x i mi s e 
p ro d u c t i on pe r h a  . .  B u t  a n  e xami n a t i o n o f  a ny res i d ua l e ffe c t  o f  th i s  

l e ve l  o f  fee d i n g  on  p rod u c ti o n p e 1� cmv \-Ja s  c o n d u c te d . Res i d ua l 

e f fe c ts o n  m i l k fa t  produ ct i on d i d n o t  o c c u r  b ec a us e o f  t h e  v a ri a t i o n  

o f  h e rba ge a l l mva n c e , b u t  a l a c k  o f  u n de rs ta n d i n g  o f  t h e  fa c t o 1�s 

a ffe c t i n g  res i d u a l  e f fe c ts from u n de r fee d i n g  i n  e a r l y  l a c ta t i o n  i s  

a p p a ren t .  T h e  l onge r t e rm e ff e c t s  o f  v a r i a t i o n  o f  h (: rb a 9 e  a l 'l ovi a n c e  

o n  l i vewe i gh t  a n d  c o n d i t i o n s co re c h a n ge we re not  i n te n s i ve l y  

me a s u re d . Th e pos s i b l e  e ffe c ts o f  a r e s tri c t i o n  o f  h e rb a g e  a l l ov1a ncc  
i G  o rde r to i n c re a s e p r od u c t i o n  p e r  u n i t a re a  a t  a ny s ta ge  o f  
l a c ta t 'i on ,  may b e  a re q u i reme n t  fo r e x tra i n p u ts o f  feed a t  u n o th E T  
s ta ge of  l ac ta ti on  i n  o rde r t o  ma i n ta ·i n a n i ma l  h e a l t h  a n d  e ff i c i en t  
a n i ma l  p ro du c t i o n . 

The d a ta s u gge s t th a t  th ere may b e  c o n s i de r a b l e  f l e x i b i l i ty i n  

the  fee d i n g  o f  the da i ry c ov1 i n  e a r l y  l a c t a t i o n . The h i gh e r the  
h e rb age a l l owance  the f a rme r i s  a b l e to o ffe r a h e rd o f  c ows th e 

mo re p ro d u c t i o n p e r  cow he  w i l l  o b t a i n .  B u t  a n  obj ec t i ve o f  e a r l y  

l actati on  mana gement  s h o u l d n o t  b e  t h e  a ch i e vement  o f  s uch h i gh 

h erba ge a l l owances  th at  s tock i n g  ra te i s  dec reas ed to a po i n t  th a t  

p roduct i o n  per  h a . i s s a c r i fi ce d , a n d  t h e  uti l i zat i on  o f  p a s t u re OM 
fa l l s .  I f  the farme r were to fi n d  h i ms e l f i n  a pos i ti on to o ffe r 

h e rb age a l l owances  i n  s p ri n g  tha t mea n t  th at  the re was a l ow l e vel  

o f  h erba g e  u t i l i zati o n  he  mi g h t  h ave to con s i der how to  u t i l i ze the 

co n s i derab l e  amo un ts of  res i du a l  h e rbage  rema i n i ng afte r g ra z i n g . 



On the oth e r  h an d  for the  farme r fac i n g a feed s h o rtage , th e d ata 
- 1  wou l d s ugges t th a t  h e rb a ge a l l owances  a s  l ow a s  1 3  k g  OM cow 
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o ffe red o v e r  s h ort pe r i ods , wh i l e  red uc i n g  p roduc t i o n  per  cow i n  t h e  

s ho rt - te rm ,  may not  h ave s e ri o us  de t r i me n ta l  e ffec ts on  t h e  who l e  

l ac t a ti on mi lkfa t p roduct i on p rov i ded adeq uate h i gh q ua l "i ty fee d i s  

a v a i l a b l e  s ub s e q uen t l y . �1 i l k  p ro d u c t i o n  a t t h e s e  1 01'1 a l l OI·Ja n c e s  
w i l l  b e  at  th e e x pe n s e  o f  bo dy con d i t i o n , a n d  e x t ra i n p u ts  o f  f e e d  
may b e  req u ·i red at  o th e r  t i mes to c ompen s a t e  for  th i s  l o s s  i n  
con d i t i on . The e ffe c t of  u n de rfee d i n g a t  th i s  s ta ge o f  l a c ta t i o n  
o n  fe rti l i ty ,  w h i l e  n o t  e xami n e d i n  th i s  e xpe r i me n t  mus t a l s o  be  

c o n s i d e re d  ( G r a i nge r and  W i l h e l ms , 1 9 7 9 ) . 

4 . 2 . 4  1-i e rb ag� Al l mvance  a n d  M i l k ComQ_o s "L_t_j_Q!:!_ 

T h e  me a n  e ffec t  o f  v a r i a t i o n  i n  h e rb a ge a n ovJ a n c 2  0 1 1  the  

mi l k fa t  con te n t  o f  mi l k  v1a s  not  s i gn i fi c ant , a l th o ug h  i n  two of  the  

fi ve week s  t h e  c o1'ts o f fe red t h e  l ovJ a "ll mv an ce d i d h a ve s i g n i fi cu n t l y  
lri gh e r  ( P < 0 .  0 5 )  nri 1 k f J  t c o n te n ts th a n  o n e  of  th t:· o t h e r  g ro up s  o f  

cows . I t  i s  pos s i b l e th a t  th ere w a s  too much  1·1 i th i r: t re a tme n t  
va r i a t i on i n  mi l k fa t  con tent  c a u s e d  by t h e  rni x t 11 re o f  b re e d s  us e d , 
to b e  a. b l e  to f i n d  s i gn i fi c a n t  e ff e c ts d u e  to il v ::t r i a t i o n i r t h e rb a ge 
a l l m-Jance . The e x pe r i me n ta l  d e s i g n d i d n c t  J l l o•rJ fo r th e b n� e d  
e ffec ts t o  b e  i s o l a te d . 

S i g n i f i c a n t  c h a n g e s  i n  t h e  mi l k f a t  c o n t e n t  c a u s e d  by v a r· i a ti o n s  

o f  h erb age a l l OvJ a n c e  h a ve been found  i n  o th e r  expe ri men ts . There 

\v a s  a s i gn i f i c a nt  r i s e  i n  the mi l k fa t  con te n t  o f  m i l k  p r o d u c e d  by 

t h e  cows o ffered the l owe s t a l l ow a n c e  i n the  e x pe r i men t by G re e nh a l gh 

e t  a l . ( 1 966 ) . Re s tr i c t i o n of  h e rb a ge a l l owa nce a l s o  res u He d  i n  

i n c re a s e d  m i l k fa t  conte n ts i n  th e exper i men ts by F l u x  and  P a t ch e l l 

( 1 9 54 ) , Gra i n ge r  a n d  �J i l he l ms ( 1 9 79 ) , a n d  B ryant  and  Tri g g  ( 19 7 9 ) . 

There we re n o  s i gn i fi can t e ffec ts o f  var i a t i on of  he rb ag e  a l l owa n ce 

on the mi l k fa t  content  i n  th e e xpe r i men ts by S tobbs  ( 1 9 7 7 ) , o r  

Comb e l l as a n d  Hodgson ( 1979 ) , a l th o ugh  S tobbs  meas ured s i gn i f i c an t 

i n creases  i n  the  p roport i ons  of  l on g  ch a i n  fa t ty a c i ds i n  mi l k fa t  as 

h e rb age  a l l owance  decrea s e d .  B ryant  a n d  Cook ( 1 977 ) fo und  that  th e 

m i l k fa t  content  i n c reas e d  s 1 i gh t ly  when  h e rbage  a 1 1  owance  o ffe red was 

' 
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g re a te r  th a n  40  k g  OM cow- l B ry an t ' s  d a ta s ugges t tha t  the re may 

be e ffec ts o f  s tage  o f  l a c tat i on o n  th e res pon se  o f  m i l k  compos i ti on 

to h erba ge a l l owance var i a ti on  ( B ryan t ,  1 9 79 ) . I n  e ar ly  l a cta ti o n  

both the m i l k fa t  a n d  m i l k  p rote i n concen trat i on s  dec rea s e d  a s  

h e rbage a l l mvan ce decrea sed , wh ereas  l a ter i n  th e i r l a cta ti on  b o th 

o f  the s e  i n c rea s e d  as h e rbage a l l ow a n ce was  dec reas e d .  

Th e re a p p e a red  to b e  l i ttl e o r  n o  l onge r- te rm e ffe c t  o f  the 

re s tri ct i o n  of  i n take  on the mi l k f a t  content  d ur i ng  the rema i nder  o f  

th e l actat i on . I n  t h e  v1eek i rrme d i a te l y  a fte r the va ri a t i on o f  

he rbage a l l owance cea sed  the m i l k f a t  concentrat i ons  o f  th o s e  cows 

th a t  we re p re v i o u s l y  res tr i cted  we re s l i gh tl y  b u t  not  s i g n i fi c a n t l y  

l ower  tha n th o s e  cows th a t  we re o ffered t h e  h i gh a n d  modera te 

a l l owance s . Th i s  trend d i d not  c o n t i n ue howeve r .  Some o th e r  

re s e a rchers  h a ve note d  a s i gn i fi cant  depres s i on i n  mi l k fa t  con te n t  

fo l l ow i ng  a res tr i ct i on o f  herb age  i n take  i n  e a r l y  l acta t i on  

( G ra i nger  and  W i l h e l ms , 1 9 79 ; B ryant  a n d  Tri gg , 19 79 ) . 

I t  i s  apparent  tha t th e e ffect  of  vari a ti on o f  herbage a l l owa nce  

on  th e fa t con cen tra t i on i n  mi l k  i s  n ot  l a rge , b u t  may b e  s i gn i fi ca n t  

i n  s ome i n s ta n ces  depend i ng  upon s uch  fa c to rs a s  the s tage  o f  

l a cta ti o n ,  the body cond i t i on o f  t h e  cows , a n d  the mi xture  o f  b re e d s  
us ed i n  th e e x pe r i men t .  B ryan t ( 1 9 79 ) , ca l c u l a ted  th a t  a 50% 

reducti on of i n ta ke  i n c reases  on a v e rage  the fa t content  of mi l k  by 
0 . 4 u n i ts . Res tr i ct i on of  h erb age  a l l owance wo u l d h ave to be  v ery 

s e ve re b e fore  a 50%  reduc ti on i n  h e rb a ge i n ta ke cou l d be a ch i eved . 

The e ffe ct o f  th e vari a ti on o f  h e rbage  a l l owance on  th e mi l k  

p rote i n conte n t  was more p ronounced  th an th e e ffec t  on mi l k fa t  co n te n t .  

Wh i l e  there  was  n o  s i gn i fi cant  d i fference i n  the p ro te i n content  o f  

th e mi l k  p ro d u ce d  by th e cows o ffe red  the  h i gh and  mode rate a l l owan ces , 

the res tr i c t i o n  o f  h e rbage a l l ow a n ce to 1 3 . 5  kg OM cow- l res u l ted  i n  

a s i gn i fi c a n t  re duct i on of  mi l k  p ro te i n content , ( 0 . 3  u n i ts , P < 0 . 0 1 ) ,  

a n d  m i l k  p rote i n  y i e l.d .  S i mi l a r re s po n s es to the  vari a t i on o f  

h e rbage a l l owance  on mi l k  p rote i n content  we re ob ta i ned by S tobbs  

( 19 7 7 ) , B ry a n t  and  Cook  ( 19 7 7 ) , G ra i n ger  and W i l he l ms ( 19 7 9 )  and  

B ryant  a nd  Tri gg  ( 19 7 9 ) . There were n o  s i gn i fi cant  effe c ts o f  

v a ri a ti on  o f  h erbage a l l owance o n  m i l k  p rote i n  con tent  i n  the 



e xperi ments by Green ha l gh et  a l . ( 1966 ) a nd  Combe l l as and  Hodgs on 

( 1 9 79 ) . 
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T h e  l ac k  o f  res pon s e  of  mi l k  p ro te i n content  a n d  y i e l d t o  a n  

i n crease  i n  d a i l y  h e rbage  a l l owance above 3 3  k g  O M  cow- l occ u rred 

de sp i te the i ncrease  i n  the  energy and  crude  p ro te i n i n tak e . As 

h erbage  a l l owance i n crea s ed sma l l e r p roport i on s  of th e di e ta ry N 

we re re covere d  a s  N i n  m i l k  p rote i n  s u gge s t i n g  th at  there was 

i n creas ed  use of d i etary N fo r funct i ons oth e r  than mi l k  product i on , 

o r  i n creased  I>Jas  tage  of  d i etary N .  Paq uay e t  a 1 .  ( 19 7 3 )  noted  

th at  i n  s ome i n s ta n ces  the  i n creased  N con s ump t i on of  da i ry cows o n l y  

s e rved t o  enh ance t h e  u r i nary N o u tput , a nd  d i d  n o t  a l te r m i l k  o r  

mi l k  p rote i n y i e l d s .  

The  e xami na t i on o f  any pos s i b l e  carry -o ve r  effec t  o f  underfee d i ng 

on  mi l k  prote i n y i e l d was not pos s i b l e , a s  th e mi l k  p rote i n con te n t  of 

the mi l k  p roduced i n  th e pos t-expe r i menta l  per i od was not  meas u red . 

4 . 2 . 5  L i vewe igh t  a nd  Body Cond i ti on Changes 

The two me thods  used  to exami ne l i vewe i g h t  ch ange  d uri ng th e 

expe ri menta l per i od p ro v i ded s ome confl i c t i n g  trends i n  l i vewe i g h t  

change dur i n g  the exper i men t .  The  u s e  of  unfas ted wei g h ts s howed 

th a t  the cows o ffered the l ow a l l owance l os t  l i vewe i ght  at the 

ra te of  0 . 3  k g  cow- 1 day- l  Wh i l e  th i s  cou l d be a ttri b u ted  to th e 

effec ts of  g ut- f i l l , the mea s u red  l os s  of  body cond i t i on wou l d s u p port  

the  unfas te d  l i vewe i g h t  data . 

I n  contras t ,  the  use  of  fas ted l i vewe i gh ts s ug ges te d th a t  th e 

cows o ffe re d th e l ow a l l owa n ce h a d  g a i ned  we i gh t  s l i gh t l y . The  

me th od  of fas t i n g  a nd  we i gh i ng us ed  was  s i mi l a r to  tha t  repo rte d by 

B ryant  ( 19 7 7b ) . T he  prob l em w i th us i ng th i s  me th od came a t  t he  end  

of th e t reatme n t  pe r i o d  when  there were  th ree g roups  of cows w i th 

th ree d i ffe re n t  l eve l s of  g u t- f i l l .  I t  was  fel t th at  fas t i ng  the  

cows i mmed i a te l y  wo ul d b i a s  th e we i gh ts i n  fa vour  of  th e cows 

p rev i o us l y  offe red the  h i gh a l l owance , as they h a d  the l a rger  g u t- f i l l  

and  1 8  h o u rs wou l d not  be s uff i c i ent  fo r them to l oose  i t  a l l .  

I t  was  dec i ded to a l l ow the cows to eq ua l i ze the i r gut- fi l l  by h a v i n g  

them g ra ze tog e th e r  f o r  th ree days . The  res u l t of  th i s  was  tha t the  
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cows p re v i o u s l y  o ffered the l ow a l l owance res to red th e i r g u t- fi 1 l  to 

l e ve l s  w here a fte r fa s t i ng  th e c ows wei ghed  mo re than they h a d  th ree 

days p rev i ou s l y  w i tho u t  fas ti ng . Beca u s e  th e unfa s ted l i vewei gh t 

data co rres ponded mo re cl os e l y  to the  cond i t i on s core da ta , i t  was 

fe l t  that i t  wo u l d be  used  as the  e s ti ma te of l i vewe i gh t change  

g i ven the  l i m i ta t i ons  caused by d i fferi ng  g u t- fi l l . 

The  d i fference  i n  th e ra te o f  l i vewe i gh t change  between the 

cows o ffe red the h i g h  and  mo de rate a l l owances  was  s i gnf i cant  at th e 

10% 1 e ve 1 , a n d  was  the on l y  s i gn i f i cant  d i ffe rence bet�t1een the t�t1o 

g roups  of  cows c a us e d  by th e var i a t i on of  h e rbage  a l l owance . Th i s  

d i ffe rence s uppo rts th e e st i mates  o f  h erbage i n take made fo r th e s e  

g roups  o f  cows wh i ch s ugges t that  t h e  cows o ffe red th e h i gh a l l owance 

cons ume d a p p rox i mate l y  1 . 5  kg  DM cow- 1 day - 1  mo re th a n  tho s e  offered  

the  moderate a l l owance . Th e advantages  from offe ri n g  th e h i gh 

h e rb a ge a l l owance i n  te rms o f  th e b etter cow cond i ti on  a t  th e end  

of  the  t reatmen t  per i od h a ve to  be  cons i de red . T here may be  s ome 

l onger  te rm bene fi ts from th e h i gh e r  h e rbage  a l l owance i f  th i s  

d i ffe re nce  i n  con d i ti on s co re ( 0 . 6  of one cond i ti on s co re )  were to be  

ma i n ta i ned . 

The  mon i tori ng  o f  cow body cond i t i o n  and  l i vew e i g h t  d i d not  

co nt i n ue th roughout  l a ctat i on . An e s t i ma te o f  cond i ti on s co re was  

ava i l a b l e for the cows one mon th b e fore the end  of  l acta ti on ( 3/4/ 79 ) , 

th i s  e s t i mate b e i ng  the me a n  of  3 3  s core rs ( I . r� .  B rookes , pe rs . comm . ) .  

At th i s  s ta ge o f  l a cta ti on th ere was  ve ry l i tt l e d i fference amon�1 s t  

the th ree groups  of  cows i n  the i r mean  body cond i t i on a l though  th e 

cows  p re v i ous l y  offe red th e h i gh a l l owance were i n  s l i gh t l y  be tte r 

con d i ti on overa l l  ( Ta b l e 3 . 1 7 ) . Duri ng  th e l actat i on the re h a d  been 

a cons i derab l e i mpro vement  i n  th e body cond i ti on of th e c ows p rev i ou s l y  

offe red the l ow a l l owance b u t  th e re was  no  change  and  s ome l os s  o f  

body cond i t i o n  fo r the  cows o ffe red the  h i gh a n d  moderate a l l owances . 

Th i s  s upports the  data of F l ux a nd  Patch e l l ( 19 5 4 ) , Wa l l a ce ( 19 5 7 ) , 

Patche l l  ( 19 5 7 ) , Gra i nger  a n d  W i l h e l ms ( 19 79 ) , a nd  B ryan t and  Tr i g g  

( 19 79 ) , who a l l noted t h a t  cows th a t  h a d  prev i o us l y  been unde rfe d a n d  

h a d  l os t  l i vewe i gh t  a ppea red  t o  compens a te fo r th i s  when re turned  to 

norma l feed i n g , by h a vi n g  h i gh e r  ra tes of l i vewe i gh t g a i n .  
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There a ppea red to b e  n o  s i g n i fi c ant  benefi t from the e xtra 

cow cond i t i on obta i ned  by offe ri n g  th e h i gh a n d  mode ra te a l l owances  

dur i n g  the fi ve week  expe ri men ta l  pe r i o d . The extra con d i t i on d i d 

not  re s u l t i n  s i gn i f i c a n t l y  h i gher  body con d i t i o n s  towards th e e n d  

o f  l ac ta t i on , n o r  d i d i t  s i gn i fi can t l y  i n crea s e  m i l k  p roduc t i on  

d u r i n g  th e l actat i on , over  thos e cows th a t  h ad l o s t  s i g n i f i c a nt  

amounts  of  body con d i t i on  du r i n g  the expe r i me n t a l  peri od . 

4 . 3  The Res p o n s e  of  Cows  of Di ffe ren t  Phenotypes 

to V a r i at i on i n  Herbage  A l l owance  

Th e i n teres t i n  the  eva l uat i on of  th e res pons e o f  ' h i gh '  a n d  

' l ow '  prod uc i n g cows h a s  a r i s e n  because  o f  th e s tron g  emphas i s  

p l aced  on the gene ti c i mprovement  of  th e New Zea l and  da i ry h e rd , 

th rough  the N . Z . Da i ry B oard 's a rt i f i c i a l  b reed i ng  s e rv i ce . U n t i l 

recent  s t ud i es a t  Mas s ey Un i ve rs i ty l i tt l e i n fo rmat i on ha s  been 

ava i l ab l e  a bout  the  product i on chara cteri s t i c s  of  cows of a h i gh 

b reed i n g i ndex a n d  cows of  a l o1r1 b reed i n g  i n dex unde r the Da i ry 

Boa rd s cheme . 

I n  the Un i ted  K i n g dom i t  seems to b e  a ccepted th a t  the cow 

of g re a ter  da i ry me ri t p roduces  mo re mi l k  from a g i ven amo u n t  o f  

food and  th a t  there i s  g rea ter mi l k  res p o n s e  o b ta i ned p e r  u n i t o f  

extra food from s uch an  a n i mal ( B ro s te r ,  1 9 76 ; B ros ter  a nd  Al denna n , 

1979 ) . I n  New Zea l a n d  th e re i s  no  s uch e v i dence fo r cows of  

h i gher  da i ry mer i t ( i . e .  h i gh b reed i n g i n dex ) , a l though  th ere i s  

a l ready s ome e v i de nce  w h i ch s h owed th a t  cows  o f  h i gh product i on  i n dex 

produce more than  cows of l ow product i on i ndex  ( Da vey and  Ho l mes , 

1 978 ) . Wh i l e  cows of  a known geno type we re n o t  ava i l ab l e  fo r th i s  

expe ri men t , i t  was  fe l t  tha t  an  eva l uat i o n  o f  th e res pons es  of  cows  

of h i gh and  l ow p roduc t i on i ndex to d i f fe re n t  herbage a l l owa nces  

co u l d b e  made . 

I n  the  e xpe r i me n t  cows that  had  been  s e l ected a s  ' h i gh '  

producers bas ed  o n  the i r p rod u ct i on i ndex  p ro duced s i gn i f i c a ntl y more 



fa t-co rrected m i l k  th a n  tho se  that  h a d  been  s e l ected a s  ' l ow '  

pro d u cers ( s ee Tab l e 3 . 1 8 ) . Addi ti ona l l y  th e ' h i gh '  producers  
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ha d s i gn i f i ca n t l y  ( P < 0 . 1 ) l ower ra tes o f  l i v ewe i g h t  ga i n than  th e 

l ow p roducers , s ugges t i ng  th at  the pa rt i t i on  of  d i e ta ry ene rgy i n  

fa vour  of mi l k  p roduc t i on ra th er than l i vewe i gh t  change occured  w i th 

the ' h i gh '  p rod uc i n g cows . The mul t i p l e reg res s i on equat i o n s  

s uppo rted th i s  a n a l ys i s  w i th i n crea se s  i n  l i feti me product i on i ndex  

ha v i n g  a negat i ve but  non- s i g n i fi cant  effe c t  on l i vewe i gh t  ga i n  and  

a negati ve effe c t  ( P <  0 . 1 ) on  cond i t i on  s co re change . 

B ro s te r  a n d  A l derma n ( 1 9 79 ) i n  a d i s c us s i on of the n u tr i e n t  

req u i reme n ts o f  th e h i gh y i e l d i n g cow s ug ge s t th at  the h i g h e r  th e 

y i e l d potent i a l  o f  a cow the g reater  i s  the output  of  mi l k  from a 

g i ven amo un t  o f  food . T hat  the h i gh e r  y i e l d i ng cows res pond be tte r 

to ex tra fee d i n g  i s  not  s upported by th e e v i den ce of th i s  expe r i men t .  

The  fa t-corre c ted mi l k  p roduct i on o f  the cow s  s e l e cted a s  ' h i gh '  

p roducers d i d not  d i ffe r  s i g n i fi can t ly  when  th e s e  cows we re o ffe red 

th e di fferen t h e rb age a l l owances . T h e  ' l ow '  p roducers i n c reas ed  

th e i r mi l k  p ro d u c t i on  b y  0 . 1 5 5  k g  F CM for each  k g  D M  offe red per  

cow ( P <  0 . 0 5 ) . T he  a b i l i ty o f  h i gh p rod u c i ng  cows to ma i n ta i n th e i r 

mi l k  p roduct i on when  offered the l owes t a l l owance appears to b e  due  

to the g rea te r  l o s s  of l i vewe i gh t  a n d  c o n d i ti on s core b y  the s e  cows 

compared w i th tho s e  offered the h i g h e r  a l l owances . I t  a ppears th a t  

body con d i t i on  \va s  l os t  i n  order to ma i n ta i n  mi l k  product i o n a t  a 

l e ve l wh i ch w a s  n o t  s i g n i fi cant ly  d i ffe re n t  from th e h i gh p ro d uc i n g  

c ows offe red the  o th e r  a l l owa nces . 

The i n fo rma t i on t h at  cou l d be  o b ta i ned  f rom th i s  exper i men t was  

l i mi ted  by the  i n a b i l i ty to mea s u re i nd i v i dua l  DM i n ta kes a n d  by 

the l i mi ted  n umbe r  of c ows used . S e l e c t i n g  ' h i gh '  and ' l ow '  

produc i ng cow s  on  the b as i s  of  l i fe t i me p roduct i on  i ndex , e s p e c i a l l y  

from an expe r i men ta l  h e rd , was n o t  a who l l y s a ti s facto ry way o f  

determi n i ng  cow meri t .  Some cows s e l e c te d  a s  ' l ow '  p roducers h a d  

compa rab l e l eve l s  o f  p roduct i on  w i th c ow s  s e l ected a s  ' h i g h ' 

producers wh en  they we re o ffe red h i gh p a s ture a l l owances , s ug ge s t i n g  

tha t  p rodu ct i o� h a d  p re v i ous l y  b e e n  l i m i ted b y  p rev i ous  expe r i menta l  

t reatme n ts . 
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The i n fo rma t i on obta i n e d  on  the d i ffe ri ng  res po n s es o f  cows 

of h i gh and  l ow p henotype from th i s  e xper i men t  ra i s e s  more q ue s ti o n s  

t h a n  i t  a nswers due  t o  the l i m i te d  n umbe r  o f  cows us ed , a nd  the  

means  by wh i ch cows were s e l e cted . The data does  h i gh l i gh t  s ome 

pos s i b l e  d i ffe ren ces i n  th e c h a ra ct e ri s ti cs  of mi l k  produc t i on by 

cows of  ' h i gh '  a nd  ' l ow '  meri t for m i l k  p roduct i on . 



CHAPTER  F I V E 



CON CLUS I ONS 

- 1 Mea n  d a i l y  h e rbage  a l l owa n ces o f  5 3 , 33  a n d  1 3 . 5  kg  OM cow 
- 1  res u l ted i n  mean  h e rb age i n ta kes  o f  1 5 . 8 , 14 . 3  a nd  9 . 6 k g  OM cow 
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As h erba ge a l l O\'Ia nce  i n c reas ed the mea s u rement  of herbage  i n ta k e  

b ecame i n c rea s i n g l y  i n accura te , b u t  the  mean  es ti mates of  i n take  were 

cons i de red sa t i  s fa c to ry for the  p u rpo s es o f  the exper i me n t  a n d  we r·e 

s u ppo rted by data ob ta i ned  by Ve rnon  ( 1979 ) a n d  e st i ma tes o f  ene rgy 

b a l a nce . The  re l a t i o n s h i p  b e tween  h erb age  a l l owance and  h e rbage 

i n take was  a symptot i c w i th very l i ttl e ex tra herbage  i n take  obta i ned  

when  cows we re offered a d a i l y  h e rbage  a l l owance grea te r th a n  33 k g  
- 1  1 OM cow . A d a i l y  a l l owance o f  more th a n  33  k g  OM cow- mea n t  

th a t  th e cows we re cons umi ng  l es s  t h a n  40% o f  t h e  h e rbage  o ffered 

to th em e ach  day ( F i g .  3 . 2 ) . T h i s  mea n t  h i gh l eve l s  o f  res i d u a l  

h erbage  rema i n ed after  g ra z i n g . Low g ra z i ng  i n tens i ti es b ro ugh t 

about  by o ffe r i n g  h i gh h erbage  a l l owances  may p res ent  p a s ture 

managemen t  p rob l ems , a n d  a s ub s eq ue n t  de te r i ora ti o n  of  p a s t u re 

q ua l i t� w i th l i tt l e  benef i t to the cow i n  te rms of  e xtra h e rb age 

i n take . 

The  d a ta o b ta i ned i n  th i s  e xp e ri me n t  a re con s i s te n t  w i th 

oth e r  e xperi men ts re l a t i ng  h erb a ge i n ta k e  to h e rb age  a l l owance 

( F i g .  4 . 1 ) ,  a l though i t  i s  a p p a re n t  th a t  h erb age a l l owa n ce , expre s s ed 

as  k g  OM cow- l does not  neces s a r i l y  re fl e c t  the l i k e l y  h e rb a ge i n ta k e  

from th a t  a l l owan ce beca use  o f  o th e r  p a s t u re c haracter i s ti cs  th at  

i n fl uence  h erb age  i n ta ke . Re l a t i n g  res i d u a l  h e rb a ge y i e l ds to 

h erba ge i n take  a l s o  h a s  l i mi ta t i ons  upon  i t  c a us e d  by the 

ch a ra c te r i s ti cs o f  the herb age  be i ng  g ra zed ( F i g .  4 . 2 ) . 

I n c reas i n g d a i l y  herbage  a l l owance res u l ted i n  a n  i ncrease  i n  the 

N : con ten t of  the herbage t hat  was  s e l e cted by the cows . Howe ve r 

the n u tri t i ona l s i gn i fi ca n ce o f  th i s  was  not  c l e a r . As  h e rbage 

a l l owance i n creas e d , the  percenta ge of  the N cons ume d  by the cows  th a t  

w a s  recove red i n  m i l k  prote i n  fe l l . Th e data s ugges t th at  a s  h e rbage  



a l l owance  i nc reases , cows  h ave a grea ter opportun i ty to s e l e c t  

prefe rred h erbage . 

I n cre as i ng da i l y h erbage  a l l owa nce from 3 3  to 5 3  kg OM cow- l 

d i d  no t res u l t i n  any s i g n i fi c a n t  i nc rea s e  i n  mi l k ,  m i l kfa t or  

mi l k  p ro te i n  y i e l d p er  cow . On a per ha . ba s i s , 32  l es s  cows were 
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g ra z i ng th e h i g h a l l owance each  day , a n d  th e s l i g h t  i nc reas e i n  

p rod u c t i o n  p er  cow was no t s uffi c i en t  to offs e t  the l os s  i n  p roduc ti on 

per h a  . .  P roduc t i o n per u n i t a rea was further  i n c rea sed  by 

re s tr i c t i ng h erbage a l l owa nce to 1 3 . 5  k g  DM c ow- 1 , b u t  th i s  mea n t  a 

s i g n i f i c a n t  l os s  i n  mi l k ,  fa t a n d  prote i n produ c t i on  per  cow , a s  we l l  

a s  s i g n i f i ca n t  l os s es i n  c ow l i vewe i g h t  and body cond i t i on .  Th ere 

wa s no e ffec t of  th i s  res tr i c t i on  on mi l k fa t  produ c t i o n  for th e 

re rm i nder  of  the l a c ta t i o n , a l though th e l i mi ted  n umb er  of cows u sed  

mea n t  th a t  f i nd i ng  a s i g n i fi c an t res i dua l  e ffe c t  was  un l i ke ly . A 

poor  under�and i ng  of  th e f a c tors  affec ti ng res i du a l  e ffec ts caused  

by  ea r l y  l ac tat i on  u nde rfeed i ng i s  ev i dent  i n  the  l i tera ture , a l though  

B rya n t  and  Tr i gg ( 1 9 79 ) h a ve meas ured a ch a nge  o f  energy part i ti on i n g 

i n  cows  s ub s eq u e n t  to u nde rfeed i ng .  

The res pons e i n  m i l k  p roduc ti on to herbage  a l l owance was 

con s i s tent  w i th o ther  exper i me n ts i n  th a t  there \va s  very l i t tl e 

ex tra m i l k  y i e l d obta i ned by o ffe ri ng h e rbage a l l owa nces g rea ter th a n  
10 k g  D M  cow- l fo r C O\'IS p rod uc i ng  1 5  - 1 8  kg  m i l k  day - 1 ( F i g .  4 . 3 ) . 

P re v i ous  u n de rfeed i ng may h a ve l i mi ted th e res pons e of th e cows to 
e x tra herbage offered i n  th i s  expe r i men t .  

As herbage a l l owa nce i ncrea sed the cows became l es s  effi c i e n t  

i n  terms of  th e dry matte r  cons umed per k g  mi l k fa t  p roduced . Th i s  

was  p robab l y  re l a ted to the i nc reased  amo u n t  of  d i e ta ry ene rgy be i ng 

used fo r l i vewe i g h t  g a i n a s  a l l owance i nc reas e d . 

Cows w i th a h i g h  l i fe t i me p roducti o n  i n dex p roduced mo re 

fa t- correc ted mi l k  than  c ows  w i th a l ow l i fe ti me p roduc ti on  i ndex , 

a t  each  herbage a l l owa nce . There we re no  s i gn i fi ca n t  d i ffe rences  i n  

the  FCM y i e l d amongs t the  ' h i g h '  p roducers  a s  a res u l t of  var i a ti on  

of  h erbage a l l owance , a l though  th e ' h i gh '  p ro d u cers  offered the  l ow 

a l l owa nce l os t  cons i derab l e amoun ts o f  body cond i t i on to ma i n ta i n  

the i r mi l k  y i e l ds .  The  ' l ow '  p roducers g a i ned  more l i vewe i gh t ,  



( o r l os t  l es s  l i vewe i g h t )  t h a n  1 h i gh 1  p ro d u c e rs a t  e a c h  a l l ow a n c e , 

a n d  s i g n i f i ca n t l y  r e d u c e d  FCM y i e l ds a s  h e rb a ge a l l ow a n ce was 

dec re a s ed . 

T h e  d a t a  s u g g e s t t h a t  a comp romi s e  i s  n e c e s s a ry w i th res p e c t  

to th e n e e d  fo r h i gh l e v e l s o f  m i l k  p r o d u c t i o n  p e r  c ow i n  e a rl y 

l a c t a t i o n , h i gh y i e l ds o f  m i l k  s o l i ds p e r  h a . a n d  t h e  a g ron omi c 
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re q u i reme n ts f o r  p a s t u re p r o d u c t i o n . An o b j e c t i v e  o f  e a r l y  l a c ta ti o n  

ma n a geme n t  s h o u l d n o t  b e  t h e  a c h i eveme n t  o f  h i gh p e a k  p rod u c t i o n  p e r  

c ow i f  t h i s  me a n s  th at s to c k i n g r a t e  i s  d e c rea s e d  to a p o i n t t h a t  

p ro d u c t i on p e r  h a . i s  s a c r i f i c e d , a n d  t h e  u t i l i z a t i o n  o f  p a s t u re OM 

f a l l s .  
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0 . 1 4 

Append i x I 

An examp l e  o f  th e s ub d i v i s i on of  an  a re a  o f  

to o ffe r the th ree da i l y herbage  a l l owa nces  

E xam� l e  P a s ture : 60m wi de , 1 50m l o ng  

Es t imate d  O M  y i e l d = 

Trea tmen t 

Low Ho d e ra t e  

T r a n s ve r s e  F e n c e  

2 9 7m2 6 7 9m2 

8 . 4m 0 . 3 2 l 9 . 2rn 

60rn 

1 4 3  

p a s  tu re i n  o rder 

7 800m2 

3000 kg  - 1  OM ha . 

H igh 

I 

) 50m 
-

l l 4 6m 2 

0 . 5 4  3 2 . 4m 



Appe n d i x  I contd . 

Area 

60  x 0 . 54 = 32 . 4m w i d th o f  h i g h a l l owance a rea  

60  x 0 . 3 2 1 9 . 2m w i d th of  mo de ra te a l l owa nce are a  

60  x 0 . 14 8 . 4m w i d th o f  l ow a l l owa nce a rea 

Req u i red i n  orde r to offer  5 5  kg  OM - 1 - 1 cow day 

OM to be offe red = 6 X 5 5  = 
330 kg OM 

= 0 . 1 1 h a .  
2 or  l lOOm 

h -
1 3000 kg OM a .  

Area Req u i red i n  o rder to o ffe r 
- 1 35  kg OM cow day - 1 

OM to be  offe red = 6 X 35  = 
2 1 0  kq  OM = 0 . 0 7  ha . - 1 o r  

3000 kg OM h a . 

Area Req u i red i n  orde r to o ffe r 1 5  - 1 kg  OM cow day - 1  

OM to be offe re d = 6 x 1 5  = 
9 0  k g  or� 

3000 kg  OM h a � 1 
= 0 . 0 3  ha . or  

To dete rm i ne the Pos i t i on o f  the T rans ve rse  Fence ( X ) 

H i gh A l l owa nce = 
1 100 

= 3 3 . 95m  X 32.4 

Modera te A l l owance 700 36 . 46m X = 19 . 2  = 

Low Al l owance 300 35 . 7 lm X = --s.-4 

Mean o f  th ree trea tmen ts = 35 . 4m 

lOOm 2 

2 300m 
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The re fo re the  tra n s ve rs e fence was p l aced a c ros s  the  wi d th of  

th e paddock  a t  35 . 4m from the  boundary fence and  moved u p  35 . 4m e a ch day . 

Th e re fo re the Act u a l  a rea s  offe red we re : 

H i gh A 1 1  owa nce 35 . 4  X 32 . 4  - · 1 146m2 

Modera te Al l owa nce 35 . 4  X 1 9 . 2 = 6 79m2 

Low A l l owance  35 . 4  X 8 . 4  = 29 7m2 
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The h e rb age  y i e l ds were then  meas ured before g ra z i n g  so  th at the  

a c t ua l  h e rb a ge a l l owances  were then k n own . Th i s  sys tem mea n t  tha t  th e re 

was s ome var i a ti on  i n  the actua l h erbage a l l owances  o ffered for  each 

treatme n t  b e tween days . 



Append i x I I  

Th e b l ood  Mg s ta tus of the e xp e ri men ta l cows on  2 1/ 9 / 78 

Trea tme n t  Cow Numb e r  

H i gh Al l owa n ce 2 3  

38 

42 

5 3  

1 1 8 

1 5 7  

Mode rate A l l owance 5 1  

5 6  

1 1 4 

1 2 7  

1 38  

1 44  

Low A l l owance 5 7  

1 1 3 

1 4 1  

1 5 3  

1 99  

2 16 

�_lg_j mg 100ml - 1 ) 

2 . 40 

2 . 6 5  

1 . 6 5  

2 . 20 

1 . 10 

2 . 48 

1 . 80 

1 .  3 5  

1 .  85  

2 . 0 0 

2 . 55 

1 . 0 0  

1 .  85  

1 .  7 5  

2 . 0 5  

2 . 55 

2 . 4 5  

2 . 5 5 

1 46  
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The  c a l i b ra t i on  o f  the E l l i nbank  Pas t u re me te r 

B e fo re Graz i ng . ( n  = 44 ) 

After 

y = 1 120 . 06 + 85 . 9 1 X ( r  = 0 . 82 )  ( P  < 0 . 0 1 )  

where y es ti ma ted  h e rb age y i e l d ( kg OM ha: 1 ) 

X me te r rea d i n g . 

Graz i ng . ( n  = 3 9 ) 

y = 287 . 6 3  + 108 . 72 X  ( r  = 0 . 8 1 )  ( P < O . O l )  

wh ere y e s t i ma ted  h e rb age y i e l d ( k g OM h a : 1 ) 

X = me te r read i n g . 

1 47 
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Appendi x I V  

Tre a tme n t  

H i gh Al l owance 

The mea n  da i l y mi l k ,  m i l k fa t  and mi l k  p ro te i n y i e l ds ( unadj us te d )  fo r each e xper i me n ta l  

cow over  the  3 2  day t reatment  per i od ( Pe ri o d  I I )  a n d  thei r tota l  l a c tat i on M F  y i e l ds 

Cow Mi l k  Y i e l d F a t  Y i e l d P ro te i n Y i e l d  Lactat i on  Fat  Y i e l d 

No .  l i t re s  day - 1  k g  day - 1 kg  day - 1  k g  cow - 1  

2 3  1 4 . 8  0 . 6 5 0 . 5 3 142  
38  1 4 . 8  0 . 59 0 . 52  140 
4 2  1 9 . 8  0 . 85 0 . 70 1 5 4  
5 3  1 5 . 4 0 . 70 0 . 56 1 7 3  

1 1 8  19 . 2  0 . 74 0 . 6 6  1 7 3  
1 5 7  18 . 4  0 . 7 3 0 . 6 1  16 1 

Modera te Al l owance 5 1  1 5 . 5  0 . 74 0 . 6 0  1 89 
56  1 3 . 0  0 . 58 0 . 46 1 59 

1 1 4  16 . 3  0 . 66 0 . 58 1 5 3  
1 2 7  10 . 9  0 . 54 0 . 4 1  80 
1 38 14 . 1  0 .  7 1  0 . 5 1 182 
144 2 3 . 4  1 . 02  0 . 82 2 2 2  

Low Al l owance 5 7  7 . 5  0 . 38 0 . 2 7 89 
1 1 3  1 2 . 0  0 . 5 4 0 . 44 1 3 3  
1 4 1  1 0 . 5  0 . 60 0 . 35 1 5 5  
1 5 3  1 0 . 7 0 . 5 3 0 . 4 1  140 
1 9 9  1 7 . 9  0 . 74 0 . 5 7  1 9 1 
2 16 1 7 . 4  0 . 6 7  0 . 5 7  1 7 1  

...... � (X:) 
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Appendi x V Cow l i vewe i g h ts and  body cond i t i on s co res  b e fo re and  a fte r treatme n t  a n d  

body condi t i o n  at  t h e  e n d  o f  t h e  l a c ta t i on 

Cow L i vewe i g h t  L i vevJe i gh t Con d i t i on Cond i ti on 

T reatmen t  No . ( k g ) ( k g ) S core Score 

7/9 / 78 1 3/ 10 / 78  7 / 9 / 78 1 3/ 10/ 78  

H i gh Al l owance 2 3  347 36 3 4 . 0  5 . 2  
38 289 3 1 9  3 . 5  4 . 5  
42  369  39 3 5 . 5  6 . 2  
5 3  3 2 3  364  4 . 5  5 . 0  

1 18 3 34 358 3 . 5  4 . 0  
1 5  7 36 1 390 3 . 5  4 . 0  

Mode ra te Al l owance 5 1 36 1 396  3 . 5  4 . 5  
56  30 7 32 3 4 . 0  3 . 7  

1 1 4  36 1 3 9 3  4 . 0 4 . 2  
1 2 7  3 1 5  32 3 3 . 5  4 . 8  
1 3 8  340 354  3 . 5  4 . 0  
144  450  4 3 7  4 . 5  4 . 3  

Low A 1 1  owance  5 7  294  2 89 3 . 0  3 . 5  
1 1 3  40 5 4 1 2  4 . 0  4 . 8  
1 4 1 2 78 264  3 . 5  2 . 0 
1 5 3  34 3 32 3 4 . 0 3 . 4  
199  482 450  5 . 0 4 . 3  
2 16 4 1 4 4 1 1  3 . 0 2 . 2  

Condi ti on  
S co re 

3/ 4/79  

4 . 3  
4 . 4  
5 . 2  
4 . 3  
4 . 2  
4 . 4  

4 . 5  
3 . 9  
4 . 6  
5 . 0 
4 . 2  
4 . 1  

4 . 8  
4 . 9  
3 . 6  
4 . 2  
4 . 3  
4 . 0 

....... � <.0 



Append i x V I  E va l ua t i on  o f  the res pon s es o f  cows o f  

two phenotypes fo r mi l k fa t  p roduct i on 

to var i a ti on of  h e rb age a l l owance 

( 3  x 2 fac to ri a l  a n a l y s i s  of  var i ance ) 

Ana l y s i s of var i a n ce tab l es .  

( a ) Fat  Co rrected  M i l k  Y i e l d 

So urce 

Tota l  

A ( feed offered ) 

B ( cow phenotype ) 

A x B I n te ra c t i on 

E rror 

* 
( P < 0 . 0 5 )  

( b ) L i vewe i gh t Ch a n ge 

Sou rce 

To ta l 

A ( feed o ffe red ) 

B ( cow phenoty pe ) 

A X B I n te ract i on  

E rror 

* *  t ( P  < 0 . 0 1 )  

d . f  s s  

1 7  2 30 . 7 1 

2 6 7 . 84 

1 54 . 88 

2 1 1 . 55 

1 2  96 . 44 

MS 

33 . 9 2 

54 . 88 

5 . 78 

8 . 04 

F 

* 
4 . 22 

* 
6 . 83 

0 .  7 2  NS . 

NS not  s i gn i f i cant  

d . f  s s  MS F 

1 7  4 . 84 
* *  

2 3 . 06 1 .  5 3  1 3 . 34 

1 0 . 38 0 . 38 3 .  34  t 

2 0 . 0 2  0 . 0098 0 . 085 NS  

1 2  1 .  38  0 . 1 146 

( P  < 0 . 1 ) NS = not s i gni fi cant  

1 50 



Appendi x V I  con t d . 

( c ) Cow Con d i t i o n  Change 

Source  

Tota l 

A ( feed  o ffe re d )  

B ( cow phenotype ) 

A X 8 I n teract i on  

Erro r  

* 
( P < 0 . 0 5 ) 

d . f  

1 7  

2 

1 

2 

1 2  

NS 

1 5 1  

s s  MS F 

10 . 30 
* 

4 . 08 2 . 04 6 . 2 8 

0 . 6 8  0 . 6 8  2 . 0 9  N S  

1 .  6 3  0 . 82 2 . 5 1 NS 

3 . 90 0 . 33 

= not  s i gn i fi cant 



P l a te D .  T h e  a re a  o f  p a s t u re o ff e red a t  t h e  H i g h a l l ow a n ce , 

v1 i th a c ompa r i s o n  o f  th e s e ve r i ty o f  g ra z i n g  v1 i th 

the Low a l l ow a n c e . 

P l a te E .  The area  o f  pa s ture o ffe re d a t  th e Low a l l owance , 

w i th a compar i s on o f  the s e ve ri ty o f  g raz i ng  w i th 

the Modera te a l l owa nce . 

1 5 2  
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