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SYNOPSIS

I t  i s  shown th a t  in fo r m a tio n  was r e q u ir e d  on th e  
f a c t o r s  a f f e c t i n g  th e  d a i l y  herbage in ta k e  o f  g r a z in g  
c a t t l e ,  and m ethods o f  e s t im a t in g  h erbage in ta k e  under  
g r a z in g  c o n d it io n s  are r e v ie w e d . A new m ethod w hich  
was d e v is e d  i s  d e s c r ib e d  b y  w hich  th e  h erbage dry  
m a tter  in ta k e s  o f  in d iv id u a l  cows in  sm a ll p l o t s  were 
t o  b e  d eterm in ed  from  th e  d i f f e r e n c e  b e tw e en  th e  y i e l d s  
o f  h erb age  b e fo r e  and a f t e r  g r a z in g  p e r io d s  o f  24 h ou rs  
d u r a t io n . The y i e l d s  were to  be  e s t im a te d  from  
h erb age  sam p les c l ip p e d  by  hand to  ground l e v e l .  The
aim o f  t h i s  method was (a )  to  e l im in a te  b i a s ,  (b ) to  
a l lo w  th e  d e te r m in a t io n  o f  th e  e r r o r s  o f  th e  e s t im a te s  
b y  a n a l y s i s  o f  v a r ia n c e  and ( c )  t o  a c h ie v e  p r e c i s io n  by 
r e p l i c a t i o n  o f  b o th  cows and d a y s .

F iv e  g r a z in g  ex p er im en ts  are  d e s c r ib e d  i n  w hich  
t h i s  m ethod was u sed  to  e s t im a te  th e  h erb age  in ta k e  o f  
A y r sh ir e  c a t t l e  o f  v a r io u s  body w e ig h ts  and m ilk  
y i e l d s  when g r a z in g  sw ards o f  v a r io u s  q u a l i t i e s  and 
y i e l d s  p e r  a c r e .  I n  th e  l a s t  o f  t h e s e  th e  e f f e c t s  o f  
su p p lem en ta ry  f e e d  on  herbage in ta k e  and m ilk  
p r o d u c t io n  are  a l s o  r e p o r te d . A s i x t h  ex p er im en t i s  
d e s c r ib e d  i n  w hich h erb age  o f  a s im i la r  q u a l i t y  to  
t h a t  p r o v id e d  i n  th e  g r a z in g  e x p er im en ts  was c u t  and  
f e d  f r e s h  o r  d r ie d  to  h ou sed  c a t t l e  i n  o r d e r  to  
compare t h e i r  r a t e  o f  in ta k e  w ith  t h a t  e s t im a te d  a t  
p a s t u r e .  F in a l l y  some d a ta  on th e  e f f e c t s  o f  
e x crem en ts  on  p a s tu r e  u t i l i z a t i o n  a re  g iv e n  and an 
e s t im a te  i s  made o f  t h e i r  p ro b a b le  e f f e c t s  a t  v a r io u s  
i n t e n s i t i e s  o f  s t o c k in g .

The r e s u l t s  are  d is c u s s e d  w ith  r e f e r e n c e  to  th e  
r e s u l t s  r e p o r te d  b y  o th e r  w o r k e rs , and i t  i s  con c lu d ed  
t h a t  th e  m ethod o f  in ta k e  e s t im a t io n  u se d  h e r e  g iv e s  a  
h ig h e r  d e g r e e  o f  p r e c i s i o n  th an  m ost o th e r  m ethods and 
i s  r e l a t i v e l y  f r e e  from  b i a s .  The p r e s e n t  
e x p e r im e n ts  are  compared and i t  i s  shown t h a t  a lth o u g h  
th e  d a i l y  dry m a tter  in ta k e  o f  th e  c a t t l e  was i n  
g e n e r a l  r e l a t e d  to  t h e i r  body w e ig h t , th e r e  were



d i f f e r e n c e s  i n  in ta k e  b e tw een  in d iv id u a l  cows w hich  
w ere r e la t e d  to  t h e i r  s t a g e  o f  l a c t a t i o n  and m ilk  
y i e l d .  T h e ir  herb age in ta k e  in c r e a s e d  w ith  
in c r e a s in g  y i e l d s  o f  h erb age  p e r  a c r e  b u t  d e c r e a se d  
w ith  a h e a v ie r  r a te  o f  s t o c k in g  p e r  a c r e .
Su p p lem en tary  f e e d  gave o n ly  s l i g h t  in c r e a s e s  i n  m ilk  
y i e l d  and d e p r e sse d  th e  in ta k e  o f  h erb age  i n  poor  
g r a z in g  c o n d i t io n s .  The dry m a tte r  c o n te n t  o f  th e  
h erb age  was fou n d  to  have no in f lu e n c e  on  th e  amounts 
o f  h erb age  consum ed, b u t th e  cows v a r ie d  t h e i r  w ater  
co n su m p tion  from  day t o  day so  a s  t o  m a in ta in  an  
a lm o st c o n s ta n t  r a t i o  b e tw een  dry m a tte r  and t o t a l  
w a te r  c o n su n p tio n . I t  i s  co n c lu d ed  t h a t  th e  e f f e c t  
o f  h erb age  y i e l d s  and o f  s to c k in g  i n t e n s i t y  on in ta k e  
and th e  lo w  g e n e r a l  l e v e l  o f  dry  m a tte r  in ta k e  w h ich  
was fou n d  r e l a t i v e  t o  a c c e p te d  f e e d in g  sta n d a r d s  may 
b e  a s c r ib e d  to  th e  e f f e c t s  o f  th e  g r a z in g  sy stem  on  
th e  q u a l i t y  o f  herb age consum ed. The n eed  i s  
s u g g e s te d  f o r  s t u d ie s  on th e  o p tim a l s t a g e  o f  grow th  
o f  p a s tu r e  herbage r e q u ir e d  t o  g a in  m axim al o u tp u ts  o f  
a n im al produ ce p e r  a c r e .

Vi.



GENERAL INTRODUCTION

The n eed  fo r  In fo r m a tio n  on th e  h erbage in ta k e  o f  
g r a z in g  c a t t l e

G rass h as become th e  m ost im p o rta n t crop  in  
B r i t i s h  A g r ic u ltu r e .  I t  o c c u p ie s  some 60^ o f  th e  
c u l t i v a t e d  a g r ic u l t u r a l  a r e a , and s u p p l ie s  a lm o st tw o -  
t h i r d s  o f  th e  en erg y  req u irem en t o f  th e  l i v e s t o c k  
p o p u la t io n  ( I 6 9 ) .  I t  h a s b een  found  t h a t  g r a s s la n d  
i s  c a p a b le  o f  g iv in g  h ig h e r  y i e l d s  o f  n u t r i e n t s  p er  
a c re  th a n  a lm o st any o th e r  c r o p , and t h a t  i t  can do so  
a t  a lo w e r  c o s t  p e r  u n i t  o f  n u t r i e n t s .  The im p ortan ce  
o f  t h e s e  c o n s id e r a t io n s  i n  a tim e o f  r i s i n g  c o s t s  o f  
la b o u r  and o f  in p o r te d  f e e d s  has drawn p a r t ic u la r  
a t t e n t io n  t o  th e  p r o d u c t iv i t y  o f  g r a s s la n d  when 
g r a z e d . M ain ly  b e c a u se  o f  th e  s a v in g  i n  la b o u r  w hich  
i s  a c h ie v e d  when g r a s s la n d  i s  u t i l i z e d  b y  th e  g r a z in g  
a n im a l, th e  c o s t  o f  p a s tu r e  n u t r ie n t s  I s  ab ou t h a l f  
t h a t  o f  s i l a g e ,  th e  c h e a p e s t  form  o f  c o n se r v e d  g r a s s ,  
and a s i x t h  o f  th e  c o s t  o f  in p o r te d  c o n c e n tr a te  f e e d s  
( 6 5 ) .  A n oth er  in p o r ta n t  c o n s id e r a t io n  i s  t h a t  g r a s s  
consum ed i n  th e  f i e l d  by  th e  g r a z in g  an im a l u n d ergoes  
no l o s s  o f  n u t r ie n t s  due t o  p r e s e r v a t io n ,  and s ta r c h  
e q u iv a le n t  v a lu e s  a s  h ig h  a s  70 have b een  e s t im a te d  
f o r  t h e  d ry  m a tter  o f  good q u a l i t y  p a s tu r e  herbage  
( 9 7 ,  1 6 3 ) .  F or  t h e s e  r e a so n s  g r a s s la n d  management i s  
b ecom in g more i n t e n s i v e ,  p a r t i c u la r ly  on d a ir y  farm s, 
w ith  th e  aim s o f  in c r e a s in g  o u tp u t p e r  a c r e  and o f  
in c r e a s in g  th e  c o n t r ib u t io n  o f  g r a s s  to  an im al f e e d  
r e q u ir e m e n ts , by  m ethods d e s ig n e d  to  e n su re  a c o n s ta n t  
su p p ly  o f  n u t r i t i o u s  h erbage f o r  a s  lo n g  a p e r io d  o f  
g r a z in g  a s  p o s s i b l e .

A lth o u g h  econom ic o u tp u ts  a s  h ig h  a s  3 5 -4 0  cw t. 
o f  s t a r c h  e q u iv a le n t  p e r  a c r e  have b een  r e p o r te d  (7 5 ,  
7 6 ) ,  th e  n a t io n a l  a v era g e  o u tp u t o f  s t a r c h  e q u iv a le n t  
from  g r a s s la n d  (o v e r  h a l f  o f  w h ich  i s  p a s t u r e ) ,  h as  
b een  e s t im a te d  to  be a s  lo w  a s  12 cw t. p e r  a c r e  (6 4 )*  
W h ile  p r o p e r ly  managed p a s tu r e  i s  c a p a b le  o f  p r o v id in g  
a l l  th e  n u t r ie n t  r eq u ire m en ts  o f  g r a z in g  d a ir y  cows



f o r  m ilk  p r o d u c t io n  ( 1 2 ,  7 6 ) ,  i t  has b e e n  e s t im a te d  
t h a t  i n  E ngland and W ales an a v e ra g e  o f  2 i  l b .  o f  
c o n c e n tr a te s  i s  f e d  f o r  e v e r y  g a l lo n  o f  m ilk  produ ced  
b y cows a t  p a s tu r e  ( 1 1 2 ) .  There i s  o b v io u s ly ,  
t h e r e f o r e ,  g r e a t  need  f o r  im provem ent i n  b o th  th e  
p r o d u c t io n  and u t i l i z a t i o n  o f  g r a s s ,  p a r t i c u la r ly  
g r a ze d  g r a s s .  Much in fo r m a tio n  i s  a v a i la b le  on th e  
p r o d u c t io n  o f  h erb age and on i t s  c o n s e r v a t io n  f o r  
f e e d in g  i n  w in te r  (1 5 9 , l 6 l )  b u t l e s s  a t t e n t io n  h as  
b een  g iv e n  to  th e  u t i l i z a t i o n  o f  p a s tu r e  herb age by  th e  
g r a z in g  a n im a l. An in d ic a t io n  o f  th e  e x te n t  to  w hich  
o u tp u t can be in c r e a s e d  b y  more e f f i c i e n t  m ethods o f  
p a s tu r e  u t i l i z a t i o n  h as b een  g iv e n  b y  w orkers a t  th e  
Hannah I n s t i t u t e  (7 9 )  who o b serv ed  in c r e a s e s  o f  from  20 
to  40^ i n  th e  s t o c k  c a r r y in g  c a p a c ity  o f  p a s tu r e s  when 
th e  c l o s e - f o l d i n g  sy s te m  o f  g r a z in g  was compared w ith  
r o t a t i o n a l  g r a z in g .

The stu d y  and inprovem ent o f  m ethods o f  p a s tu r e  
u t i l i z a t i o n  i s  hampered b y  th e  la c k  o f  a c c u r a te  
in fo r m a tio n  on th e  am ounts o f  h erb age  consum ed by  
g r a z in g  a n im a ls  and on th e  f a c t o r s  a f f e c t i n g  t h e ir  
h erb age  c o n su n p tio n . T h is  in fo r m a tio n  i s  needed  i n  
o rd er  t o  u n d erstan d  and to  m eet th e  r eq u ire m en ts  o f  
g r a z in g  a n im a ls  and to  r e l a t e  th e  s t o c k  c a r r y in g  
c a p a c it y  o f  p a s tu r e s  t o  d ry  m a tte r  y i e l d s  in  th e  
e v a lu a t io n  o f  p a s tu r e  o u tp u t.

The s to c k  c a r r y in g  c a p a c ity  o f  p a s tu r e s  i s  o f t e n  
a s s e s s e d  i n  term s o f  cow -days p er  a c r e ,  b y  w hich  i s  
meant th e  p rod u ct o f  th e  number o f  a d u lt  cows p a s tu r e d  
and th e  number o f  days on w hich th e  p a s tu r e  su p p o rted  
them . To a l lo w  f o r  d i f f e r e n t  c l a s s e s  o f  s t o c k ,  a 
sy s te m  o f  co w-e q u i v a le n t  s  i s  o f t e n  u se d  i n  w hich young  
b a t t l e  o r  o th e r  s p e c i e s  o f  anim al a re  reck on ed  a s  some 
f r a c t i o n  o f  th e  v a lu e  f o r  an a d u lt  cow, w hich i s  ta k en  
a s  u n i t y  (1 3 ,  1 5 3 , l 6 0 ) .  The cow -day v a lu e s  are  
c o n v e r te d  to  a dry m a tte r  y i e l d  on th e  a ssu m p tion  th a t  
g r a z in g  an im a ls consume th e  amounts o f  dry  m a tter
I
s t i p u l a t e d  by a c c e p te d  f e e d in g  s ta n d a r d s . T h ese ,

2 .



h ow ever, a l lo w  g r e a t  l a t i t u d e ,  b e c a u se  hou sed  c a t t l e ,  
from  w h ich  th e  s ta n d a r d s  a re  d e r iv e d ,  show g r e a t  
v a r ia t io n s  in  dry  m a tte r  in t a k e ,  d ep en d in g  m a in ly  on 
th e  q u a l i t y  o f  th e  f e e d .  The few  e s t im a t io n s  o f  
in ta k e  t h a t  have b een  made w ith  g r a z in g  c a t t l e  show  
e v en  g r e a te r  v a r i a b i l i t y ,  d ep en d in g  on th e  
d i g e s t i b i l i t y  o f  th e  s p e c ie s  o f  h erb a g e  g ra zed  ( 5 8 ) ,  
th e  s ta g e  o f  grow th  o f  th e  h erb age  and th e  g r a z in g  
sy s te m  (1 5 8 )  and on th e  y i e l d  o f  h erb age  p e r  a c r e  (8 5 )  
A *cow -day*, t h e r e f o r e ,  can n ot b e  assum ed to  r e p r e s e n t  
any f i x e d  amount o f  dry m a tte r .

To a l lo w  f o r  v a r ia t io n s  in  a p p e t i t e  and a l s o  in  
th e  f e e d in g  v a lu e  o f  th e  h erb age  consum ed, th e  o u tp u t  
o f  p a s tu r e s  may b e  e s t im a te d  i n  t e r n s  o f  u t i l i z e d  
e n e rg y  or  d i g e s t i b l e  n u t r i e n t s ,  u s in g  a c c e p te d  f e e d in g  
s ta n d a r d s  to  c a l c u l a t e  th e  amount o f  n u t r ie n t s  w h ich  
m ust have b een  consumed to  m a in ta in  th e  a n im a ls  and to  
p rod u ce  th e  r e c o r d e d  m ilk  y i e l d s  and g a in s  i n  body  
w e ig h t (9 5 ) -  (The n u t r ie n t  c o s t  o f  g r a z in g  a c t i v i t y  
i s  n o t known, and th e  a llo w a n c e  when made i s  a r b it r a r y  
b u t  s u b s t a n t ia l  ( 1 6 3 ) ) .  The s t a r c h  e q u iv a le n t  
assum ed f o r  any su p p lem en tary  fo o d  f e d  i s  u s u a l ly  
d ed u cted  from  th e  e s t im a te d  p a s tu r e  o u tp u t , a lth o u g h  
t h i s  i s  q u it e  a r b i t r a r y ,  s in c e  th e  e f f e c t i v e  s t a r c h  
e q u iv a le n t  v a lu e  o f  th e  su p p lem en t i s  n o t  known. 
S im i la r ly  i t  i s  n o t  known w h eth er su p p lem en tary  f e e d  
i s  consum ed by  g r a z in g  a n im a ls  in  a d d it io n  to  t h e i r  
norm al f i l l  o f  h erb a g e , or  w h eth er  i t  d e p r e s s e s  t h e i r  
h erb age con su m p tion .

The r e a so n  f o r  th e  la c k  o f  in fo r m a tio n  on th e  
f a c t o r s  a f f e c t i n g  th e  herbage in t a k e  o f  g r a z in g  
a n im a ls  p ro b a b ly  l i e s  a s  much i n  th e  t e c h n ic a l  
d i f f i c u l t i e s  o f  i t s  e s t im a t io n ,  w h ich  w i l l  b e  
d is c u s s e d  l a t e r ,  a s  i n  th e  f a c t  t h a t  th e  g r e a t  
im p ortan ce  o f  g r a s s la n d  conpared  w ith  o th e r  c ro p s  h as  
o n ly  r e l a t i v e l y  r e c e n t ly  b een  r e a l i s e d .  I t  was 
d e c id e d  to  a tte m p t to  remedy th e  d e f i c i e n c y  so  f a r  a s  
p o s s i b l e  b y  u n d e r ta k in g  a s tu d y  o f  some o f  th e  f a c t o r s
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4.
a f f e c t i n g  th e  d a i l y  herb age dry m a tte r  consu m ption  o f  
in d iv id u a l  d a ir y  c a t t l e  o f  v a r io u s  l iv e w e ig h t s  and  
s t a g e s  o f  l a c t a t i o n  when g r a z in g  p a s tu r e s  o f  d i f f e r e n t  
y i e l d s  and q u a l i t i e s ,  and to  d e term in e  th e  e f f e c t  o f  
su p p lem en tary  f e e d  on th e  r a te  o f  h erb age  consu m ption . 
D e t a i l s  o f  t h i s  s tu d y  a re  g iv e n  i n  th e  p r e s e n t  t h e s i s .

The P la n  o f  th e  T h e s is

The T h e s is  i s  d iv id e d  in t o  th r e e  p a r t s .  P a r t  
1 c o n ta in s  th e  g e n e r a l  in t r o d u c t io n ,  i n  w hich th e  
r e a so n s  f o r  u n d e r ta k in g  th e  work have b een  g iv e n ,
f o l lo w e d  by  a r e v ie w  o f  th e  l i t e r a t u r e  on m ethods o f
e s t im a t in g  th e  h erb age  in ta k e  o f  g r a z in g  a n im a ls  w ith  
p a r t i c u la r  r e fe r e n c e  to  d a ir y  c a t t l e ,  and f i n a l l y  a
d e s c r ip t io n  o f  th e  m ethods ch osen  f o r  th e  p r e s e n t  work

The e x p e r im e n ta l work i s  d e s c r ib e d  i n  th e  se v e n  
s e c t i o n s  o f  P a r t  2 . The f i r s t  f i v e  o f  th e s e  d e s c r ib e  
e x p e r im en ts  i n  w hich  th e  herbage in ta k e  e s t im a t io n s  
were made w ith  g r a z in g  d a ir y  c a t t l e .  The s i x t h  
s e c t i o n  g iv e s  some r e c o r d s  o f  d ry  m a tte r  in ta k e  from  
h ou sed  c a t t l e  f e d  c u t  h erb a g e , f o r  com p arison  w ith  th e  
in ta k e  e s t im a te s  made a t  p a s tu r e . In  th e  se v e n th  
s e c t i o n  some d a ta  c o l l e c t e d  i n  th e  c o u r se  o f  th e s e  
g r a z in g  ex p er im en ts  on th e  s o i l i n g  o f  p a s tu r e s  by  
f a e c e s  and u r in e  are  g iv e n . Each s e c t i o n  i s  p r e s e n te d  
i n  th e  u su a l form  o f  t e c h n ic a l  p a p er s  w ith  an 
in t r o d u c t io n ,  a s e c t i o n  g iv in g  th e  m ethods u sed , 
a n o th e r  g iv in g  th e  r e s u l t s ,  f o l lo w e d  b y  a d i s c u s s io n  
o f  th e  r e s u l t s  and a summary. The d i s c u s s io n  i n  ea ch  
s e c t i o n  i s  l im i t e d  to  c o n s id e r a t io n  o f  th e  v a l i d i t y  
and i n t e r p r e t a t io n  o f  th e  r e s u l t s ,  and a g e n e r a l  
d i s c u s s io n  o f  a l l  th e  ex p er im en ts  i s  g iv e n  in  P a r t 3  
o f  th e  t h e s i s .  T h is  i s  fo l lo w e d  b y  a g e n e r a l  summary 
and a l i s t  o f  r e f e r e n c e s .  The r e f e r e n c e s  a re  r e f e r r e d  
t o  in  th e  t e x t  e i t h e r  by  th e  a u th o r ’ s  name and 
r e f e r e n c e  number or  by  number.

I n  th e  e x p e r im e n ta l s e c t i o n  o n ly  th e  more 
im p o r ta n t t a b le s  and f ig u r e s  are  in c lu d e d  w ith  th e  
t e x t .  D e t a i le d  t a b le s  and s t a t i s t i c a l  a n a ly s e s  a re



g iv e n  i n  th e  A ppend ix  f o r  c o n v e n ie n t  r e f e r e n c e .  T ext  
t a b l e s ,  f i g u r e s ,  and ap p en d ix  t a b l e s  a r e  numbered 
s e p a r a t e ly .  T ab le  numbers q u oted  i n  th e  t e x t  r e f e r  
to  t e x t  t a b le s  u n le s s  o th e r w is e  s t a t e d .

METHODS FOR THE ESTDÆATION OF THE HERBAGE 
DRY lîATTER INTAKE OF GRAZING CATTLE

A. M ethods a p p lie d  to  th e  A nim al

The herbage dry m a tter  in ta k e  o f  g r a z in g  c a t t l e  
may be c a lc u la t e d  from  th e  amount o f  f a e c e s  e x c r e te d  
i f  th e  d i g e s t i b i l i t y  o f  th e  herbage consumed i s  known 
( 5 7 ) .  The amount o f  f a e c e s  e x c r e t e d  may be d i r e c t l y  
m easured  b y  a t t a c h in g  b a g s to  th e  a n im a ls  ( 5 7 ,  1 4 5 , 
1 6 4 ) o r  i t  may b e  e s t im a te d  b y  f e e d in g  a m arker or  
t r a c e r .  T h is m arker or t r a c e r  i s  an i n e r t  
i n d i g e s t i b l e  su b s ta n c e  w h ich  i s  f e d  to  th e  an im al i n  
sm a ll and c o n s ta n t  d a i l y  amounts and w hose  
c o n c e n tr a t io n  i n  th e  f a e c e s  may b e  a c c u r a t e ly  
d e ter m in e d . The amount o f  f a e c e s  e x c r e t e d  i n  a g iv e n  
p e r io d  i s  c a lc u la t e d  a s  th a t  amount o f  f a e c e s  w h ich  a t  
th e  c o n c e n tr a t io n  o f  m arker d e term in ed  would c o n ta in  
th e  amount o f  m arker f e d  d u r in g  th e  same p e r io d .  
S e v e r a l  su b s ta n c e s  have b een  u sed  f o r  t h i s  p u rp o se , 
in c lu d in g  f e r r i c  o x id e  (1 5 ,  1 6 , 5 8 , 9 8 ) ,  an th raq u in on e  
dye (3 5 )  and m o n a s tr a l b lu e  dye ( 3 2 ) ,  b u t  chromium  
s e s q u io x id e  (4 8 )  h a s b een  found  to  b e  th e  m ost 
r e l i a b l e  su b s ta n c e  ( 3 0 ) .  I t  i s  c h e a p , and th e  
d e te r m in a t io n  o f  th e  c o n c e n tr a t io n  in  th e  f a e c e s  i s  
s t r a ig h t - f o r w a r d  ( 1 9 ,  4 7 , 1 4 0 ) . ’ I t  h a s g iv e n  
s a t i s f a c t o r y  r e s u l t s  in  d ig e s t io n  t r i a l s  w ith  a w ide  
v a r i e t y  o f  a n im a ls , in c lu d in g  g o a ts  ( 3 0 ) ,  sh eep  ( 1 ,  2 ,  
6 6 , 1 4 3 ) ,  p ig s  ( 1 0 4 ) ,  h o r se s  ( 1 2 4 ) ,  r a t s  (1 4 0 )  and  
humans ( 8 2 ) ,  and i t s  com p lete  r e c o v e r y  from  th e  f a e c e s  
o f  c a t t l e  h as b een  r e p o r te d  by  s e v e r a l  w orkers ( 8 8 ) .  
T here a r e ,  how ever, d iu r n a l  and day to  day v a r ia t io n s  
i n  th e  c o n c e n tr a t io n  i n  th e  f a e c e s  ( 3 ,  3 0 , 7 0 , 7 1 , 9 1 , 
9 3 , 1 0 8 , 121) w h ich  may ca u se  d i f f i c u l t y  in  o b ta in in g  
r e p r e s e n t a t iv e  sam p les o f  f a e c e s  f o r  a n a l y s i s .
I d e a l l y  a m arker sh o u ld  b e  in t im a t e ly  m ixed  w ith  th e  
f e e d  ( 3 0 ) b u t t h i s  i s  n o t  p o s s ib l e  w ith  g r a z in g
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a n im a ls . The l e a s t  d is tu r b a n c e  to  d a ir y  cows i s  
ca u sed  i f  th e  f a e c e s  sam p les are  ta k e n  and th e  m arker 
i s  f e d  when th e  cows a re  b rou gh t in  f o r  m ilk in g ,  
u s u a l ly  tw ic e  d a i l y .  I n  th e s e  c o n d it io n s  i t  i s  m ost 
c o n v e n ie n t  to  f e e d  th e  marker i n  c a p s u le s ,  b u t t h i s  
in c r e a s e s  th e  v a r ia t io n s  t h a t  o ccu r  i n  th e  r e c o v e r y  o f  
th e  m arker compared w ith  f e e d in g  i t  u n c a p su la te d  (3 7 ,  
1 0 8 ) ,  When th e  f a e c e s  a re  sam pled o n ly  tw ic e  d a i l y  
th e  c o n c e n tr a t io n  o f  m arker in  th e  f a e c e s  sam p les may 
n o t be r e p r e s e n t a t iv e  o f  th e  c o n c e n tr a t io n  o v er  th e  
2 4 -h ou r  p e r io d . F or th e s e  r e a so n s  and b e c a u se  th e  
f a e c a l  o u tp u t v a r ie s  from  day to  day ( 3 0 ,  132) s e v e r a l  
d ays a re  r e q u ir e d  to  o b t a in  an a c c u r a te  e s t im a te  o f  
th e  d a i l y  f a e c a l  o u tp u t (9 9 )*  When g r a z in g  a n im a ls  
are in d iv i d u a l ly  p enn ed , or  when a dye i s  f e d  to  
i d e n t i f y  th e  dung, i t  may be p o s s i b l e  t o  ta k e  sam p les  
o f  a l l  th e  f a e c e s  when th e y  l i e  i n  th e  f i e l d  (3 5 ,  1 3 0 ), 
b u t t h i s  p roced u re a ls o  h as i t s  d i f f i c u l t i e s  (9 9 )*

The d e te r m in a t io n  o f  th e  d i g e s t i b i l i t y  o f  th e  
h erb age may be made i n  a d i g e s t i b i l i t y  t r i a l  p r e c e d in g  
th e  g r a z in g  p e r io d . The d i g e s t i b i l i t y  o f  h erb a g e , 
how ever, chan ges a s  th e  herbage grow s. A l t e r n a t iv e ly  
a d i g e s t i b i l i t y  e s t im a te  may be made c o n c u r r e n t ly  w ith  
th e  g r a z in g  p e r io d , b u t  th e r e  may be d i f f e r e n c e s  in  
d i g e s t i v e  e f f i c i e n c y  b etw een  th e  g r a z in g  an im a ls  and  
th e  a n im a ls  u sed  f o r  th e  d i g e s t i b i l i t y  d e te r m in a t io n .
I n  e i t h e r  m ethod th e  herbage u sed  f o r  th e  d i g e s t i b i l i t y  
t r i a l  w i l l  d i f f e r  from  t h a t  consumed a t  p a s tu r e ,  
b e c a u se  g r a z in g  c a t t l e  s e l e c t  th e  more d i g e s t i b l e  
h erb age  i n  a way t h a t  can n ot b e  s im u la te d  (7 0 ,  7 2 ,
1 3 4 ) .

The d i g e s t i b i l i t y  o f  th e  herbage consumed may 
a l s o  be d eterm in ed  from  th e  r e l a t i v e  c o n c e n tr a t io n  in  
th e  f e e d  and th e  f a e c e s  o f  an i n d i g e s t i b l e  c o n s t i t u e n t  
o f  th e  f e e d .  L ig n in  h as b een  u sed  f o r  t h i s  pu rp ose  
i n  a v a r i e t y  cf r a t i o n s ,  w ith  cows ( 6 3 ,  9 2 ) ,  sh eep  
( 3 4 ,  5 3 , 6 1 , 143) and s t e e r s  ( 3 8 ,  5 2 , 5 3 ) ,  b u t th e r e  
a re  a ls o  many r e p o r t s  o f  i t s  p a r t i a l  and v a r y in g  
d i g e s t i b i l i t y  ( 6 ,  2 1 , 3 9 , 4 2 , 4 9 , 8 7 , 9 0 , H I ,  126) and
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a c o r r e c t io n  m ust b e  made to  a l lo w  f o r  t h i s  ( 1 5 2 ) .  
D i s p a r i t i e s  b etw een  d i f f e r e n t  w orkers i n  th e  r e s u l t s  
o b ta in e d  w ith  l i g n i n  may be p a r t ly  a t t r ib u t a b le  to  
d i f f e r e n c e s  b e tw een  th e  a n a l y t i c a l  t e c h n iq u e s  th e y  
u sed  ( 4 8 ,  5 2 , 5 4 , 1 5 1 ) ,  t o  th e  p r e se n c e  o f  o th e r  
s u b s ta n c e s  w hich i n t e r f e r e  w ith  th e  l i g n i n  a n a ly s i s  
( 1 3 8 ) ,  and a ls o  t o  th e  f a c t  t h a t  l i g n i n  i s  n o t  a 
d e f i n i t e  ch e m ic a l e n t i t y  ( 2 0 ,  1 0 9 , 147) b u t a 
s t r u c t u r a l  component o f  p la n t s  whose c o m p o s it io n  
chan ges w ith  th e  age  o f  th e  p la n t  (1 2 6 )  and w ith  th e  
p la n t  s p e c i e s  (1 3 3 )*  A lth o u g h  l i g n i n  h a s b een  u sed  
w ith  a p p aren t s u c c e s s  i n  d e ter m in in g  th e  d i g e s t i b l e  
fo r a g e  con su m p tion  o f  d e s e r t  range p la n t s  b y  sh eep  
( 3 1 ) i t s  v a lu e  i n  p a s tu r e  s t u d ie s  i s  o b v io u s ly  l im it e d .

As an a l t e r n a t i v e  to  l i g n i n  th e  u s e  o f  p la n t  
chrom ogens or p igm en ts h a s b e e n  s u g g e s te d  (1 3 4 , 1 3 3 ) .  
T h e ir  c o n c e n tr a t io n  i n  th e  f e e d  and f a e c e s  i s  
d eterm in ed  from  th e  o p t i c a l  d e n s i t y  o f  an  a c e to n e  
e x t r a c t  o f  th e  p ig m e n ts , m easured a t  a g iv e n  
w a v e le n g th . There a r e ,  how ever, s e v e r a l  p igm en ts in  
one p la n t ,  and th e y  d i f f e r  i n  d i g e s t i b i l i t y  and 
s t a b i l i t y  ( 1 4 4 ) .  They are  a l l  s u b j e c t  t o  d e g r a d a tio n  
i n  sh eep  (4 0 )  . A s ta n d a r d is e d  w a v e le n g th  a t  w hich to  
m easure o p t i c a l  d e n s i t y  h as b een  s u g g e s te d  to  overcom e  
th e  d i s p a r i t i e s  b etw een  th e  r e s u l t s  o f  d i f f e r e n t  
w orkers (1 3 1 )  b u t th e  b e s t  w a v e len g th  t o  u s e  has b een  
shown t o  v a ry  f o r  d i f f e r e n t  a n im a ls ( 4 0 ) .  T hese  
d i f f i c u l t i e s  m ight b e  overcom e by b r e a k in g  down th e  
p igm en ts t o  t h e i r  i n d i g e s t i b l e  r e s id u e  i n  b o th  th e  
f e e d  and th e  f a e c e s  sam p les and r e g a r d in g  th e  
i n d i g e s t i b l e  r e s id u e  a s  th e  m arker ( 8 9 ) .  A lth o u g h  
s a t i s f a c t o r y  r e s u l t s  have b een  r e p o r te d  w ith  g r a z in g  
a n im a ls ( 1 2 2 ) ,  th e  u s e  o f  chrom ogens o r  any o th e r  
p la n t  c o n s t i t u e n t  a s  a marker i s  c o m p lic a te d  by  th e  
d i f f i c u l t y  o f  o b ta in in g  a sam ple o f  herb age s im i la r  to  
th a t  consumed ( 7 0 ,  7 2 , 1 3 4 ) .

To d is p e n s e  w ith  th e  n eed  f o r  a sa ir^ le  o f  
herb age s im i la r  to  th e  herbage s e l e c t e d  by  th e  g r a z in g  
a n im a l, th e  p o s s i b i l i t y  has b een  shown o f  e s t im a t in g



th e  c o n c e n tr a t io n  o f  a marker in  th e  f e e d  consumed  
from  i t s  c o n c e n tr a t io n  i n  th e  f a e c e s  (1 2 9 , 1 3 5 , 1 3 6 ) .  
B ut t h i s ,  i n  e f f e c t ,  a l lo w s  a d i r e c t  e s t im a te  o f  th e  
d i g e s t i b i l i t y  o f  th e  fo o d  consumed t o  b e  made from  th e  
c o n c e n tr a t io n  o f  c e r t a in  p la n t  c o n s t i t u e n t s  i n  th e  
f a e c e s  ( 9 8 ,  1 3 6 ) .  T hese have b een  g iv e n  th e  name 
’F a e c a l  In d e x ’ s u b s ta n c e s  ( 1 3 1 ) .  P a r t i a l  
d i g e s t i b i l i t y  o f  th e  su b sta n c e  i s  o f  no a cco u n t i n  
t h i s  m e th o d .S ig n if ic a n t  c o r r e la t io n s  have b een  found  
b e tw e en  th e  d i g e s t i b i l i t y  o f  th e  f e e d  and th e  c o n te n t  
i n  th e  f a e c e s  o f  s e v e r a l  p la n t  c o n s t i t u e n t s  (1 3 1 , 1 3 8 , 
139 ) • Those w h ich  are  r e p o r te d  t o  have g iv e n  th e  
b e s t  r e s u l t s  are  n i t r o g e n ,  m acerated  cru d e f i b r e  and 
chromo gen s (9 8 ,  1 3 1 ) .  There a r e ,  how ever, r e p o r t s  o f  
u n p r e d ic ta b le  v a r ia t io n s  i n  n i t r o g e n  e x c r e t io n  ( 5 1 ,  
1 6 8 ) ,  and o f  v a r ia t io n s  w hich can o n ly  be  e x p la in e d  
when th e  n itr o g e n  c o n te n t  o f  th e  h erb age  consumed i s  
known ( 8 0 ) .  The u s e  o f  chromium s e s q u io x id e  and 
p la n t  c o n s t i t u e n t s  as m arkers and o f  f a e c a l  in d e x  
s u b s ta n c e s  has r e c e n t ly  b een  r e v ie w e d  b y  Raymond (1 3 0 )  
and h i s  co -w o rk ers ( 1 3 1 ) ,  who showed t h a t  a h ig h  
d e g r e e  o f  a ccu ra c y  h as n o t  y e t  b een  a c h ie v e d  w ith  
t h e s e  m ethods.

The d e te r m in a t io n  o f  th e  c o n c e n tr a t io n s  i n  th e  
f a e c e s  o f  b o th  a f a e c a l  in d e x  s u b s ta n c e , and o f  
chromium s e s q u io x id e  w ould e n a b le  s im u lta n e o u s  
e s t im a t e s  t o  b e  made o f  th e  d i g e s t i b i l i t y  o f  th e  
h erb age  consumed and o f  th e  f a e c a l  o u tp u t , and h ence  
o f  th e  amount o f  dry m a tte r  consumed o v e r  a g iv e n  
p e r io d .  But th e  p e r io d  w ould have t o  b e  o f  s e v e r a l  
d a y s ’ d u r a t io n , and th e  in ta k e  e s t im a t e  would b e a r  th e  
com bined e r r o r s  o f  th e  e s t im a t e s  o f  f a e c a l  o u tp u t and  
o f  th e  d i g e s t i b i l i t y  o f  th e  f e e d .

The u se  o f  m arkers and o f  f a e c a l  in d e x  
s u b s ta n c e s  may b e  sum m arized a s  f o l l o w s .
1 .  When th e  o u tp u t o f  f a e c e s  i s  known, in ta k e  may b e  
c a lc u la t e d  from th e  d i g e s t i b i l i t y  o f  th e  herbage  
consum ed.
2 . The ou tp u t o f  f a e c e s  may be e s t im a te d  by  f e e d in g  a
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g iv e n  amount o f  chromium s e s q u io x id e  and d e ter m in in g  
i t s  c o n c e n tr a t io n  i n  th e  f a e c e s .
3* V a r ia t io n s  i n  th e  r e c o v e r y  o f  chromium s e s q u io x id e  
have b een  r e p o r te d  w h ich  may be red u ced  b y  f e e d in g  i t  
a s  a powder r a th e r  th an  i n  c a p s u le s  and b y  sam p lin g  
th e  f a e c e s  a t  s u i t a b le  t im e s  d u r in g  s e v e r a l  d ays.
4* The d i g e s t i b i l i t y  o f  th e  herbage consum ed can be  
e s t im a te d  from  th e  c o n c e n tr a t io n  i n  th e  f a e c e s  o f  
c e r t a i n  p la n t  c o n s t i t u e n t s  b u t n o t w ith  a h ig h  d eg ree  
o f  a c c u r a c y .

B. M ethods a p p lie d  to  th e  p a s tu r e

The herbage con su m p tion  o f  g r a z in g  an im a ls may 
be e s t im a te d  from  th e  d i f f e r e n c e  b etw een  th e  y i e l d s  o f  
herbage on th e  p a s tu r e  b e fo r e  and a f t e r  g r a z in g .  
A llow an ce  m ust b e  made f o r  th e  amount o f  herbage  
grow th d u r in g  th e  g r a z in g  p e r io d , b e c a u se  th e  s im p le  
d i f f e r e n c e  b etw een  th e  y i e l d s  o f  h erbage b e f o r e  and 
a f t e r  g r a z in g  w i l l  be  l e s s  th an  th e  amount consumed i f  
th e r e  h as b e e n  any grow th m eanw hile .

The s im p le  d i f f e r e n c e  betw een  th e  y i e l d s  o f  
herbage b e fo r e  and a f t e r  g r a z in g  has b een  u se d  to  
e s t im a te  th e  herbage in ta k e  o f  c lo s e - f o l d e d  cows when 
th e  g r a z in g  p e r io d s  were o f  o n ly  24 h o u r s , and th e  
sam p les w ere ta k e n  w ith  an in t e r v a l  o f  no more th a n  36  
h ou rs b etw een  them ( 1 5 6 ) .  I n  th e s e  c o n d it io n s  th é  
e f f e c t  o f  grow th  was p r o b a b ly  n e g l i g i b l e .

W ith  lo n g e r  g r a z in g  p e r io d s  h erb age grow th  may 
be a llo w e d  f o r  i n  one o f  two w ays. ( a )  The amount o f  
herbage consum ed may be e s t im a te d  a t  th e  end o f  th e  
g r a z in g  p e r io d  from  th e  d i f f e r e n c e  b e tw een  th e  y i e l d  
o f  herb age p r o te c t e d  from  g r a z in g  and th e  y i e l d  o f  th e  
g ra zed  h e r b a g e . I n  t h i s  m ethod grow th d u r in g  th e  
g r a z in g  p e r io d  i s  in c lu d e d  i n  th e  p r o t e c t e d  a r e a s  in  
a d d it io n  to  th e  amount o f  herb age o r i g i n a l l y  
a v a i la b le .  But th e  grow th  r a t e  o f  h erb age  i s  
p ro b a b ly  a  f u n c t io n  o f  th e  amount o f  p h o to s y n t h e t ic  
m a te r ia l  a v a i la b le  (1 0 3 )  so  th a t  th e  grow th  r a t e  o f  
th e  p r o te c t e d  h erbage may be g r e a te r  th a n  th a t  o f  th e



r e s t  o f  th e  p a s tu r e  w hich  i s  b e in g  c o n t in u a l ly  
d e f o l ia t e d .  I t  h as b een  shown a l s o  th a t  th e  c a g e s  
u s u a l ly  u se d  to  p r o t e c t  h erbage in c r e a s e  i t s  grow th  
r a t e  by  im p ro v in g  th e  m ic r o -c l im a te  ( 3 6 , 1 6 2 ) .  F or  
b o th  th e s e  r e a s o n s ,  grow th , and t h e r e f o r e  herb age  
in t a k e ,  a re  l i k e l y  to  b e  o v e r e s t im a te d  (1 0 3 )*
I n s te a d  o f  u s in g  c a g e s , some w ork ers have e s t im a te d  
th e  y i e l d  o f  th e  ungrazed  h erb age  i n  a f e n c e d - o f f  
s t r i p  a lo n g s id e  th e  e x p e r im e n ta l p a s tu r e  ( I 6 5 ) o r  i n  
an a d ja c e n t p a s tu r e  ( 8 5 ) b u t t h e s e  m ethods ig n o r e  
v a r ia t io n s  i n  s o i l  f e r t i l i t y  and n a tu r a l  v a r ia t io n s  in  
th e  m ic r o -c l im a te .  Y/hen, a s  i n  S e a r ’ s  "g r a z in g  
s im u la t io n ” m ethod ( 1 0 6 , 107) th e  p r o te c te d  h erb age  i s  
hand p lu ck ed  down to  th e  l e v e l  o f  th e  g r a ze d  h erb a g e , 
an im provem ent i n  th e  s t a t i s t i c a l  p r e c i s i o n  o f  th e  
e s t im a te  may b e  e x p e c te d  (IO 6 , 1 0 7 ) s in c e  th e  in ta k e  
i s  c a lc u la t e d  from  one sa m p lin g  mean in s t e a d  o f  from  
th e  d i f f e r e n c e  b e tw een  two m eans. But th e  a c cu ra c y  
o f  th e  in ta k e  e s t im a te  u s in g  t h i s  m ethod o b v io u s ly  
depend s on p e r s o n a l  judgem ent i n  s im u la t in g  th e  h e ig h t ,  
d e n s i t y  and u n ifo r m ity  o f  th e  g r a ze d  r e s id u e s  a t  th e  
l e v e l  where dry m a tter  y i e l d s  a r e  n o rm a lly  g r e a t e s t .

(b )  The seco n d  way i n  w h ich  herbage grow th  
d u r in g  th e  g r a z in g  p e r io d  may be a llo w e d  f o r ,  i s  to  
make an in d ep en d e n t e s t im a te  o f  i t ,  and t o  add t h i s  to  
th e  d i f f e r e n c e  b etw een  th e  y i e l d s  o f  h erb age  e s t im a te d  
a t  th e  b e g in n in g  and end o f  th e  g r a z in g  p e r io d . The 
grow th r a te  may be e s t im a te d  by  th e  ” grow th by  
d i f f e r e n c e ” m ethod, from  th e  d i f f e r e n c e  b e tw een  th e  
y i e l d s  o f  p r o t e c t e d  h erbage a t  th e  b e g in n in g  and a t  
th e  end o f  th e  g r a z in g  p e r io d . T h is  m ethod h as b een  
u se d  in  A u s t r a l ia  (1 1 0 , 113) on p a s tu r e s  c o n t in u o u s ly  
g r a ze d  b y  sh e e p , and a l s o  i n  New Z ea lan d  (IO 6 , 107)  
and in  t h i s  c o u n tr y  ( 1 0 3 ) .  H erbage grovrth may a l s o  
b e e s t im a te d  by  th e  " d ir e c t  h a r v e s t” m ethod w h ich  has 
b e e n  u sed  under v a r io u s  names to  e s t im a te  p a s tu r e  
o u tp u t i n  A m erica  (2 7 ,  1 1 8 ) ,  B r i t a i n  ( 2 4 ,  41 ) end New 
Zealand (1 0 5 , IO6 , 1 0 7 ) . I n  t h i s  m ethod th e  h erbage  
i s  trimmed to  a g iv e n  h e ig h t ,  and p r o te c te d  from
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s t o c k ,  and th e  re  grow th i s  mown down t o  th e  l e v e l  o f  
th e  o r ig i n a l  trim m ing c u t  a t  th e  end o f  th e  grow th  or  
g r a z in g  p e r io d . Compared w ith  th e  ” grow th  b y  
d i f f e r e n c e ” m ethod, t h i s  m ethod h as th e  a d v a n ta g es  
th a t  th e  grow th r a te  te n d s  to  be more u n ifo rm  b etw een  
in d iv id u a l  sam ple u n i t s  when m easured above a c o n s ta n t  
l e v e l  s e t  by trim m ing and t h a t  th e  e r r o r  o f  th e  grow th  
e s t im a te  i s  c a lc u la t e d  from  th e  v a r ia n c e  o f  th e  one  
mean o f  th e  sam p les o f  r e  grow th  in s t e a d  o f  from  th e  
sum o f  th e  v a r ia n c e s  o f  two m eans. H ence th e  " d ir e c t  
h a r v e s t” m ethod to  e s t im a te  grow th  g iv e s  h ig h  
p r e c i s io n  ( 1 0 6 , 107) and n e e d s  l e s s  th a n  h a l f  th e  
number o f  sam p les u se d  i n  th e  ” grow th b y  d i f f e r e n c e ” 
m ethod t o  a c h ie v e  th e  same p r e c i s io n  ( 24) • The 
" d ir e c t  h a r v e s t” m ethod, how ever, assum es t h a t  th e  
grow th r a t e  o f  trimmed h erb age  w i l l  be th e  same a s  
th a t  o f  untrim m ed h erb a g e . But i f  th e  tr im  i s  c lo s e ,  
th e  grow th  r a t e  may b e  r e ta r d e d . Low e s t im a t e s  o f  
p a s tu r e  grow th  are  som etim es fou n d , t h e r e f o r e ,  by  t h i s  
m ethod ( 1 0 7 ) ,  p a r t i c u la r ly  i n  d ry  w ea th er  ( 4 1 ) .  The 
"grow th  b y  d i f f e r e n c e ” m ethod, on th e  o th e r  hand may 
g iv e  h ig h  e s t im a t e s  (1 0 3 )  b e c a u se  u n l ik e  trimmed  
h e r b a g e , or  g r a ze d  h e r b a g e , th e  grow th  o f  th e  
p r o te c t e d  h erb age  i s  unim peded and p ro b a b ly  s t im u la te d  
b y  th e  p r o t e c t iv e  c a g e s .

L in eh a n , Lowe & S te w a r t (1 0 3 )  have u sed  a  
m ethod i n  w hich  th e  grow th r a te  d u r in g  th e  g r a z in g  
p e r io d  was c a lc u la t e d  from  b o th  th e  reg ro w th  on  
trim m ed a r e a s  and from  th e  d i f f e r e n c e  b etw een  th e  
y i e l d s  o f  p r o te c te d  h erb age  b e fo r e  and a f t e r  g r a z in g .  
T h ese  two e s t im a te s  w ere com bined i n  an e q u a t io n  w hich  
so u g h t t o  c o r r e c t  th e  in ta k e  e s t im a te  f o r  th e  b ia s  
c a u se d  b y  th e  d i f f e r e n c e  b etw een  th e  grow th r a t e s  o f  
d e f o l i a t e d  and u n d e f o l ia t e d  h e r b a g e . The e q u a tio n  
assum ed t h a t  th e  r a te  o f  in ta k e  i s  i n v e r s e ly  
p r o p o r t io n a l  t o  th e  d eg ree  o f  d e f o l i a t i o n .  T h is  
rem ain s to  be shown. I t  i s  q u e s t io n a b le  a l s o  w h eth er  
th e  e q u a t io n  a l lo w s  f o r  th e  c l im a t ic  e f f e c t s  o f  c a g e s .  
The r e s u l t s ,  on a v e r a g e , were i n  r e a so n a b le  agreem ent
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12,

w ith  th e  o u tp u t e s t im a te d  from  a n im al p r o d u c t io n , h u t  
th e r e  were s u b s t a n t i a l  v a r ia t io n s  "between y e a r s  w hich  
w ere n o t  e x p la in e d .

Prom what h as "been s a id  i t  i s  e v id e n t  t h a t  th e  
e s t im a te  o f  ber"bage in ta k e  may "be "biassed  "by th e  
m ethods availa" b le  f o r  e s t im a t in g  h erb age  grow th  d u r in g  
th e  g r a z in g  p e r io d .

A nother e r r o r  w i l l  b e  in tr o d u c e d  in t o  th e  
e s t im a t e  o f  herbage in ta k e  sam p les when th e  sam p les ar^  
n o t  c l ip p e d  b e lo w  th e  h e ig h t  t o  w h ich  th e  a n im a ls  w i l l  
g r a z e  th e  h erb age ( 1 5 5 ) .  O c c a s io n a l ly  a l s o ,  a n im a ls  
are  l i a b l e  to  g r a ze  more i n  th e  v i c i n i t y  o f  caged  or  
sam p led  a r e a s  th a n  e lse w h e r e  (4 5 ) s o  t h a t  th e  
" p a ir in g* ’ o f  sam p les c u t  b e fo r e  th e  g r a z in g  p e r io d  
w ith  th o s e  c u t  a f t e r ,  w h ich  i s  som etim es done to  
red u ce  th e  v a r i a b i l i t y  o f  th e  d i f f e r e n c e  b etw een  them , 
may g iv e  a b ia s s e d  e s t im a te  o f  in t a k e .

P a s tu r e  sa m p lin g  m ethods are  s u b je c t  n o t  o n ly  tcj> 
b i a s  b u t a l s o  t o  lo w  p r e c i s io n ,  b e c a u se  o f  th e  
v a r i a b i l i t y  o f  p a s tu r e  y i e l d s .  T here a re  o n ly  a few  
e s t im a t e s  o f  in ta k e  or p a s tu r e  grow th  r e p o r te d  i n  th e  
l i t e r a t u r e  i n  w h ich  th e  s t a t i s t i c a l  p r e c i s io n  o f  th e  
r e s u l t s  h as b e e n  a s s e s s e d .  One o f  th e  m ost p r e c i s e  
e s t im a t e s  o f  in ta k e  a v a i la b le  i s  t h a t  o f  L in e h a n , Lowe 
& S te w a r t ( 1 0 3 ) ,  who e s t im a te d  th e  mean annual h erbage  
in ta k e  o f  b u l lo c k s  o v er  4  y e a r s  and foun d  an a v era g e  
c o e f f i c i e n t  o f  v a r ia t io n  o f  24^ . Lynch & M ountier  
(1 0 7 )  r e p o r te d  s ta n d a r d  e r r o r s  o f  from  19 to  30/o f o r  
mean annual in ta k e  o r  p a s tu r e  grow th  e s t im a t e s .

The u s e  o f  p a s tu r e  sa m p lin g  m ethods f o r  th e  
e s t im a t io n  o f  h erb age in ta k e  may b e sum marized a s  
f o l lo w s .
1 .  H erbage in ta k e  may b e  e s t im a te d  from  th e  
d i f f e r e n c e  b e tw een  th e  y i e l d s  o f  g r a ze d  and u n grazed  
h erb a g e .
2 . E xcep t w ith  v e r y  s h o r t  g r a z in g  p e r io d s ,  th e  amount 
o f  herbage grow th  d u r in g  th e  g r a z in g  p e r io d  m ust b e  
a llo w e d  f o r .



3* No m ethod of* e s t im a t in g  th e  grow th  r a t e  o f  
p a s tu r e s  d u r in g  g r a z in g  i s  a v a i la b le  w h ich  com bines 
v a l i d i t y  w ith  p r e c i s io n .  The m ost a c c u r a te  e s t im a te s  
o f  in ta k e  w i l l  be o b ta in e d , t h e r e f o r e ,  w ith  s h o r t  
g r a z in g  p e r io d s .
4* T/hen herb age in ta k e  i s  e s t im a te d  from  th e  
d i f f e r e n c e  b etw een  two h erb age y i e l d  e s t im a t e s ,  th e  
sam p les i n  each  e s t im a te  sh o u ld  b e  d i s t r i b u t e d  a t  
random, and c u t  to  a c o n s ta n t  l e v e l  b e lo w  w hich  th e  
anim al i s  u n a b le  t o  g r a z e .

0 .  The c h o ic e  o f  a m ethod

I t  was d e c id e d  f o r  th e  work to  be  r e p o r te d  h ere  
n o t t o  a ttem p t th e  e s t im a t io n  o f  h erbage in ta k e  by  
m ethods b a se d  on th e  o u tp u t o f  f a e c e s  and th e  
d i g e s t i b i l i t y  o f  th e  fo o d  consum ed, b e c a u se  o f  th e  
d i f f i c u l t y  o f  a c q u ir in g  sam p les o f  h erb age  whose  
d i g e s t i b i l i t y  w ould be s im i la r  to  t h a t  consum ed by  
g r a z in g  a n im a ls . The v a l i d i t y  o f  d i g e s t i b i l i t y  
e s t im a t e s  made w ith  f a e c a l  in d e x  s u b s ta n c e s  had n o t  
b een  shown when th e  work r e p o r te d  i n  t h i s  t h e s i s  was 
u n d ertak en  and th e  u s e  o f  f a e c a l  in d e x  s u b s ta n c e s  h as  
n o t y e t  b een  shown to  g iv e  a c c u r a te  d i g e s t i b i l i t y  
e s t im a t e s .

I t  was d e c id e d  t o  ad op t a p a s tu r e  sa m p lin g  
m ethod i n  w h ich  b ia s  from  herb age grow th  d u r in g  th e  
g r a z in g  p e r io d  w ould be r ed u c ed , i f  n o t  q u it e  
e l im in a te d ,  b y  e s t im a t in g  in ta k e  from  th é  d i f f e r e n c e  
b etw een  th e  y i e l d s  o f  h erb age b e fo r e  and a f t e r  g r a z in g  
p e r io d s  o f  o n ly  24 h o u r s . I t  was d e c id e d  t h a t  th e  
h erbage sa m p les sh o u ld  b e  hand c l ip p e d  t o  ground l e v e l  
b o th  b e fo r e  and a f t e r  th e  g r a z in g  p e r io d  so  a s  to  
en su re  t h a t  th e  an im a ls  c o u ld  n o t g r a ze  b e lo w  th e  
l e v e l  to  which th e  sam p les were c u t ,  and t h a t  a l l  th e  
sam p les w ould be  c u t  to  th e  same l e v e l .

To a c h ie v e  p r e c i s i o n  in t e n s iv e  random sam p lin g  
was p ro p o sed  w ith  r e p l i c a t i o n  o f  in ta k e  e s t im a te s  in  
c o n s e c u t iv e  24 hour p e r io d s ,  and tp  g a in  th e  maximum
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amount o f  in fo r m a tio n  th e  h erb age in t a k e s  o f  s e v e r a l  
a n im a ls  w ere to  b e  e s t im a te d  i n d iv id u a l ly  e a c h  d ay . 
T h is r a is e d  th e  p o s s i b i l i t y  o f  a d o p tin g  random ized  
b lo c k  or L a t in -s q u a r e  d e s ig n s  o f  p l o t s  ea ch  c o n ta in in g  
one an im al f o r  one day , (a n a la g o u s  to  c o n v e n t io n a l  , 
f i e l d  r e p l i c a t e d - p lo t  e x p e r im e n ts) ,in  w h ich  th e  
s i g n i f i c a n c e  o f  any d i f f e r e n c e s  in  mean in t a k e s  c o u ld  
b e d eterm in ed  by  a n a ly s is  o f  v a r ia n c e . The e r r o r s  o f  
th e  e s t im a te s  w ould be d eterm in ed  from  th e  r e s id u a l  
v a r ia n c e  a f t e r  a n a ly s i s  o f  th e  m ain e f f e c t s ,  and c o u ld  
b e  red u ced  in  th e  u s u a l  way by  s u i t a b le  e x p e r im e n ta l  
d e s ig n s .

I n  g r a z in g  p e r io d s  o f  o n ly  24 h ou rs p r o t e c t iv e  
c a g e s  c o u ld  have no m easu rab le  e f f e c t  on th e  grow th  
r a te  o f  th e  e n c lo s e d  h e r b a g e ; an a l t e r n a t i v e  
p roced u re  f o r  th e  e s t im a t io n  o f  in ta k e  w as, t h e r e f o r e ,  
p o s s i b l e ,  i n  w h ich  a t  th e  end o f  th e  g r a z in g  p e r io d  
p r o te c te d  h erb age  was p lu ck ed  down to  th e  l e v e l  o f  th e  
g ra zed  r e s id u e s  so  a s  to  s im u la te  th e  g r a z in g  a c t io n  
o f  th e  a n im a l. The ad van tage o f  t h i s  m ethod i s  t h a t  
o n ly  one sam ple mean i s  in v o lv e d  i n  th e  in ta k e  
e s t im a te ,  in s t e a d  o f  tw o, so  t h a t  th e  sa m p lin g  e r r o r  
and th e  la b o u r  o f  sam p lin g  w ould  p ro b a b ly  b e  h a lv e d .  
T h is  m ethod, h ow ever, i s  o b v io u s ly  depend en t on th e  
s k i l l  and judgem ent o f  th e  e x p e r im e n te r , and i s  
th e r e fo r e  l i a b l e  t o  g iv e  b ia s s e d  e s t im a t e s .  I t  was 
d e c id e d  to  g iv e  t h i s  method a p r e lim in a r y  t r i a l  b e fo r e  
d e c id in g  i t s  w orth  a s  a p o s s i b l e  a l t e r n a t i v e  t o  th e  
sam p lin g  m ethod d e s c r ib e d  ab ove .

The A ccuracy o f  th e  D ata

The sa m p lin g  fram es u sed  f o r  a l l  h erb age  y i e l d  
e s t im a te s  were a c c u r a t e ly  c o n s tr u c te d  o f  w eld ed  s t e e l  
and th e  a r e a s  e n c lo s e d  ( e x c e p t  in  E xperim ent l )  w ere  
f r a c t i o n s  o f  9 .6  s q . f t .  (4 * 8 , 3»2  or  2 .4  s q . f t . )  
w hich  a llo w e d  th e  c o n v e r s io n  o f  grammes o f  h erb age  p er  
sam p lin g  fram e to  l b .  p er  a c re  by  a s im p le  f a c t o r  
(5 5 )  • The sa m p lin g  fram es were made sm a ll i n  s i z e  so  
a s  to  g a in  p r e c i s i o n  by  d iv id in g  th e  t o t a l  a r ea
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sam p led  i n  th e  tim e a v a i la b le  in t o  a la r g e  number o f  
s m a ll  sam ple u n i t s  ( 6 2 ) .

F r e sh  h erb age  sam p les were w eigh ed  t o  1 g . and 
w ere d r ie d  to  a c o n s ta n t  w e ig h t i n  fo r c e d  d raugh t  
o v en s a t  100®0. D r ied  sam p les were w eighed  to  0 .2 5  g  
A n a ly s e s  o f  cru de p r o t e in  were c a r r ie d  o u t by  th e  
T e c h n ic a l C h em istry  D epartm ent o f  th e  Hannah I n s t i t u t e  
(D r . R. W aite) whose m ethods have b een  d e s c r ib e d  
e lse w h e r e  ( 1 5 6 ) .

S t a t i s t i c a l  M ethods

S t a t i s t i c a l  m ethods a re  m a in ly  from  S n ed eco r  
( l i+ 6 ) .  Sums o f  sq u a r es  have b een  o m itte d  from  th e  
A n a ly s e s  o f  V a r ia n c e  s in c e  th e  Mean S q u ares and th e  
a p p r o p r ia te  number o f  d e g r e e s  o f  freedom  g iv e  
s u f f i c i e n t  in fo r m a tio n . A n a ly se s  o f  V a r ia n ce  and 
Sums o f  S q u ares a re  g iv e n  v/hen n e c e s s a r y  in  th e  t e x t  
b u t o th e r w is e  a re  g iv e n  i n  th e  A ppend ix . Sums o f  
sq u a r e s  f o r  c o r r e la t io n s  are  g iv e n  o n ly  when a 
r e g r e s s io n  e s t im a te  i s  made b u t t h e i r  l e v e l  o f  
s i g n i f i c a n c e  i s  a lw ays q u o ted . P e r c e n ta g e  d a ta  a r e  
g iv e n  tr a n s fo r m a tio n  in t o  a n g le s  f o r  A n a ly s is  o f  
V a r ia n c e  (fro m  th e  t a b le s  o f  C - I .  B l i s s ,  P la n t  
P r o t e c t io n ,  No. 12 L en in g ra d , 1 9 3 7 , q u oted  by  
S n ed ecor  ( 1 4 6 ) ) .

The a b b r e v ia t io n s  u sed  a r e , SS = Sim  o f  Squares; 
d f  =t d e g r e e s  o f  freedom ; MS = Mean Square;
P = V a r ia n ce  r a t i o ;  S ig .  = l e v e l  o f  s i g n i f i c a n c e ;
NS or  b la n k  = N ot s i g n i f i c a n t .  *x ’ in d ic a t e s  
s i g n i f i c a n c e  a t  th e  0 .0 5  (o r  5^) l e v e l ,  *xx* th e  0 .0 1  
( o r  1^) l e v e l ,  and *xxx* th e  0 .0 0 1  ( o r  0 .1 ^ )  l e v e l .
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16.

PART 2 . EXPERIMENTAL WORK 

EXPERIMENT 1

A P r e lim in a r y  E s t im a t io n  of* th e  H erbage In ta k e  o f  
I n d iv id u a l  A n im als d u r in g  24 h r . G ra z in g  P e r io d s

I n tr o d u c t io n

I t  was shown i n  th e  g e n e r a l in t r o d u c t io n  t h a t  
th e  e s t im a t io n  o f  th e  herbage in ta k e  o f  g r a z in g  
a n im a ls  by  p a s tu r e  sa m p lin g  m ethods i s  g e n e r a l ly  
s u b j e c t  to  two m ain d i f f i c u l t i e s .  The f i r s t  o f  them  
i s  lo w  p r e c i s io n  r e s u l t i n g  from  th e  v a r i a b i l i t y  o f  
p a s tu r e  y i e l d s .  The seco n d  d i f f i c u l t y  l i e s  in  
e n s u r in g  th a t  th e  d i f f e r e n c e  e s t im a te d  i s  th e  tr u e  
d i f f e r e n c e  due to  con su m p tion . The sam p les m ust a l l  
be c u t  t o  th e  same l e v e l  and th e  l e v e l  m ust be  b e lo w  
t h a t  to  w h ich  th e  a n im a ls  can  g r a z e . The amount o f  
h erb age  grovrth d u r in g  th e  g r a z in g  p e r io d  must a l s o  be  
e s t im a te d  and a llo w e d  f o r  e x c e p t  when th e  g r a z in g  
p e r io d s  are  v e r y  s h o r t .

To overcom e t h e s e  d i f f i c u l t i e s  i t  was d e c id e d  
t o  l i m i t  th e  g r a z in g  p e r io d s  t o  24 h r . and to  
e s t im a te  th e  h erb age y i e l d s  from  random sam p les hand 
c l ip p e d  t o  ground l e v e l .  P r e c i s io n  was to  be  
a c h ie v e d  by  in t e n s i v e  sa m p lin g , and b y  e s t im a t in g  th e  
in d iv id u a l  herbage in ta k e  o f  s e v e r a l  a n im a ls  f o r  
s e v e r a l  s u c c e s s iv e  d a y s . The e x p e r im e n ta l e r r o r  was 
t o  b e  a s s e s s e d  b y  s u b j e c t in g  th e  r e s u l t s  t o  a n a ly s i s  
o f  v a r ia n c e .

Two s im p le  p r e lim in a r y  t r i a l s  a re  d e s c r ib e d  
t o g e t h e r  h ere  w h ich  were c a r r ie d  o u t  t o  r e s o lv e  any  
p r a c t i c a l  d i f f i c u l t i e s  th a t  m igh t a r i s e  i n  c o n f in in g  
c a t t l e  in d iv id u a l ly  i n  sm a ll p l o t s ,  and to  d eterm in e  
th e  o rd er  o f  p r e c i s i o n  a t t a in e d  i n  herb age dry  m a tte r  
in ta k e  e s t im a te s  c a lc u la t e d  from  th e  d i f f e r e n c e  b etw eeh  
th e  y i e l d s  o f  herb age sam pled b e fo r e  and a f t e r  th e  24  
h r . g r a z in g  p e r io d . T h is  w i l l  b e  c a l l e d  th e  
’D if fe r e n c e *  m ethod.



Some e s t im a te s  o f  in ta k e  were a l s o  made by  
p lu c k in g  p r o te c t e d  h erbage down to  th e  l e v e l  o f  th e  
grazed  h erb age  a t  th e  end o f  th e  g r a z in g  p e r io d .
T h is  m ethod h as b een  u sed  by  S e a r s  and o th e r s  i n  New 
Z ealand (10.7) and w i l l  b e  c a l l e d  h ere  th e  ’G r a z in g -  
s im u la t io n ’ m ethod. The e s t im a t e s  were made a s a  
p r e lim in a r y  t e s t  o f  p e r s o n a l  a b i l i t y  to  s im u la te  th e  
d egree  o f  s e l e c t i o n  and d e f o l i a t i o n  shown b y  th e  
g r a z in g  a n im a l. I t  was n o t  in te n d e d  t o  u n d erta k e  a 
form al com p arison  b etw een  th e  two m ethods a t  t h i s  
s ta g e  u n le s s  th e  r e s u l t  o f  th e  p r e lim in a r y  t r i a l  
showed g r e a t  p ro m ise .

E x p er im en ta l

The e x p e r im e n ta l p a s t u r e ,  w hich was ch o sen  f o r  
i t s  u n ifo r m ity  o f  y i e l d ,  had b een  sown fo u r  y e a r s  
p r e v io u s ly  w ith  two s e p a r a te  s e e d s  m ix tu r e s , one  
p red o m in a n tly  r y e g r a s s ,  th e  o th e r  c o c k s f o o t .  I t  was 
d iv id e d  i n t o  two s t r i p s  b y  e l e c t r i c  f e n c e s ,  and two 
r e c ta n g u la r  p l o t s  were form ed by  s t r e t c h in g  p a r a l l e l  
e l e c t r i f i e d  w ir e s  a c r o s s  th e  s t r i p s .  T h ese were 
moved forw ard  d a i l y  to  e n c lo s e  f r e s h  h e r b a g e , so  t h a t  
two a n im a ls  i n  each  t r i a l  were fo ld e d  a c r o s s  th e  
r y e g r a ss  sw ard , on to  th e  c o c k s fo o t  sw ard.

I n  th e  f i r s t  t r i a l ,  u s in g  th e  ’D if fe r e n c e *  
m ethod, th e  y i e l d s  o f  herbage i n  each  p l o t  b e fo r e  and 
a f t e r  g r a z in g  were e s t im a te d  by  hand c l ip p in g  to  
ground l e v e l  t e n  random h erb age  sam p les each  e n c lo s e d  
b y  a m e ta l fram e o f  s q .  f t . .  I n  th e  seco n d  
t r i a l ,  th e  number o f  sam p les c l ip p e d  f o r  e a c h  mean 
y i e l d  e s t im a te  was red u ced  t o  s i x ,  to  e q u a l th e  number 
o f  sam p les p e r  mean ta k e n  b y  th e  G r a z ln g -s im u la t io n  
m ethod. The f r e s h  herbage sam p les were w eigh ed  
in d iv id u a l ly  and a su b -sa m p le  ta k en  f o r  th e  
d e te r m in a t io n  o f  th e  dry m a tte r  c o n te n t  b y  d r y in g  in  a 
fo r c e d  d rau gh t oven a t  9 0 °C to  a c o n s ta n t  w e ig h t .
The dry  m a tte r  in ta k e  was c a lc u la t e d  from  th e  
d i f f e r e n c e  b etw een  th e  am ounts o f  h erbage dry m a tter  
e s t im a te d  to  have b een  p r e s e n t  in  th e  p l o t  b e fo r e  and
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a f t e r  g r a z in g . The s t a t i s t i c a l  p r e c i s i o n  o f  
in d iv id u a l  in ta k e  e s t im a t e s  was c a lc u la t e d  from  th e  
sta n d a rd  e r r o r  o f  th e  d i f f e r e n c e  b e tw een  th e  means o f  
f r e s h  sam ple w e ig h ts  b e fo r e  and a f t e r  g r a z in g . T h is  
v/as e x p r e s s e d  a s  a p e r c e n ta g e  o f  th e  a c tu a l  d i f f e r e n c e  
i n  w e ig h t b e tw een  th e  sam ple means and a p p lie d  to  th e  
dry m a tter  in ta k e  e s t im a te .

I n  th e  G r a z in g -s im u la t io n  m ethod i n  b o th  t r i a l s  
th r e e  c a g es  w ere p la c e d  a t  random i n  e a ch  p l o t  b e fo r e  
th e  an im a ls e n te r e d . A f t e r  2k  h r . g r a z in g , two a r e a s  
i n  each  c a g e , e a c h  o f  6 sq.. f t . ,  w ere h a n d -p lu ck ed  
down to  th e  l e v e l  o f  th e  g ra zed  h erb age  o u t s id e  th e  
c a g e s . Thus s i x  sam p les w ere ta k e n  i n  each  p l o t .  
T hese were w eig h ed  i n d iv id u a l ly  and su b -sam p led  f o r  
th e  d e te r m in a t io n  o f  t h e i r  dry m a tte r  c o n t e n t .  The 
in ta k e  e s t im a te  was c a lc u la t e d  by c o n v e r t in g  th e  
a v era g e  amount o f  herb age d ry  m a tte r  p lu ck ed  from  each  
sam ple a r ea  to  th e  amount w hich w ou ld  have b e e n  
p lu ck ed  from  th e  w h o le  p l o t  a r e a . The s t a t i s t i c a l  
p r e c i s i o n  o f  th e  e s t im a te  was c a lc u la t e d  a s  th e  
sta n d a rd  e r r o r  o f  th e  means o f  th e  f r e s h  sam ple  
w e ig h ts ,  hhd was e x p r e ss e d  a s  a  p e r c e n ta g e  v a lu e  and  
a p p lie d  t o  th e  dry m a tter  in ta k e  e s t im a t e .  C om p osite  
sam p les were made f o r  th e  d e te r m in a t io n  o f  th e  cru d e  
p r o t e in  c o n te n t s  o f  th e  d ry  m a tte r .

The d a i l y  herb age in ta k e s  o f  two m ilk in g  cows 
( c a l l e d  cows 1 and 2 ) were e s t im a te d  i n  T r ia l  1 .  The 
cows were o f  a lm o st  i d e n t i c a l  l iv e w e ig h t  (a b o u t lli}-5  
l b . )  and t h e i r  m ilk  y i e l d s  i n  th e  9 days p r e c e d in g  th e  
exp erim en t were s im i la r ,  a v e r a g in g  19 l b .  d a i l y .  I n  
T r ia l  2 th e  in t a k e s  o f  tw o h e i f e r s  w ere e s t im a te d .  
H e ife r  1 w eig h ed  620 l b .  and H e if e r  2 750 l b . . Each  
anim al g r a z e d  each  day i n  th e  same s t r i p .

T r ia l  1 s t a r t e d  on  3rd  Septem ber 1951  and 
l a s t e d  9 d a y s . The h erbage in ta k e  o f  b o th  cows was 
e s t im a te d  e v er y  day b y  th e  D if f e r e n c e  m ethod, b u t  no 
e s t im a te  was made on th e  f i r s t  day b y  th e  G r a z in g -  
s im u la t io n  m ethod.
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T r ia l  2 , w hich  was co n d u cted  on th e  reg ro w th  o f  
T r ia l  1 , s t a r t e d  on 8 th  O ctob er  1951 and l a s t e d  8 days  
The h erb age in ta k e  o f  b o th  h e i f e r s  was e s t im a te d  ev ery  
day by  th e  D if f e r e n c e  m ethod, and e s t im a t e s  w ere made 
b y  th e  G razin g  s im u la t io n  m ethod on 5 d a y s .

R e s u l t s

The y i e l d s  and q u a l i t y  o f  th e  herbage

The y i e l d s  o f  h erbage d ry  m a tter  i n  T r ia l  1 
( e s t im a te d  from  sam p les c l ip p e d  t o  ground l e v e l )  were 
low er  than th e  y i e l d s  u s u a l ly  o f f e r e d  i n  r o t a t i o n a l  
g r a z in g . I n  th e  s t r i p  g r a ze d  b y  cow 1 th e  a v era g e  
y i e l d  was 1520 l b .  dry m a tte r  p er  a c r e ,  and i n  th e  
s t r ip .g r a z e d  b y  cow 2 ,  I 630 l b .  d ry  m a tte r  p e r  a c r e .
I n  T r ia l  2 y i e l d s  were s l i g h t l y  h ig h e r , a v e r a g in g  1890  
l b .  p e r  a c r e  f o r  h e i f e r  1 and 1930 l b .  p e r  a c r e  f o r  
h e i f e r  2 .

A lth o u g h  th e  h erbage was a t  th e  s h o r t  l e a f y  
s ta g e  o f  grow th th e  cru de p r o t e in  c o n te n t s  o f  th e  dry  
m a tter  o f  co m p o site  sam p les were n o t  a s  h ig h  a s  m ight 
have b e e n  e x p e c te d  o f  su ch  h e r b a g e , p a r t i c u l a r l y  i n  
th e  autumn. T h is  was b e c a u se  th e  sam p les were  
c l ip p e d  t o  ground l e v e l  and so  in c lu d e d  f ib r o u s  b a s a l  
h e r b a g e . The v a lu e s  a v era g ed  i n  T r ia l  1 w ith  a
range o f  lh # l^  to  1 5 and i n  T r ia l  2 ,  15*3^ w ith  a 
range o f  Vk.1% t o  1 6 .g#  (A p pend ix  T ab le  1 ) .

The am ounts o f  herbage dry m a tte r  a v a i la b le  i n  each  
p lo t

The am ounts o f  dry m a tte r  a v a i la b le  i n  each  
p l o t  i n  T r ia l  1 a v eraged  60 l b .  f o r  cow 1 and 66 l b .  
f o r  cow 2; i n  T r ia l  2 th e y  averaged  33 l b .  f o r  
h e i f e r  1 and 29 l b .  f o r  h e i f e r  2 . As p e r c e n ta g e s  o f  
th e  a n im a ls ’ t h e o r e t i c a l  r eq u irem en ts  a c c o r d in g  to  
a c c e p te d  f e e d in g  s ta n d a r d s  (Woodman, I 6 3 ) t h e s e  
amounts a v e ra g e d  190^ i n  T r ia l  1 and a t  no tim e  c o u ld  
th e  an im als*  consu m ption  o f  herbage have b een  l im i t e d  
b y  sh o r ta g e  o f  h erb a g e . S im i la r ly  i n  T r ia l  2 th e  dry  
m a tter  o f f e r e d  a v eraged  18(% and IkOfo o f  th e
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TABLE 1

Exp. 1: Summary o f  dry m a tte r  in ta k e  r e s u l t s  o f
th e  D if f e r e n c e  m ethod , w ith  s ta n d a r d  e r r o r s

(T e x t  p . 20)

D i f f e r e n c e  m ethod

Mean D.M.
in ta k e  

( I h .  d a i ly )

A verage  
8 am p lin g  
e r r o r  p er  

e s t im a t e  {%)

S tan d ard  
E rro r  
o f  mean

(^ )

T r ia l  1
S t r ip  1 Cow 1 2 1 .3 1 0 .0 8 .3
S t r ip  2 Cow 2 2 5 .9 1 0 .0 9 .9

Mean 2 3 .G 1 0 .0 9 .1

T r ia l  2
S t r i p  1 H e if e r  1 1 3 .8 1 8 .1 2 0 .3
S t r i p  2 H e i f e r  2 1 3 .5 1 1 .5 7 .9

Mean 1 3 .6 1 4 .8 l i+ . l



TABLE 2

E xp. 1; R e s u lt s  f o r  d a y s on w hich  i n t a k e . e s t im a t e s  w ere made 
"by b o th  m ethods

(T e x t  p . 20)

D i f f e r e n c e  m ethod G r a z in g -s im u la t io n  m ethod

Mean D.M.
in t a k e  

( l b . d a i l y )

A verage
sa m p lin g
e r r o r
p e r
e s t im a te

(^ )

S tan d ard  
E rro r  o f  

mean 
in ta k e

(^ )

Mean D.M.
in ta k e  

( l b . d a i l y )

A verage
sa m p lin g
e r r o r
p e r
e s t im a te

(^ )

S tan d ard  
E rro r  o f  

mean 
in ta k e

T r ia l  1
S t r ip  1 

Cow 1 2 1 .0 1 0 .3 9 .4 2 6 .0 1 0 .1 1 0 .0
S t r ip  2 

Cow 2 2 4 .3 1 0 .1 9 .6 2 7 .8 9 .4 8 .3

Mean 2 2 .7 1 0 .2 9 .5 2 6 .9 9 .8 9 .2

T r ia l  2
S t r ip  1 
H e if e r  1 1 5 .8 1 4 .4 1 5 .9 1 3 . 2 7 .5 8 .6
S t r i p  2 
H e i f e r  2 1 4 .2 1 1 .6 9 .2 1 2 .4 8 .0 8 .2

Mean 1 5 .0 1 3 . 0 1 2 .6 1 2 .8 7 .8 8 .4



t h e o r e t i c a l  req u irem en ts  o f  h e i f e r s  1 and 2 
r e s p e c t i v e l y .  On th e  f i f t h  day o f  T r ia l  2 , how ever, 
h e i f e r  1 was o f f e r e d  o n ly  24 l b .  dry m a tte r . Her 
t h e o r e t i c a l  req u irem en t was 21 l b .  and s in c e  100% 
d e f o l i a t i o n  can n ot b e  e x p e c te d  h er  con su m p tion  c o u ld  
have b een  l im i t e d .  The y i e l d  o f  herb age a f t e r  
g r a z in g , h ow ever, was 1007 l b .  d ry  m a tter  p e r  a c r e ,  
and t h i s  was tv /ic e  th e  y i e l d  a llo w e d  b y  W aite  e t  a l .  
( 1 5 6 ) as u n g ra z a b le  b a s a l  h e rb a g e .

The r e l a t i v e  p r e c i s io n  and v a l i d i t y  o f  th e  in ta k e  
e s t im a te s  made b y  th e  two m ethods

The dry m a tte r  in ta k e  e s t im a t e s  are  sum m arised  
i n  T ab le  1 . T ab le  2 g iv e s  av era g e  v a lu e s  o n ly  f o r  
th o s e  d ays in  w hich  th e  r e s u l t s  o f  b o th  m ethods w ere  
a v a i la b l e .

B ia s

No c o n s i s t e n t  d i f f e r e n c e  was found b e tw een  th e  
mean in ta k e  e s t im a te s  made b y  th e  two m eth od s. The 
average  in t a k e s  on days i n  w h ich  r e s u l t s  f o r  b o th  
m ethods were a v a i la b le ,  w ere h ig h e r  f o r  th e  O ra z in g -  
s im u la t io n  m ethod th an  f o r  th e  D if f e r e n c e  m ethod in  
T r ia l  1 and lo w er  i n  T r ia l  2 . I t  was n o t  p r a c t ic a b le  
to  exam ine th e  r e s u l t s  o f  b o th  t r i a l s  b y  a j o in t  
a n a l y s i s ,  b e c a u se  o f  th e  sm a ll  number o f  e s t im a t e s  fo r  
th e  G r a z in g -s im u la t io n  m ethod in  T r ia l  2 . A n a ly s is  
o f  v a r ia n c e  o f  th e  r e s u l t s  f o r  T r ia l  1  show ed t h a t  th e  
d i f f e r e n c e  b etw een  th e  m ethods was n o t s i g n i f i c a n t  
(A p p en d ix  T ab le  2 ) .  The o n ly  s i g n i f i c a n t  e f f e c t  was 
th e  d i f f e r e n c e s  b etw een  d ays ( 0 .0 5  l e v e l ) .  The 
c o e f f i c i e n t  o f  v a r ia t io n ,  how ever, was 3 ^ *

S am p lin g  e r r o r s

I n  T r ia l  1 th e r e  was no c o n s i s t e n t  d i f f e r e n c e  
b etw een  th e  m ethods i n  th e  e r r o r  p e r  in ta k e  e s t im a t e  
c a lc u la t e d  from  th e  v a r ia n c e s  o f  th e  means o f  
in d iv id u a l  f r e s h  sam ple w e ig h ts  w h ich  averaged  10% or
2 . 3  l b . .  A lth ou gh  th e  e r r o r  o f  e s t im a t e s  made b y  th e  
D if f e r e n c e  m ethod in c lu d e d  th e  sum o f  th e  v a r ia n c e s  o f  
two l o t s  o f  sa m p le s , th e  e r r o r s  w ere no h ig h e r  th a n

2 0 .



th o s e  o f  th e  G r a z in g -s i im ila t io n  m ethod. T h is  was 
b e c a u se  ea ch  in ta k e  e s t im a te  made b y  th e  D i f f e r e n c e  
m ethod was th e  a v e ra g e  o f  t e n  sam p les c l ip p e d  b o th  
b e fo r e  and a f t e r  g r a z in g  w h ereas e a c h  e s t im a te  by th e  
G r a z in g -s im u la t io n  m ethod was th e  a v era g e  o f  o n ly  s i x  
sa m p le s . I n  T r ia l  2 , when th e  number o f  sa m p les  
c l ip p e d  in  th e  D if f e r e n c e  m ethod b o th  b e fo r e  and a f t e r  
g r a z in g  was red u ced  to  s i x ,  t o  e q u a l th e  number o f  
sa m p les ta k en  b y  th e  G r a z in g -s im u la t io n  m ethod, th e  
e r r o r s  o f  th e  D i f f e r e n c e  m ethod a v era g ed  13^ and o f  
th e  G r a z in g -s im u la t io n  m ethod 6%. The G r a z in g -  
s im u la t io n  m ethod th e r e fo r e  gave  a lm o st h a l f  th e  
e r r o r s  o f  th e  D if f e r e n c e  m ethod w ith  h a l f  th e  t o t a l  
number o f  sa m p le s .

The V a r i a b i l i t y  o f  th e  in ta k e  e s t im a t e s

(a )  The D if f e r e n c e  m ethod. R e p l ic a t io n  o f  th e  in ta k e  
e s t im a t e s  d id  n o t  su c c e e d  in  r e d u c in g  th e  s ta n d a r d  
e r r o r  o f  th e  mean in ta k e  p er  cow o v e r  s e v e r a l  days  
much b e lo w  th e  a v era g e  s ta n d a r d  e r r o r  o f  in d iv id u a l  
e s t im a t e s  c a lc u la t e d  from  sam ple w e ig h t s .  F o r  
exam ple i n  T r ia l  1 o v er  9 d a y s , th e  a v era g e  sta n d a rd  
e r r o r  p e r  in ta k e  e s t im a te  c a lc u la t e d  from  th e  sam ple  
w e ig h ts  was 10% f o r  ea ch  cow; and th e  s ta n d a r d  
e r r o r  o f  th e  mean o f  n in e  in ta k e  e s t im a t e s  was 8% 
f o r  cow 1 and 10%. f o r  cow 2 . A lth o u g h  th e  day to  
day v a r i a b i l i t y  o f  th e  r e s u l t s  was e l im in a te d  when 
a l l  e ig h t e e n  in ta k e  e s t im a t e s  were s u b je c t e d  to  
a n a l y s i s  o f  v a r ia n c e  (A p pend ix  T ab le 3 )  th e  r e s id u a l  
v a r ia n c e  gave a h ig h e r  e s t im a te  o f  th e  e r r o r s  o f  
in d iv id u a l  v a lu e s  than  th o se  c a lc u la t e d  from  sam ple  
w e ig h t s .  The c o e f f i c i e n t  o f  v a r ia t io n  was 17%*
Here th e  e r r o r  term  in c lu d e d  th e  cow x  d ay  i n t e r a c t io n  
w hich  was n o t  n e c e s s a r i l y  a r e s u l t  o f  e r r o r s  o f  
e s t im a t io n ,  b u t  p o s s ib ly  a l s o  o f  g en u in e  v a r ia t io n s  i n  
in t a k e .  T h is  e r r o r  e s t im a te  a ls o  in c lu d e d  e r r o r s  o f  
d r y  m a tter  c o n te n t  d e te r m in a t io n  and any o th e r  random  
s o u r c e s  o f  e r r o r  and m ust th e r e fo r e  b e  r eg a rd ed  a s  a 
more v a l id  e s t im a te  o f  e r r o r  v a r ia t io n .  D e s p ite  th e

21 .
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lo w  p r e c i s io n  shown i n  th e  a n a l y s i s ,  i t  was p o s s ib le  
t o  show s ig n i f i c a n c e  f o r  th e  d i f f e r e n c e  i n  mean in ta k e  
b etw een  th e  cow s, by  e l im in a t in g  th e  day  to  day  
v a r ia t i o n .  T h is  th e  *t* t e s t  f a i l e d  t o  d o .

A lth ou gh  th e  g r e a t e s t  d e v ia t io n s  from  th e  means 
o f  d a i l y  in ta k e  v a lu e s  w ere g e n e r a l ly  th o s e  w ith  th e  
g r e a t e s t  sam p lin g  e r r o r s ,  i t  d o es n o t  f o l l o w  th a t  th e  
day t o  day  v a r ia t io n s  i n  in ta k e  w ere th e  r e s u l t  o f  
sa m p lin g  e r r o r s .  A h ig h ly  s i g n i f i c a n t  c o r r e la t io n  
was fou n d  in  th e  p r e s e n t  m ethod b e tw een  th e  y i e l d  p e r  
a c r e  o f  herbage dry m a tte r  i n  ea ch  p l o t  and th e  amount 
o f  dry  m a tter  consum ed. The c o r r e la t io n  c o e f f i c i e n t  
i n  T r ia l  1 was r  = 0 .7 8 2  ( s i g n i f i c a n c e  lev e l*  0 .0 0 1 ) .  
The r e g r e s s io n  o f  d a i l y  d ry  m a tte r  in ta k e  on dry  
m a tter  y i e l d s  p er  a c r e  i s  shown i n  P ig .  1 w ith  th e  
a p p r o p r ia te  sa m p lin g  e r r o r  a s s o c ia t e d  w ith  ea ch  v a lu e .  
S in c e  th e  y i e l d  e s t im a te  i s  a component o f  th e  in ta k e  
e s t im a t e ,  a c o r r e la t io n  m igh t have b een  e x p e c te d  
b etw een  th e  tv/o r e s u l t i n g  from  sam p lin g  e r r o r s .  
H ow ever, a s  P ig .  1 sh ow s, o n ly  th e  s m a lle r  d i f f e r e n c e s  
i n  th e  h erbage y i e l d s  from  day to  day w ere th e  r e s u l t  
o f  random e r r o r s  in  sa m p lin g , and t h e i r  e f f e c t  on th e  
in ta k e  e s t im a te d  o v e r  s e v e r a l  days w ould be red u ced  b y  
o p p o s it e  e r r o r  v a r ia t io n s  in  th e  e s t im a t io n  o f  
r e s id u a l  y i e l d s .

E r ro r s  i n  th e  d e te r m in a t io n  o f  th e  d ry  m a tter  
c o n te n t  o f  th e  herbage m igh t a l s o  c a u se  a  c o r r e la t io n  
b etw een  herbage y i e l d s  and in ta k e  e s t im a t e s .  B ut th e  
r e l a t io n s h ip  b etw een  y i e l d s  and in ta k e  w as a l s o  foun d  
f o r  f r e s h  herbage ( n o t  c o m p lic a te d  by  r a i n f a l l ,  w h ich  
was n e g l i g i b l e )  and th e r e  was no r e l a t io n s h ip  b e tw een  
th e  d r y  m a tter  c o n te n t s  o f  th e  herb age b e fo r e  g r a z in g  
and th e  d ry  m atter  in t a k e .

The e f f e c t  o f  h erb age  y i e l d s  on in ta k e  w as, 
t h e r e f o r e ,  a g en u in e  o n e , and a c co u n ted  f o r  much o f  
th e  v a r ia t io n  i n  in t a k e s  from  day t o  d ay . I t  may 
a l s o  b e  s a id  t o  have b een  a d i r e c t  e f f e c t ,  and n o t  th e  
r e s u l t  o f  th e  in f lu e n c e  o f  y i e l d s  p e r  a c r e  on th e
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amount o f  d ry  m a tte r  a v a i la b le  w ith in  each  p l o t ,  w hich  
showed no r e l a t io n s h ip  w ith  in t a k e s  ( P ig .  2 ) .

I n  T r ia l  1 th e  day t o  day v a r ia t io n s  i n  in ta k e s  
o f  th e  two cows were c o r r e la t e d  ( r  =  0 * 9 0 3 ; s i g .  
l e v e l  0 .0 0 1 )  and were r e f l e c t e d  i n  th e  d a i l y  
v a r ia t i o n s  i n  m ilk  y i e l d  r ec o rd ed  a f t e r  an in t e r v a l  o f  
36 h r . ( r  =  0 .7 0 1 ;  s i g .  l e v e l  O .0 5 ) .

(b )  The G ra z in g  s im u la t io n  m ethod. R e p l i c a t io n  o f  
in ta k e  e s t im a t e s  made b y  th e  G r a z in g -s im u la t io n  method  
a l s o  f a i l e d  to  red uce th e  sta n d a rd  e r r o r  o f  th e  mean 
b e lo w  th e  a v e ra g e  sta n d a rd  e r r o r  p er  e s t im a t e  
c a lc u la t e d  from  sam ple w e ig h t s .

No c o r r e l a t io n  was fou n d  b etw een  y i e l d s  p e r  
a cre  and in t a k e  e s t im a te d  by th e  G r a z in g -s im u la t io n  
m ethod, and no c o r r e la t io n  b etw een  th e  e s t im a te d  
in t a k e s  and th e  r e s u l t a n t  m ilk  y i e l d  ( r  = O .I 6 3 ; non­
s i g n i f i c a n t ) .  H ence, a lth o u g h  th e  in t a k e  e s t im a t e s  
made b y  t h i s  m ethod showed lo w e r  v a r i a b i l i t y  th a n  
e s t im a t e s  made b y  th e  D if f e r e n c e  m ethod, t h i s  was n o t  
th e  r e s u l t  o f  g r e a te r  p r e c i s i o n ,  b u t o f  a f a i l u r e  to  
d e t e c t  th e  v a r ia t io n s  in  in ta k e  s u f f i c i e n t l y  
a c c u r a t e ly .

The r e s u l t s  o f  th e  D if f e r e n c e  m ethod m ust 
th e r e f o r e  b e  c o n s id e r e d  th e  more r e l i a b l e ,  a lth o u g h  
th e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  T r ia l  1 b etw een  
th e  mean in t a k e s  e s t im a te d  b y  th e  two m eth od s.

The am ounts o f  h e r b a g e  consum ed

C o n s id e r in g  a l l  th e  r e s u l t s  o f  th e  D if f e r e n c e  
m ethod, th e  mean d a i l y  d ry  m a tte r  in ta k e  o f  th e  two 
m ilk in g  cows i n  T r ia l  1 was 2 3 .6  ± 1 .6 ?  l b .  ( 2 .1 ^  o f  
t h e i r  mean l i v e w e ig h t ) .  Cow 1 a t e  an a v e r a g e  o f
2 1 . 3  ± 1 . 8  l b .  ( 1 . 9% l iv e w e ig h t )  and cow 2 
25*9 ± 2 . 6  l b .  ( 2 . 3^ l i v e w e ig h t ) .  A n a ly s is  o f  
v a r ia n c e  (A p p en d ix  T a b le  3 ) showed t h a t  th e  d i f f e r e n c e  
b e tw een  th e  cows and th e  d i f f e r e n c e s  b etw een  days were 
s i g n i f i c a n t  a t  th e  O. 05  l e v e l .

I n  T r ia l  2 th e  h e i f e r s  a t e  an a v e r a g e  o f
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13*6  t  1*5 I'b* d ry  m a tte r  d a i l y  ( 1 .9 ^  l iv e w e ig h t )  w ith  
a d i f f e r e n c e  o f  l e s s  th an  2 I h .  b e tw een  th e  a n im a ls , a  
d i f f e r e n c e  w hich a n a ly s i s  o f  v a r ia n c e  showed was n o t  
s i g n i f i c a n t .  The c o e f f i c i e n t  o f  v a r ia t io n  o f  33^ was 
h ig h e r  than in  T r ia l  1 h eca tise  o f  g r e a t e r  random  
v a r ia t io n  i n  h erb age y i e l d s .

The amounts o f  herbage consum ed by  a l l  th e  
an im a ls  e x c e p t cow 2 e x p r e sse d  a s  p e r c e n ta g e s  o f  
l iv e w e ig h t  were l e s s  th an  th e  v a lu e  o f  2 . ^  d e term in ed  
b y  W aite  e t  a l .  (1 3 6 )  f o r  c lo s e - f o l d e d  d a ir y  c a t t l e .  
T h is  was n o t due t o  any l i m i t a t i o n  o f  th e  amounts o f  
h erb age a llo w ed  w hich  were g e n e r o u s . A lth ou gh  m ilk  
y i e l d s  in  T r ia l  1 d e c l in e d  d u r in g  th e  e x p e r im e n t, th e  
d e c l in e  had s t a r t e d  b e fo r e  th e  a n im a ls  were  
in d iv id u a l ly  r e s t r i c t e d  in  p l o t s  ( P ig .  3)*  The 
d e c l in e  became s t e e p e r  a s  soon  a s  th e  cows changed  
from  r y e g r a ss  to  c o c k s f o o t .  I n ta k e s  a l s o  d e c l in e d  
from  2 .4 ^  o f  th e  l iv e w e ig h t  on r y e g r a s s  to  1 .6 ^  on 
c o c k s fo o t .  A n a ly s is  o f  v a r ia n c e  o f  fo u r  d ays  
e s t im a t e s  on e a c h  g r a s s  showed t h a t  th e  d i f f e r e n c e  was 
s i g n i f i c a n t  a t  th e  0 .0 1  l e v e l  (A p pend ix  T ab le  31̂ ) •
S in c e  th e  y i e l d s  o f  herbage d id  n o t  show a marked 
d e c l in e  th e  low  p a l a t a b i l i t y  o f  th e  c o c k s fo o t  was 
p ro b a b ly  r e s p o n s ib le  f o r  th e  d e c l in e  in  in t a k e s  and  
m ilk  y i e l d ,  and f o r  th e  low  a v era g e  d a i ly  in t a k e .  I n  
T r ia l  2 a ls o  g r e a te r  in ta k e s  were fou n d  on r y e g r a s s  
th a n  on c o c k s fo o t ,  b u t  th e r e  w ere to o  few  v a lu e s  f o r  
a n a l y s i s .

D is c u s s io n

The r e l a t i v e l y  lo w  sa m p lin g  e r r o r  fou n d  w ith  
th e  G r a z in g -s im u la t io n  m ethod had b een  e x p e c te d  s in c e  
th e  v a r ia n c e  o f  o n ly  one sam ple mean was in c lu d e d  i n  
th e  e r r o r  o f  th e  in ta k e  e s t im a t e .  But th e  r e s u l t s  
showed th a t  t h i s  ap p aren t p r e c i s i o n  was g a in e d  a t  th e  
c o s t  o f  th e  v a l i d i t y  o f  th e  in ta k e  e s t im a t e s .  The 
r e s u l t s  o f  th e  D if f e r e n c e  m ethod w ere o b j e c t i v e ,  s in c e  
th e  sam p les w ere random ly lo c a t e d  and w ere c u t t o  a 
c o n s ta n t  and d e f i n i t e  l e v e l .  I n  th e  G r a z in g -
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s im u la t io n  m ethod, how ever, i t  was found  th a t  p e r s o n a l  
judgem ent was in v o lv e d  n o t  o n ly  in  e s t im a t in g  th e  le v e l ,  
t o  w h ich  th e  a n im a ls  g r a ze d , b u t  a l s o  i n  s im u la t in g  
th e  d e n s i t y  o f  th e  r e s id u a l  h e r b a g e . V ery sm a ll  
e r r o r s  i n  judgem ent may be e x p e c te d  to  make a b ig  
d i f f e r e n c e  to  th e  p lu ck ed  y i e l d  s in c e  t h i s  i s  
e s t im a te d  in  th e  r e g io n  o f  th e  b a s a l  stem  where th e  
g r e a t e s t  d e n s i ty  o f  herbage dry m a tte r  i s  n o r m a lly  
fo u n d . A nother d i f f i c u l t y  w ith  th e  G razin g  
s im u la t io n  m ethod was t o  d e c id e ,  when an i r r e g u l a r i t y  
was fou n d  in  a p r o t e c t io n  c a g e , w h eth er  i t  v/as 
a t t r ib u t a b le  to  th e  e f f e c t s  o f  dung, i n  w hich c a s e  i t  
w ould have b een  r e j e c t e d  by  th e  c a t t l e ,  or to  th e  
e f f e c t s  o f  u r in e ,  i n  w h ich  c a s e  i t  would have b een  
t o t a l l y  consumed (E xp . 7 , p . 9 7 ) ;  and t o  d e c id e  how 
much o f  th e  p e r im e te r  o f  each  i r r e g u l a r i t y  ( i f  due to  
dung) would have b e e n  g r a ze d .

The d eg ree  o f  judgem ent r e q u ir e d  was su ch  t h a t  
d e s p i t e  i t s  low  sa m p lin g  c o s t  i t  was d e c id e d  t o  r e j e c t  
th e  G ra z in g  s im u la t io n  method a s  a p o s s i b l e  a l t e r n a t i v e  
t o  th e  D if f e r e n c e  m ethod, and n o t  t o  a ttem p t a fo rm a l 
com p arison  o f  th e  two m ethods.

The sam p lin g  e r r o r s  o f  th e  D if f e r e n c e  m ethod  
w ere s a t i s f a c t o r i l y  lo w , b u t d id  n o t  in c lu d e  e r r o r s  in  
th e  e s t im a t io n  o f  th e  dry  m a tte r  c o n te n t  o f  th e  
h erb a g e . A more a c c u r a te  e s t im a te  o f  sa m p lin g  e r r o r  
w ould b e  g a in e d  by d r y in g  each  sam ple b e fo r e  w e ig h in g  
i t .  T h is  p roced u re  in  a b ig g e r  exp erim en t m igh t n o t  
b e  p o s s ib le  b e c a u se  o f  th e  demands on d r y in g  
f a c i l i t i e s .  The e s t im a t io n  o f  e r r o r  by a n a ly s i s  o f  
v a r ia n c e ,  how ever, would in c lu d e  e r r o r s  o f  dry m a tte r  
d e te r m in a tio n  and any o th e r  random s o u r c e s  o f  e r r o r .

The a d o p tio n  o f  a fo rm a l random ized d e s ig n  f o r  
in ta k e  e s t im a t io n  i s  o f  im p ortan ce  n o t  o n ly  t o  a l lo w  a 
com p reh en sive  e s t im a te  o f  e r r o r  v a r ia t io n  and to  
red u ce  i t ,  b u t to  overcom e th e  in f lu e n c e  o f  h erb age  
y i e l d s  on in t a k e .  The t r i a l s  r e p o r te d  h ere  showed  
th a t  r e p l i c a t i o n  f a i l e d  to  red u ce  th e  sta n d a rd  e r r o r
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o f  th e  mean in ta k e  e s t im a t e  much b e lo w  th e  sam p lin g  
e r r o r  o f  e a c h  in d iv id u a l  e s t im a t e ,  b e c a u se  o f  th e  
v a r ia t io n s  i n  th e  y i e l d  and p a l a t a b i l i t y  o f  th e  
h erb age  b e tw een  p l o t s .  A dequate r e p l i c a t i o n  o f  b o th  
cows and days w ith  ra n d o m iza tio n  o f  th e  cows and 
a n a ly s i s  o f  v a r ia n c e  w ould en su re  t h a t  d i f f e r e n c e s  
b etw een  cows in  mean in ta k e  were n o t  s im p ly  th e  r e s u l t  
o f  d i f f e r e n c e s  b etw een  cows i n  th e  y i e l d s  o f  h erbage  
o f f e r e d ,  and th a t  g en u in e  v a r ia t io n s  in  in ta k e  
a t t r ib u t a b le  to  herb age y i e l d s ,  to  ch a n g es i n  th e  
p a l a t a b i l i t y  o f  th e  h erb age or p o s s i b l y  to  w eath er  
c o n d it io n s  were n o t  in c lu d e d  in  th e  e s t im a te  o f  random  
e r r o r  v a r ia t io n .

The amounts o f  d r y  m a tter  consumed d a i l y  a s  a 
p e r c e n ta g e  o f  l iv e w e ig h t  were lo w er  th a n  had b een  
e x p e c te d  from  th e  f e e d in g  sta n d a rd s o f  Y/oodman ( I 6 3 ) ,  
b o th  f o r  th e  m ilk in g  cows ( 2 .1 ^ )  and th e  h e i f e r s  ( 1 .9 ^  
and lo w e r  th an  th e  in t a k e s  o f  c lo s e - f o l d e d  m ilk in g  
c a t t l e  e s t im a te d  by  Vf a i  t e  e t  a l .  ( 136) w h ich  averaged  
2 . 3^ o f  th e  l iv e w e ig h t .  The low  y i e l d  and low  
p a l a t a b i l i t y  o f  th e  c o c k s fo o t  sward w ere m a in ly  
r e s p o n s ib le  f o r  t h i s ,  s in c e  th e  am ounts o f  r y e g r a s s  
d r y  m a tte r  consumed d a i l y  b y  th e  two m ilk in g  cows 

a v era g ed  2 .h% o f  th e  l iv e w e ig h t .

The d i f f e r e n c e  i n  mean in ta k e  b e tw een  th e  two 
m ilk in g  cows was p r o b a b ly  a r e s u l t  o f  th e  h ig h  
c o r r e l a t io n  b etw een  h erb age  y i e l d s  and in t a k e ,  and th e  
d i f f e r e n c e  in  y i e l d s  b e tw een  th e  s t r i p s  w h ich  each  cow 
g r a z e d . The two m ilk in g  cows showed a s l i g h t l y  
h ig h e r  a v era g e  d a i l y  dry m a tter  in ta k e  a s  a p e r c e n ta g e  
o f  l iv e w e ig h t  ( 2 .1 ^ )  th a n  th e  two h e i f e r s  (1*9^ )  
a lth o u g h  th e  y i e l d s  o f  herbage e n c o u n te r e d  b y  th e  
h e i f e r s  were s l i g h t l y  h ig h e r .  T h ese  o b s e r v a t io n s  
s u g g e s t  p o s s ib l e  d i f f e r e n c e s  in  a p p e t i t e  b etw een  
d i f f e r e n t  c l a s s e s  o f  c a t t l e ,  or d i f f e r e n c e s  in  th e  
p a l a t a b i l i t y  o f  th e  h e r b a g e , b u t no d e f i n i t e  
c o n c lu s io n  can b e  drawn, from  th e  l im i t e d  d a ta  o f  th e s e  
t r i a l s .
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Summary and C o n c lu s io n s

1 . Two s h o r t  p r e lim in a r y  t r i a l s  w ere c a r r ie d  ou t  
p r im a r ily  to  e s t a b l i s h  th e  p r a c t i c a b i l i t y  o f  a  
p roced u re  i n  w hich  c a t t l e  w ere c o n f in e d  to  
in d iv id u a l  p l o t s  f o r  c o n s e c u t iv e  24  h r . g r a z in g  
p e r io d s ,  and t o  d eterm in e  th e  o rd er  o f  p r e c i s i o n  
o b ta in e d  when dry m a tter  con su m p tion  was e s t im a te d  
b y  what i n  t h i s  work h as b e e n  c a l l e d  th e  
‘D i f f e r e n c e ’ m ethod.

2 . I n  th e  ‘D if fe r e n c e *  m ethod th e  amount o f  h erb age  
dry m a tte r  consum ed i n  each  p l o t  was e s t im a te d  
from  h erb age sam p les c l ip p e d  t o  ground l e v e l  
b e fo r e  and a f t e r  th e  g r a z in g  p e r io d .

3 .  Some e s t im a t e s  o f  in ta k e  were a l s o  made b y  what in  
t h i s  work h a s b e e n  c a l l e d  th e  ‘G r a z in g -s im u la tio n *  
method i n  w h ich  h erbage p r o t e c t e d  from  g r a z in g  was 
p lu ck ed  by hand t o  th e  l e v e l  o f  th e  g ra zed  
herbage a t  th e  end o f  th e  24 h r . g r a z in g  p e r io d .

4# I n  T r ia l  1 ,  Y/hich l a s t e d  9 d a y s , th e  d a i l y  dry
m a tter  in t a k e s  o f  two m ilk in g  cows were e s t im a te d ,  
and i n  T r ia l  2 ,  w hich l a s t e d  8 d a y s , th e  in t a k e s  
o f  two h e i f e r s  were e s t im a te d .

5 .  The r e s u l t s  showed t h a t  th e  ‘ G r a z in g -s im u la tio n *  
method a c h ie v e d  a lo w  sam ple v a r i a b i l i t y ,  b u t  
f a i l e d  to  d e t e c t  g en u in e  v a r ia t io n s  i n  in ta k e  
ow ing t o  th e  h ig h  d eg ree  o f  p e r s o n a l  judgem ent i t  
in v o lv e d .

6 .  In ta k e  e s t im a t e s  made by th e  ‘D if fe r e n c e *  m ethod  
showed a r e l a t io n s h ip  b e tw een  h erb age y i e l d s  and  
in ta k e  w hich ca u sed  day t o  d ay  v a r ia t io n s  i n  
in ta k e  in d ep en d en t o f  sa m p lin g  e r r o r .

7 . The iiïQ )ortance o f  a d o p tin g  a fo rm a l random ized  
e x p e r im e n ta l d e s ig n  was s t r e s s e d  i n  o rd er  t o  
e l im in a te  th e  e f f e c t s  o f  v a r ia t i o n  i n  h erb age  
y i e l d s  or p a l a t a b i l i t y  from  th e  m ain e f f e c t s .
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8 . The d a i l y  d ry  m a tter  in t a k e s  o f  th e  two m ilk in g  
cows i n  T r ia l  1 a v era g ed  2 .1 ^  o f  t h e i r  l iv e w e ig h t  
and f o r  th e  two h e i f e r s  i n  T r ia l  2 th e  
c o r r e sp o n d in g  f ig u r e  was 1*9^ . The c o e f f i c i e n t s  
o f  v a r ia t i o n  were 17^ and 3 ^  r e s p e c t i v e l y .



EXFSRILISNT 2

A Stu dy o f  some F a c to r s  A f f e c t in g  th e  I n d iv id u a l  
D a i ly  H erbage Dry M atter  In ta k e  o f  D a ir y  Cows 

d u r in g  24  h r . G razin g  P e r io d s

I n tr o d u c t io n

I n  E xperim ent 1 two s h o r t  p r e lim in a r y  t r i a l s  
were d e s c r ib e d , w h ich  e s t a b l i s h e d  th e  p r a c t i c a b i l i t y  
o f  c o n f in in g  cows in d iv i d u a l ly  i n  sm a ll  p l o t s  i n  o rd er  
t o  e s t im a te  t h e i r  h erbage dry m a tter  in ta k e  d u r in g  
c o n s e c u t iv e  24  h r . g r a z in g  p e r io d s  b y  p a s tu r e  sam p lin g  
m eth ods.

I n  what was c a l l e d  th e  ‘D if fe r e n c e *  m ethod, th e  
amount o f  h erb age  dry  m a tte r  consumed i n  ea ch  p l o t  was 
e s t im a te d  from  herbage sam p les c l ip p e d  t o  ground l e v e l  
i n  random d i s t r i b u t io n  b e fo r e  and a f t e r  th e  g r a z in g  
p e r io d . T h is  m ethod gave o b j e c t iv e  e s t im a t e s  o f  
in ta k e  w ith  s u f f i c i e n t  p r e c i s i o n  to  show a d i f f e r e n c e  
b etw een  two e x p e r im e n ta l cows in  mean d ry  m a tte r  
in ta k e  o v e r  9 d a y s , and a l s o  v a r ia t io n s  i n  in ta k e  
w h ich  were a p p a r e n tly  r e l a t e d  to  th e  y i e l d  p er  a c r e  o f  
h erb age  dry m a tte r  and to  th e  s p e c ie s  o f  herb age  
g r a z e d . Some in ta k e  e s t im a t e s  were a l s o  made b y  th e  
‘G r a z in g -s im u la tio n *  m ethod in  w h ich  h erb age  p r o te c te d  
from  g r a z in g  was p lu ck ed  by hand to  th e  l e v e l  o f  th e  
g ra zed  h erb age a t  th e  end o f  th e  24  h r . g r a z in g  p e r io d .  
A lth o u g h  t h i s  m ethod a c h ie v e d  a g r e a te r  s t a t i s t i c a l  
p r e c i s i o n ,  th e  r e s u l t s  w ere l e s s  o b j e c t iv e  and f a i l e d  
t o  d e t e c t  g en u in e  v a r ia t io n s  i n  in t a k e .

I t  was d e c id e d , t h e r e f o r e ,  to  ad op t th e  
* D if f e r e n c e  * m ethod f o r  su b seq u e n t in ta k e  e s t im a t io n s ,  
and t o  im prove th e  p r e c i s io n  o f  th e s e  e s t im a t e s  by  
a d o p tin g  fo rm a l e x p e r im e n ta l d e s ig n s  w ith  g r e a te r  
r e p l i c a t i o n .  In  t h i s  way r e l ia n c e  w ould  n o t  b e  
p la c e d  on p l o t  sa m p lin g  e r r o r s  a lo n e  to  a s s e s s  th e  
p r e c i s i o n  o f  th e  r e s u l t s ,  b u t on a n a ly s i s  o f  v a r ia n c e .  
T h is  p roced u re  w ould show th e  s i g n i f i c a n c e  o f  
v a r ia t i o n s  in  in ta k e  and would a s s e s s  th e  t o t a l  e r r o r ,  

in c lu d in g  sam p lin g  e r r o r s ,  from  th e  r e s id u a l  v a r ia n c e .
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I n  th e  exp erim en t r e p o r te d  h ere  two s h o r t  t r i a l ^  
were co n d u cted  u s in g  th e  ‘D if fe r e n c e *  m ethod w ith  a  
la r g e r  number o f  a n im a ls  than  w ere u se d  i n  th e  f i r s t  
t r i a l  so  a s  t o  a l lo w  th e  a d o p t io n  o f  L a t in  Square  
d e s ig n s  o f  in d iv id u a l  cow -day  in ta k e  e s t im a t e s .  The 
o b j e c t  was t o  g a in  an a c c u r a te  e s t im a te  o f  th e  mean 
d a i l y  h erb age  dry  m a tte r  in ta k e  i n  b o th  t r i a l s ,  and 
t o  d e term in e  th e  c a u se s  and e x te n t  o f  any v a r ia t io n s  
from  th e  mean.

E x p e r im e n ta l

The p a s t u r e s

The f i r s t  t r i a l  was co n d u cted  on two paddocks  
o f  a f i e l d  w hich  had b een  sown i n  th e  s p r in g  o f  th e  
p r e v io u s  y e a r  w ith  a h eavy  s e e d  r a t e  (4 0  l b . / a c r e )  o f  
a s e e d s  m ix tu re  c o n s i s t i n g  p r ed o m in a n tly  o f  A y r sh ir e  
h ay  ty p e  r y e g r a s s ,  w hich  in c lu d e d  b o th  r e d  and w h ite  
c lo v e r .  The seco n d  t r i a l  was co n d u cted  on a n o th er  
two paddocks o f  th e  same f i e l d ,  w h ich  had b e e n  sown a t  
th e  same tim e w ith  a l i g h t  s e e d  r a t e  (1 7  lb  . / a c r e )  o f  
a l a t e  p a s tu r e  s t r a i n  o f  r y e g r a s s  323  and l i  l b . / a c r e  
o f  8100  w h ite  c lo v e r .  A lth o u g h  t h e s e  t r i a l s  on b o th  
sw ard s were co n d u cted  i n  th e  s p r in g  o f  th e  f i r s t  
h a r v e s t  y e a r  a f t e r  s e e d in g  th e r e  was no marked 
d i f f e r e n c e  b e tw een  th e  sw ards i n  ground c o v e r  ow ing to  
th e  s u p e r io r  t i l l e r i n g  c a p a c ity  o f  th e  823  s t r a i n  and 
th e  p r e se n c e  o f  unsown s p e c i e s ,  i n  p a r t i c u la r  ann ual 
meadow g r a s s  (P oa  annua) .

The D e s ig n  o f  t h e  e x p e r im e n t

A 6 X 6 L a t in  sq uare d e s ig n  was ad op ted  f o r  
ea ch  t r i a l ,  i n  w h ich  th e  d a i l y  h erb age d ry  m a tte r  
in t a k e s  o f  s i x  cows were e s t im a te d  f o r  s i x  
c o n s e c u t iv e  d a y s . The d e s ig n s  app eared  a s  f o l lo w s :



(T he l e t t e r s  A-P r e f e r  h e r e  to  cows 1 -6 )

T r ia l  1 /C om m ercia l r y e g r a s s

S t r ip s

Paddock 1 Paddock 2

1 2  3 4 3 6

Days 6
3
4  
3  
2 
1

P E B 
D C A  
0 P D 
E D P 
B A E 
A B C

A D C  
B P E 
E A B 
C B A 
P C D  
D E P

T r ia l  2 /P e d ig r e e  r y e g r a s s

S t r ip s

Paddock 1 Paddock 2

1 2 3 4 3 6

Days 6

3
4  
3 
2  
1

F E D  
C D B 
D P E 
E C A 
B A P  
A B C

B C A 
E A P 
A B C  
D P B 
C D E 
F E D

M ethod

I n  each  t r i a l  ea ch  paddock was su b d iv id e d  b y  
two p a r a l l e l  e l e c t r i c  w ir e s  so  t h a t  a t o t a l  o f  s i x  
s t r i p s  were form ed. S m a ll s in g le - c o w  paddocks w ere  
made by ru n n in g  two p a r a l l e l  e l e c t r i c  w ir e s  a c r o s s  th e  
s t r i p s .  T hese two c r o s s  w ir e s  w ere moved forw ard  
on ce  d a i l y  on t o  f r e s h  g r a s s  w hose y i e l d  i n  ea ch  p l o t  
so  form ed was e s t im a te d  b y  sa m p lin g . Each cow was 
moved in t o  a p l o t  i n  a d i f f e r e n t  s t r i p  e v e r y  24 h r .  
a c c o r d in g  to  th e . L a t in  sq u are d e s ig n  so  th a t  no cow  
g r a ze d  in  th e  same s t r i p  tw ic e  i n  th e  c o u r se  o f  6 d ays

I n  T r ia l  1 ,  s t r i p s  2 and 5 w ere c o n ta in e d  b y  
s i n g l e  s tr a n d  e l e c t r i c  f e n c in g  so  th a t  th e  cows on
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e i t h e r  s id e  were a b le  t o  g ra ze  18 i n .  in t o  th e s e  
s t r i p s .  I n  T r ia l  2 , two e l e c t r i c  w ir e s  (1* and 2*8” 
above ground l e v e l )  were u sed  so  t h a t  no cow was a b le  
t o  g ra ze  beyond th e  a r ea  d e f in e d  a s  * p lo t  area* b y  th e  
e l e c t r i c  and perm anent f e n c in g .  Any d i f f e r e n c e s  i n  
in ta k e  betw een  cows sh o u ld , t h e r e f o r e ,  have b een  shown 
more c l e a r l y  in  T r ia l  2 .

P l o t  s i z e s

P lo t  s i z e s  were f i x e d  in  th e  p r e lim in a r y  p e r io d  
p r e c e d in g  ea ch  t r i a l ,  th e  o b je c t  b e in g  to  a l lo w  
am ounts o f  h erb age  w h ich  w ould be s l i g h t l y  in  e x c e s s  
o f  th e  p ro b a b le  req u irem en ts  o f  e a c h  an im al f o r  one  
d ay . Too g r e a t  an a llo w a n ce  w ould in c r e a s e  th e  
v a r i a b i l i t y  o f  th e  r e s u l t s  b y  e n c o u r a g in g  extrem e  
s e l e c t i v i t y  i n  g r a z in g , and b y  r e d u c in g  th e  amount o f  
h erb age  consumed p e r  u n i t  a r ea  to  a v e r y  sm a ll f r a c t i o n  
o f  th e  t o t a l  h erb age y i e l d .

The a v era g e  s i z e  o f  th e  p l o t s  in  T r ia l  1 was 
740 sq . f t . .  The s i z e  was red u ced  i n  T r ia l  2 by 47^  
( t o  390 sq . f t . )  t o  c o r r e c t  a p p ro x im a te ly  f o r  a 33/3 
in c r e a s e  i n  th e  y i e l d s  o f  h erbage p er  a c re  found i n  
th e  p r e lim in a r y  p e r io d  o f  th a t  t r i a l .  V a r ia t io n s  in  
th e  y i e l d s  o f  h erb age  in  T r ia l  2 how ever were su ch  
t h a t  i n s u f f i c i e n t  h erbage may have b een  a llo w e d  in  
some o f  th e  p l o t s .  T h is  w i l l  be d is c u s s e d  l a t e r .

The e s t im a t io n  o f  y i e l d s  p er  p l o t  and th e  c a lc u l a t io n  
o f  in ta k e

The h erb age y i e l d s  b e fo r e  g r a z in g  w ere e s t im a te ^  
b y  hand c l ip p in g  t o  ground l e v e l  t e n  sam p les o f  
h e r b a g e , ea ch  from  a frame o f  4 * 8  s q . f t .  d i s t r ib u t e d  
a t  random. (The p roced u re  in  e s t im a t in g  th e  dry  
m a tte r  c o n te n t  and th e  p r e c i s io n  o f  th e  sam ple means 
was d e sc r ib e d  i n  S xp . 1 -  p . 17)-. I n  th e  p r e s e n t  
exp erim en t th e  t o t a l  area  and th e  number o f  in d iv id u a l  
l o t s  o f  f a e c e s  dropped by  each  cow d a i l y  were e s t im a te ^ .  
T h is  in c lu d e d  an e s t im a te  f o r  e a c h  p l o t  o f  th e  a r e a  o f  
e d ib le  herbage t h a t  was fo u le d  b y  fa e c e s ;  dropped  
d u r in g  th e  f i r s t  g r a z in g  s e s s i o n .  The t o t a l  a r ea



f o u le d  and th e  t o t a l  a rea  u se d  f o r  sam p lin g  were 
d ed u cted  from  th e  g r o s s  p l o t  a r e a  to  g iv e  th e  n e t  p l o t  
a r e a  from  w hich th e  amount o f  h erb age  a v a i la b le  t o  th e  
cow was c a lc u la t e d .  (T h is  p ro ced u re  was fo l lo w e d  i n  
a l l  su b seq u en t e x p e r im e n ts  a lth o u g h  th e  e f f e c t  o f  th e  
c o r r e c t io n  on th e  r e s u l t s  was n e g l i g i b l e .  F u r th e r  
d e t a i l s  o f  th e  p ro ced u re  are  g iv e n  i n  E xperim ent ?• )

D u rin g  th e  p r e lim in a r y  p e r io d  o f  4  days w h ich  
p r e c e d e d  each  t r i a l ,  i t  was found t h a t  th e  r e s id u a l  
h erb age  was e x tr e m e ly  un even . I t  was d e c id e d  th e n  to  
a s s e s s  th e  r e s id u a l  h erbage i n  e a ch  p l o t  b y  f i r s t  
mowing i t  l e v e l  w ith  a m o to r -s c y th e . The mown
herb age was w eigh ed  and i t s  dry  m a tte r  c o n te n t  
d e ter m in e d , a f t e r  w h ich  th e  r e s id u e  l e f t  by th e  mower 
was a s s e s s e d  i n  th e  u s u a l  way b y  h a n d -c l ip p in g  t o  
ground l e v e l  w it h in  random ly lo c a t e d  sa m p lin g  fra m es. 
O nly f i v e  sam p les w ere c u t ,  b e c a u se  th e  amount o f  
h erb age  rem a in in g  a f t e r  mowing was sm a ll  and an e r r o r  
i n  i t s  e s t im a t io n  c o u ld  n o t a f f e c t  th e  in ta k e  e s t im a te  
v e r y  s e r i o u s l y .

The e s t im a te  o f  in ta k e  was th e n  c a lc u la t e d  a s  
f o l lo w s ;

(E s t im a te d  dry m a tte r  y i e l d  — (D ry m a tte r  i n  herbage  
o f  p l o t  b e fo r e  g r a z in g )  mown o f f  +- e s t im a te d

r e s id u e  p e r  p l o t  
a f t e r  mowing)

The e x p e r im e n ta l c a t t l e

The s i x  A y r sh ir e  cows a v a i la b le  f o r  th e  
ex p er im en t were in  g e n e r a l  r e l a t i v e l y  l i g h t  i n  w e ig h t  
and m oderate i n  m ilk  y i e l d .  (App. T ab le  4 ) .  T h e ir  
average  l i v e w e i ^ t  was 955 l b .  w ith  a ran ge  from  
847 l b . , f o r  cow 5 t o  I I 69 l b .  f o r  cow 3* T h e ir  
in d iv id u a l  average  d a i l y  y i e l d s  d u r in g  th e  two t r i a l s  
ran ged  from  n i l  fo r  cow 3 9 w hich was d ry  b e fo r e  T r ia l  
1 b eg a n , to  28 l b .  f o r  cow s 2  and 6 . Cow 1 became 
d ry  b etw een  th e  two t r i a l s .

The b e h a v io u r  o f  th e  c a t t l e

The b eh a v io u r  o f  th e  c a t t l e  was o b ser v ed  f o r  
2 0 .6  h ou rs o f  one 24 h r . p e r io d  o f  T r ia l  2 , d u r in g
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w h ich  th e  cows were c o n f in e d  i n  th e  p l o t s .  T h is  was 
done to  d e t e c t  any marked d i f f e r e n c e  th e r e  m igh t be  
b etw een  th e  b eh a v io u r  o f  cows i n d iv i d u a l ly  c o n f in e d  i n  
sm a ll p l o t s ,  and th e  known b e h a v io u r  o f  s im i la r  cows 
o f  th e  same h erd  under o r d in a r y  g r a z in g  management 
sy s tem s ( 1 5 7 ) .  The a c t i v i t i e s  r e c o r d e d  w ere g r a z in g ,  
r u m in a tin g , and s ta n d in g  or  l y i n g  w ith  o r  w ith o u t  
r u m in a tin g .

W eather c o n d it io n s  d u r in g  th e  t r i a l s

S in c e  w eath er  c o n d it io n s  m ust be c o n s id e r e d  a s  
a p o s s i b l e  f a c t o r  in f lu e n c in g  th e  h erb age  in ta k e  o f  
c a t t l e  a t  p a s tu r e , and i t s  e s t im a t io n ,  a  b r i e f  
d e s c r ip t io n  o f  th e  w ea th er  a t  th e  tim e  o f  th e  
exp er im en t i s  g iv e n  h e r e . D e t a i l s  are  g iv e n  in  
A ppendix  T ab le  5*

I n  T r ia l  1 th e r e  was heavy r a i n f a l l  in  th e  1 s t  
and 3rd  d ays and some r a in  on ea ch  o f  th e  rem a in in g  
4  d a y s . B etw een  sh ow ers th e r e  were some i n t e r v a l s  o f  
b r ig h t  s u n s h in e , b u t  tem p era tu res  were o n ly  m od erate . 
I n  T r ia l  2 th e r e  was no r sd n . T em peratures were a t  
f i r s t  much h ig h e r  th a n  i n  T r ia l  1 , b u t  a s  th e  t r i a l  
p r o g r e s s e d  th e  tem p era tu re  d e c l in e d  w ith  d e c l in in g  
s u n s h in e , th e  sk y  b ecom in g  o v e r c a s t  and th e  atm osphere  
s t i l l  and humid. As a con seq u en ce  o f  t h i s  th e  c a t t l e  
s u f f e r e d  some in t e r f e r e n c e  from  f l i e s .

R e s u lt s

The y i e l d s  and q u a l i t y  o f  th e  herbage

H erbage y i e l d s  p er  a c r e . The a v era g e  y i e l d  o f  th e  
sward g r a ze d  i n  T r ia l  1 was 2553 l b .  d ry  m a tte r  p er  
a c r e ,  and i n  T r ia l  2 , 3895 l b .  dry m a tte r  p e r  a c r e .
The a v e ra g e  y i e l d  o f  f r e s h  herbage was e x tr e m e ly  h ig h ,  
a v e r a g in g  2 1 ,8 0 0  l b .  p e r  a c r e .  (A p p en d ix  T ab le  6 
g iv e s  dry m a tte r  y i e l d s  p e r  a c re  f o r  in d iv id u a l  p l o t s )

The a v era g e  y i e l d s  p er  a c re  o f  t h e  herbage  
appear to  be h ig h e r  th a n  m igh t be  e x p e c te d  o f  herbage  

g r a ze d  a t  th e  lo n g  l e a f y  s t a g e  o f  grow th  a s  i n  t h i s  
ex p e r im en t, p a r t ly  b e c a u se  th e  y i e l d  e s t im a t io n s  were
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made to  ground l e v e l  and th u s  in c lu d e d  th e  d en se  s o l e  
o f  th e  sw ard. The sw ards a l s o  w ere e x tr e m e ly  d en se  
and s u c c u le n t  a s  a r e s u l t  o f  p r e v io u s  n i t r o g e n  
a p p l ic a t io n  and o f  w eath er  c o n d it io n s  w h ich  en cou raged  
r a p id  grow th . The h e ig h t  o f  th e  sw ards n e v e r  ex ceed ed  
12” h u t some s e e d  heads were b e g in n in g  t o  app ear i n  
th e  sward i n  T r ia l  1 . Due t o  th e  l e a f y  l a t e -  
f lo w e r in g  c h a r a c t e r i s t i c s  o f  th e  823  r y e g r a s s  g ra zed  
in  T r ia l  2 ,  h e a v ie r  y i e l d s  were fou n d  to  o ccu r  w ith o u t  
th e  fo r m a tio n  o f  any s e e d  h e a d s .

I n  T r ia l  1 th e  f r e s h  h erb age  and dry m a tte r  
y i e l d s  i n  s t r i p s  1 ,  2 and 3 , w ere on a v era g e  s l i g h t l y  
g r e a t e r  th an  th o s e  o f  s t r i p s  4» 5 and 6 , due to  t h e i r  
l o c a t i o n  i n  d i f f e r e n t  p ad d ock s. F or  th e  same r e a so n  
i n  T r ia l  2 , s t r i p s  1 , 2 and 3 showed lo w e r  y i e l d s  than  
s t r i p s  4 ,  5 and 6.

The crude p r o t e in  c o n te n t  o f  th e  herbage dry m a tte r

The h ig h e r  q u a l i t y  o f  th e  herbage i n  T r ia l  2 
was con firm ed  by  a n a ly s is  o f  a number o f  co m p o site  
herbage sam p les f o r  th e  cru de p r o t e in  c o n te n t  o f  th e  
dry  m a tter  (App. T ab le  ? ) •  I n  T r ia l  1 ,  crude p r o t e in  
c o n te n t s  o f  th e  t o t a l  herb age b e fo r e  g r a z in g  v a r ie d  
from  8 .5  t o  9 » 6 ^  o f  th e  dry m a tte r , a v e r a g in g  9 .1 ^ ,  
and i n  T r ia l  2 from  1 5 .1  t o  1 9 .9 ^ , a v e r a g in g  17*1^ . 
D e s p it e  th e  g r e a t e r  v a r i a b i l i t y  o f  th e  a n a ly s e s  i n  
T r ia l  2 , i t  i s  o b v io u s  t h a t  th e  cru de p r o t e in  c o n te n ts  
were f a r  h ig h e r  th a n  i n  T r ia l  1 ,  and c o n s id e r in g  th e  
se a s o n  a t  w h ich  th e  t r i a l  to o k  p la c e ,  th e y  a r e  
p ro b a b ly  a r e f l e c t i o n  o f  th e  l a t e r  f lo w e r in g  
c h a r a c t e r i s t i c s  o f  th e  r y e g r a s s  s t r a i n  o f  T r ia l  2 ,  
w hich  w ould r e s u l t  i n  a g r e a te r  p r o p o r t io n  o f  l e a f  to  
stem .

A c co r d in g  to  W atson 's (1 5 9 )  r e g r e s s io n  e q u a tio n  
f o r  f r e s h l y  c u t  herbage ( 8 . 2 .  =  Q .6886x  47*97  when
X = th e  crude p r o t e in  c o n te n t )  th e  s t a r c h  e q u iv a le n t  
o f  th e  herb age dry m a tter  was 54  i n  T r ia l  1 and 60 in  
T r ia l  2 . The s ta r c h  e q u iv a le n t s  o f  th e  herb age  
a c t u a l ly  consum ed w ould , o f  c o u r s e ,  be h ig h e r  th a n  
th e s e  v a lu e s  and w ould depend p a r t l y  on th e  l e n g t h  o f



th e  h erbage t h a t  rem ained u n e a te n  and th e  p r o p o r t io n  
o f  stem  to  l e a f  th a t  i t  c o n ta in e d .

D ry m a tte r  c o n te n t s

The a v era g e  dry m a tte r  c o n te n ts  o f  th e  t o t a l  
h erb age p e r  p l o t  b e fo r e  g r a z in g  w ere 1 4 * ^  i n  T r ia l  1 
and 14*8$S i n  T r ia l  2 . T hese v a lu e s  are  v i r t u a l l y  
i d e n t i c a l  and v ery  low , a r e s u l t  m a in ly  o f  r a p id  and 
lu x u r ia n t  grow th  b rou gh t ab ou t by  fa v o u r a b le  w eath er  
c o n d it io n s  and th e  n itr o g e n o u s  f e r t i l i s e r  th a t  had been  
a p p lie d . The g e n e r a l ten d e n c y  in  b o th  t r i a l s  was fo r  
d ry  m a tte r  c o n te n t s  to  in c r e a s e  v e r y  s l i g h t l y  a s  each  
t r i a l  ad van ced .

The am ounts o f  dry  m a tter  p er  p l o t

S in c e  h erb age in ta k e  i s  l i a b l e  to  b e  l im i t e d  by  
th e  amount o f  dry  m a tter  a llo w e d  p er  p l o t ,  th e  d a ta  
g iv e n  i n  A p pend ix  T ab le  8 were s tu d ie d  i n  d e t a i l .
I n  T r ia l  1 th e  t o t a l  dry m a tte r  p e r  p l o t  (4 0  l b . )  
g r e a t ly  e x c e e d e d  th e  p ro b a b le  n ee d s  o f  th e  cows e x c e p t  
f o r  one v a lu e ,  th a t  f o r  cow. 4  on day 6 . In  T r ia l  2 
an a v era g e  o f  o n ly  31 l b .  dry m a tte r  was o f f e r e d  and 
a t  t h i s  l e v e l  any v a r ia t io n s  i n  th e  t o t a l  amount o f  
h erbage d ry  m a tte r  p er  p l o t  o r  i n  th e  p r o p o r t io n  o f  th^  
t o t a l  w h ich  th e  cows were a b le  to  consume m igh t have  
l im i t e d  th e  in ta k e  i n  some p l o t s .  To m a in ta in  a 
c o n s ta n t  l e v e l  o f  in ta k e  in  T r ia l  2 th e  cows w ould hav$  
t o  g ra ze  more c l o s e l y  than  th e y  d id  in  th e  f i r s t  t r i a l  
The r e d u c t io n  in  p lo t  s i z e s  i n  T r ia l  2 was th e r e fo r e  
p ro b a b ly  e x c e s s i v e ,  a lth o u g h  i t  m igh t have b een  
th o u g h t from  th e  app earance o f  th e  g ra zed  r e s id u e s  
t h a t  am ple f r e s h  herbage had b een  o f f e r e d .  The low  
dry m a tter  a llo w a n c e s  o c cu rr ed  a lm o st e x c l u s i v e l y  i n  
s t r i p s  2 and 5 ,  where th e  p l o t  a r e a s  w ere s l i g h t l y  
s m a lle r .

A n a ly se s  o f  v a r ia n c e  (App. T ab le  9 ) showed th a t  
w ith in  e a c h  t r i a l  th e  d i f f e r e n c e s  b etw een  d ays and 
b etw een  s t r i p s  were s i g n i f i c a n t ,  b u t th e r e  were no 
s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  cow s. A n a ly s is  o f  
v a r ia n c e  o f  th e  p o o le d  d a ta  showed th e  same r e s u l t s .
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TABLE 3

Exp* 2: Dry m a tte r  in ta k e s  ( I D ./ c o y / day)
(T e x t  p . 37 )

Cows

1 2 3 4 5 6 D a i ly  Mean

T r ia l  1
D ays

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

3 1 7 .0 1 2 .0 1 9 .0 2 3 .4 2 6 .6 2 0 .9 1 9 .8

h 1 5 .9 2 0 .3 1 7 .2 2 4 .1 1 4 . 4 1 9 .7 1 8 .6

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

Cow mean 1 9 .6 1 8 .3 1 9 .5 2 1 .5 2 2 .1 1 9 .5 2 0 .1  ± 0 .6

T r ia l  2
Days

1 2 0 .8 2 0 .7 1 6 .8 2 2 .0 2 1 .4 1 8 .9 2 0 .1
2 2 0 .6 1 5 .1 1 8 .2 1 8 .2 2 0 .4 2 3 .3 1 9 .3
3 2 2 .1 2 1 .1 1 8 .4 1 9 . 6 1 4 .9 2 0 .3 1 9 .4
k 2 5 .4 1 5 .7 1 8 .2 2 4 .4 2 2 .6 2 5 .0 2 1 .9
5 2 5 .5 2 0 .2 1 9 .7 2 1 .0 2 7 .3 2 0 .3 2 2 .3
6 3 1 .1 1 8 .1 1 4 .4 2 0 .2 2 6 .1 2 2 .2 2 2 .0

Cow mean 2 4 .3 1 8 .5 1 7 .6 2 0 .9 2 2 .1 2 1 .7 2 0 .8  ± 0 . 5

Mean
b o th
t r i a l s

2 1 .9 1 8 .4 18 .6 . 2 1 .2 2 2 .1 2 0 .6 2 0 .5  Î  0 . 4



w ith  a s i g n i f i c a n t  c o w -o n -p e r io d  i n t e r a c t io n .

A summary o f  th e  d i f f e r e n c e s  b etw een  th e  two t r i a l s  in  
g r a z in g  c o n d it io n s

I n  a d d it io n  to  th e  d i f f e r e n c e  i n  h erbage  
s t r a i n s  b etw een  t r i a l s .  T r ia l  2 d i f f e r e d  from  T r ia l  1 
i n  t h a t  th e  y i e l d s  p e r  a c re  o f  dry  m a tte r  w ere about 
1& t im e s  a s  g r e a t  a s  th o s e  in  T r ia l  1 ,  and crude  
p r o t e in  c o n te n ts  were a lm o st d ou b led . P lo t  s i z e s ,  
h ow ever, were red u ced  i n  T r ia l  2 , w ith  th e  r e s u l t  t h a t  
th e  amount o f  d ry  m a tte r  a llo w ed  p e r  p l o t  d e c l in e d  
from  2+0 l b .  to  31 l b . .  There was in t e r m it t e n t  h eavy  
r a i n f a l l  d u r in g  T r ia l  1 , and no r a i n f a l l  a t  a l l  d u r in g  
T r ia l  2 . The dry m a tte r  c o n te n ts  o f  th e  h erb age i n  
b o th  t r i a l s  w ere e x tr e m e ly  lo w , a v e r a g in g  11*.. 7^ . The 
day t o  day mean tr e n d s  i n  herbage dry m a tter  y i e l d s  
p e r  a c r e ,  dry m a tte r  y i e l d s  p er  p l o t ,  d ry  m a tter  in ta k $  
and h erb age dry m a tte r  c o n te n t s ,  a re  sum m arized i n  

P ig .  U»

F r e s h  h erb a g e  i n t a k e s

The a v era g e  d a i l y  in ta k e  o f  f r e s h  herbage  
e s t im a t e s  i n  T r ia l  1 was II48 l b .  and i n  T r ia l  2 ,
156  l b .  (App. T a b le  1 0 ) .  A n a ly s is  o f  v a r ia n c e  showed  
t h a t  th e  d i f f e r e n c e  was s i g n i f i c a n t  a t  th e  O.0 5  l e v e l .  
The c o e f f i c i e n t  o f  v a r ia t io n  was 11*.̂  or  22 l b .  p e r  
p l o t  (App. T a b le  1 1 ) .  There were s i g n i f i c a n t  
d i f f e r e n c e s  b etw een  d ays and s t r i p s  w it h in  t r i a l s  
( 0 . 0 5 ) w hich s e p a r a te  a n a ly s is  o f  e a c h  t r i a l  showed  
w ere a t t r ib u t a b le  o n ly  to  T r ia l  2 . The c o e f f i c i e n t  
o f  v a r ia t i o n  i n  T r ia l  1 was 23^ , and i n  T r ia l  2 i t  was 
o n ly  10^ . The d i f f e r e n c e  was p r o b a b ly  due t o  th e r e  
h a v in g  b een  no r a i n f a l l  in  T r ia l  2 , and p o s s ib ly  a l s o  
t o  c lo s e r  and l e s s  s e l e c t i v e  g r a z in g  i n  T r ia l  2  w h ich  
r e s u l t e d  from  th e  f a c t  t h a t  th e  p l o t  a r e a s  were 
s m a l le r .

D ry  m a tte r  in t a k e s

T ab le  3 g iv e s  in d iv id u a l  d a i l y  dry m a tter  
in t a k e s  in  b o th  t r i a l s .  The mean d a i l y  dry m a tter
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TABLE k

Exp.. 2: A n a ly s i s  o f  v a r ia n c e  o f  d r y -m a tte r
in ta k e  ( lb . /c o w /d a y )

(T e x t  p . 3 8 )

( a) S e p a r a te  a n a ly s e s  o f  e a c h  t r i a l

T r ia l  1 T r ia l  2

S ou rce d f MS P MS P

Cows 5 1 2 .0 7 3 5 .8 8  4 . 13XX
Days 5 3 6 .7 0  3 -22X 1 1 .6 4
S t r ip s 5 1 5 .4 5 9 -0 4

B etw een
pad docks 1 5 1 .3 6  4 . 5 IX 0 .1

W ith in
paddocks Ur 6 . 3 2 1 1 . 3

E rror 20 1 1 .4 0 9 .6 9

T o ta l 35 o . v .  = 1 7 % c . v .  =  15^

(b )  J o in t  a n a ly s i s  o f  b o th  t r i a l s

B oth t r i a l s

S o u rce d f MS P

Cows 5 3 1 .7 0 3 .IOX
Days w ith in  

t r i a l s 10 2 4 .1 7 2 .3 7
S t r i p s  w it h in  

t r i a l s 10 1 2 .2 4
T r ia l s 1 1 0 .4 0
Cow X t r i a l 5 1 6 .2 4
E rro r 40 1 0 .2 0

T o ta l 71 O .V. = 16^
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3 8 .

in ta k e  p e r  cow was 2 0 .1  l b .  in  T r ia l  1 and 2 0 .8  l b .  i n  
T r ia l  2 . A n a ly s is  o f  v a r ia n c e  (T a b le  U) showed t h a t  
th e  d i f f e r e n c e  b etw een  t r i a l s  was n o t  s i g n i f i c a n t .
There w ere d i f f e r e n c e s  i n  in ta k e  b etw een  cows w hich  
were s i g n i f i c a n t  a t  th e  l e v e l .  The d i f f e r e n c e s  
b etw een  cows was a t t r ib u t a b le  to  T r ia l  2 . I n  T r ia l  1 
th e r e  were s i g n i f i c a n t  d i f f e r e n c e s  o n ly  b etw een  d a y s , 
and b etw een  th e  mean in t a k e s  found i n  th e  two paddocks 
There was a s l i g h t l y  lo w er  c o e f f i c i e n t  o f  v a r ia t io n  i n  
T r ia l  2 ( Ih ^ ) than  i n  T r ia l  1 (175b) w h ich  was p ro b a b ly  
th e  r e s u l t  o f  c lo s e r  and l e s s  s e l e c t i v e  g r a z in g  i n  
T r ia l  2 .

The f a c t o r s  a f f e c t i n g  d ry  m a tte r  in ta k e

S in c e  th e  amounts o f  dry  m a tter  o f f e r e d  i n  
T r ia l  1 w ere gen erou s (a v e r a g in g  hO l b . )  th e r e  i s  no 
r e a so n  to  su p p ose  t h a t  th e  d a i l y  dry m a tte r  in ta k e  p er  
cow (2 0  l b . )  or  th e  d i f f e r e n c e  in  in ta k e s  found  b etw eeh  
th e  two paddocks was th e  d i r e c t  r e s u l t  o f  in ta k e  
h a v in g  b een  l im i t e d  b y  th e  amounts o f  d ry  m a tter  
a llo w e d . A lth ou gh  th e  am ounts o f  dry  m a tte r  o f f e r e d  
were much lo w e r  in  T r ia l  2 , th e  mean dry m a tte r  in ta k e  
d id  n o t  d e c r e a s e ,  b u t ,  i n  f a c t ,  showed a  v e r y  s l i g h t  
a lth o u g h  n o n - s ig n i f i c a n t  in c r e a s e  o f  ab ou t 1 l b .  w hich  
was r o u g h ly  p r o p o r t io n a l  to  th e  in c r e a s e  i n  f r e s h  
h erb age in t a k e . Even w ith  t h i s  red u ced  a llo w a n c e  o f  
dry m a tte r  p er  p l o t ,  th e  s i g n i f i c a n t  d i f f e r e n c e s  
b etw een  d i f f e r e n t  s t r i p s  i n  T r ia l  2 in  t h e  am ounts o f  
dry m a tte r  o f f e r e d  p e r  p l o t  ca u sed  no c o r r e sp o n d in g  
d i f f e r e n c e s  i n  in t a k e .

W ith in  each  t r i a l  t h e  dry  m a tte r  in t a k e s  w ere  
r e l a t e d  m ost c l o s e l y  to  th e  y i e l d s  o f  h erb age  dry  
m a tte r  p e r  a c re  ( P ig .  5)*  (The c o r r e l a t io n  
c o e f f i c i e n t s  (App. T a b le  12) were 0 .h 4 9  i n  T r ia l  1 and 
0 .h 2 5  in  T r ia l  2 , b o th  s i g n i f i c a n t  a t  th e  0 .0 1  l e v e l ) .  
D e s p ite  v e r y  much h ig h e r  y i e l d s  p e r  a c r e  i n  T r ia l  2 ,  
in t a k e s  w ere o n ly  s l i g h t l y  g r e a t e r .  The e f f e c t  o f  
r e s t r i c t e d  p lo t  s i z e s  and dry m a tter  a llo w a n c e s  i n  
T r ia l  2 w as, t h e r e f o r e ,  n o t  to  red u ce  in t a k e s  b u t to  
p r e v e n t an in c r e a s e  i n  in t a k e s  w h ich  m ig h t o th e r w is e



TABLE 5

Exp. 2: Cows ranked a c c o r d in g  to  t h e i r  mean d a i l y  dry
m a tte r  in ta k e  f o r  e a c h  t r i a l ,  and a c c o r d in g  
t o  t h e i r  mean in ta k e  f o r  b o th  t r i a l s  

(T e x t  p . 39 )

T r ia l  1 T r ia l  2 Mean o f  b o th  
t r i a l s

Cow
Dry m a tte r  

in t a k e  
( l b . d a i l y )

Cow
Dry m a tter  

in ta k e  
( l b . d a i l y )

Cow
D ry m a tter  

in ta k e  
( l b .  d a i ly )

5 2 2 .1 1 2 4 .3 5 2 2 .1

4 2 1 .5 5 2 2 .1 1 2 1 .9
1 1 9 .6 6 2 1 .7 4 2 1 .2
6 1 9 .3 k 2 0 .9 6 2 0 .6

3 1 9 .5 2 1 8 .5 3 1 8 .6
2 1 8 .3 3 1 7 .6 2 1 8 .4
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FIG. 6  EXP 2 i  MEAN DAK.Y MILK YIELD PER COW IN MILK.
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h a v e  "been show n. I n  v ie w  o f  th e  u n a v o id a b le  

d i f f e r e n c e s  b e tw e e n  t r i a l s  i n  th e  y i e l d s  o f  h e r b a g e  
p e r  a c r e  and p e r  p l o t ,  i t  was n o t  p o s s i b l e  t o  
a s c e r t a i n  an y  d i f f e r e n c e s  i n  in t a k e  r e s u l t i n g  d i r e c t l y  
from  any d i f f e r e n c e s  i n  p a l a t a b i l i t y  b e tw e e n  t h e  tw o  
t y p e s  o f  sw ard  g r a z e d . T h ere was no s i g n i f i c a n t  
r e l a t i o n  b e tw e e n  th e  d a i l y  mean d r y  m a tte r  c o n t e n t s  o f  
t h e  h erb a g e  and th e  c o r r e s p o n d in g  v a lu e s  f o r  d r y  
m a tte r  in t a k e .

D i f f e r e n c e s  b e tw e e n  cow s i n  d ry  m a tte r  in t a k e

D if f e r e n c e s  b etw een  cows i n  a v era g e  dry m a tte r  
in t a k e  w ere s m a ll  and were n o t c o n s i s t e n t  i n  b o th  
t r i a l s .  They were s t a t i s t i c a l l y  s i g n i f i c a n t  o n ly  in  
T r ia l  2 . T ab le  5 shows cows ranked  a c c o r d in g  t o  mean 
d a i l y  dry m a tte r  in t a k e .

A n a ly s is  o f  v a r ia n c e  o f  th e  o r ig i n a l  in ta k e  
v a lu e s  shows no s i g n i f i c a n t  t r i a l  x  cow i n t e r a c t io n .  
T h is  im p lie s  t h a t  ch an ges in  th e  ran k  o rd er  a re  o f  no 
s i g n i f i c a n c e .  The d i f f e r e n c e s  b etw een  mean in ta k e s  
p e r  cow were n o t  c o n s i s t e n t l y  a t t r ib u t a b le  to  
l iv e w e ig h t  or  to  m ilk  y i e l d s .  H ow ever, th e  lo w e s t  
d a i l y  dry m a tter  in ta k e  a s  p e r c e n ta g e  o f  l iv e w e ig h t  
( 1 .6 ^ )  was shown b y  th e  o n ly  cow t h a t  was dry b e fo r e  
th e  exp erim en t b egan  (Cow 3) • The cow t h a t  was d r ie d  
o f f  d u r in g  th e  ex p erim en t (Cow 1) consumed h erb age  dry  
m a tte r  e q u iv a le n t  to  2 . ^  o f  h er  l iv e w e ig h t .  O f th e  
fo u r  cows th a t  y i e ld e d  betw een  20 and 30 l b .  m ilk  
d a i l y ,  cow 2  consum ed amounts e q u iv a le n t  t o  2.1% , cow  
6 2 .3 ^ ,  cow h 2 .3 ^  and cow 5 2 .6 ^  o f  th e  l iv e w e ig h t .  
A n a ly s e s  o f  c o v a r ia n c e  (A ppendix T ab le  13) showed  
t h a t  d i f f e r e n c e s  i n  in ta k e  were n o t  th e  r e s u l t  o f  
d if f e r e n c e s  in  th e  y i e l d s  o f  h erbage dry m a tte r  
e n c o u n te re d , n or  o f  d i f f e r e n c e s  i n  th e  dry m a tte r  
c o n te n t  o f  th e  h erb age  (A ppendix T ab le  l i+ ) .

D a i l y  tr e n d s  i n  m ilk  y i e l d s

P ig .  6 show s th e  av era g e  d a i l y  m ilk  y i e l d  o f  
cows w hich w ere i n  m ilk . D u ring  T r ia l  1 a l l  th e  cows 
e x c e p t  cow 3 w ere y i e l d i n g  m ilk  so  th a t  th e  cu rv e  i n
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P i g .  6 f o r  t h a t  t r i a l  i s  th e  a v e r a g e  f o r  f i v e  cow s.
In  th e  i n t e r v a l  b etw een  t r i a l s  cow 1 was a l s o  d r ie d  o f f
so  t h a t  o n ly  fo u r  cows c o n tr ib u te d  t o  th e  cu rv e  f o r  
T r ia l  2 . P ig .  6 shows th a t  y i e l d s  were d e c l in in g
b e fo r e  th e  s t a r t  o f  th e  p r e lim in a r y  p e r io d  o f  T r ia l  1 ,
and th a t  th e y  were m a in ta in e d  a t  a  f a i r l y  c o n s ta n t  
l e v e l  d u r in g  th e  c o u r se  o f  th e  t r i a l .  The m ilk  
y i e l d s  d e c l in e d  b etw een  th e  two t r i a l s  when th e  cows 
g ra zed  on i n f e r i o r  herb age ( th e  in ta k e  o f  w h ich  w as, 
o f  c o u r s e , unknown). I n  th e  p r e lim in a r y  p e r io d  o f  
T r ia l  2 and d u rin g  T r ia l  2 , th e  d e c l in e  was a r r e s te d  
and th e  y i e l d s  s t e a d i l y  in c r e a s e d . T h is  was p ro b a b ly  
b e c a u se  th e  s ta r c h  e q u iv a le n t  v a lu e s  o f  th e  herbage  
consumed in  T r ia l  2  w ere r e l a t i v e l y  h ig h , and in ta k e  
a ls o  ten d ed  to  in c r e a s e  d u r in g  th e  t r i a l .  E s t im a te s  
o f  ch an ges in  l iv e w e ig h t  w ere n o t  a ttem p ted  w ith in  th e  
s h o r t  p e r io d  o f  th e s e  t r i a l s  b u t  th e  m ilk  y i e l d s  
s u g g e s t  th a t  th e  cows w ere a b le  t o  s a t i s f y  t h e i r  
n u t r ie n t  r e q u ir e m e n ts .

B e h a v io u r

The number o f  h ou rs d e v o ted  t o  g r a z in g ,  
r u m in a tio n , and s ta n d in g  or  l y in g  w ith  o r  w ith o u t  
r u m in a tio n  in  one 2h h r . p e r io d  d u r in g  2 0 .6  h r . o f  
w hich  th e  cows were p r e s e n t  i n  th e  p l o t s  a re  g iv e n  i n  
A ppendix  T ab le 15» sum m arized and e x p r e s s e d  to  th e  
n e a r e s t  1 / lO th  o f  an h ou r . A lth o u g h  th e  average  
g r a z in g  i n t e n s i t y  i n  p e r io d  2 was a t  th e  r a te  o f  111  
cows to  th e  a c r e , as conpared  w ith  60 -6 0  cows to  th e  
a cre  w hich  i s  u s u a l  i n  c l o s e - f o l d i n g  and 10 cows to  
th e  a c re  w hich i s  u s u a l  i n  r o t a t io n  g r a z in g , th e  h ou rs  
d e v o te d  to  g r a z in g , 7 . 9 , were in te r m e d ia te  b etw een  th e  
v a lu e  o f  9 .0  i n  c l o s e - f o l d i n g  and i n  r o t a t i o n a l  
g r a â n g ,  p r e v io u s ly  o b se r v e d  a t  t h i s  I n s t i t u t e  (1 5 7 )*  
The same was tr u e  f o r  l e a f i n g  ( i . e .  s ta n d in g  w ith o u t  
o th e r  a c t i v i t y )  2 .3  h r . ,  and f o r  l y i n g  w ith  no o th e r  
a c t i v i t y ,  1 0 .h h r . .  The t o t a l  tim e  d e v o te d  to  
r u m in a tio n  b o th  s ta n d in g  and l y in g  was 5*3 h r . .  The 
r a t i o  o f  r u m in a tin g  tim e to  g r a z in g  tim e  was 0 . 6 8 :1

ho



T h is  c o n firm s H ancock*s o b s e r v a t io n  ( 6 7 , 68) o f  low  
r u m in a tin g  t im e s  r e l a t i v e  t o  g r a z in g  t im e s ,  and lo w  
v a lu e s  o f  b o th , when th e  h erbage i s  o f  good  q u a l i t y .
The r a t i o  h e r e , how ever, i s  s u b j e c t  to  unknown e r r o r  
i n  t h a t  some r u m in a tio n  may have o c c u r r e d  when th e  
cows were away from  th e  p l o t s  f o r  m ilk in g .

D i f f e r e n c e s  i n  b e h a v io u r  b etw een  cows

The b eh a v io u r  o f  in d iv id u a l  cow s, a s  was to  be  
e x p e c te d , showed some v a r ia t io n .  The ra n g e  o f  
g r a z in g  t im e s  around th e  mean o f  7*9 h r . , was 6 .9  t o  
9*5 h r . , o f  i d l i n g  1 .7  t o  3*6 h r . , o f  l y i n g  9*1 t o  
1 1 .9  h r . and o f  r u m in a tin g  3*5 to  7*2 h r . . E s t im a te s  
o f  in ta k e  are a v a i la b le  f o r  th e  p e r io d  o f  o b s e r v a t io n ,  
b u t b e in g  in d iv id u a l  p l o t  v a lu e s  th e s e  a r e  s u b j e c t  to  
la r g e  e r r o r s .  The b e h a v io u r  o f  th e  a n im a ls  m igh t  
a l s o  b e  e x p e c te d  t o  v a r y  from  day t o  d a y . There w as, 
t h e r e f o r e ,  no c le a r  r e l a t i o n  b etw een  g r a z in g  tim e or  
ru m in a tin g  tim e and in t a k e  e i t h e r  f o r  th e  2k h r . p e r io ^ ,  
o r  f o r  th e  w hole t r i a l ,  n or  any r e l a t i o n  b etw een  
g r a z in g  tim e and m ilk  y i e l d .

D is c u s s io n

The a v e r a g e  d a i l y  d ry  m a tte r  in ta k e ,  o f  

2 0 .5  t  0 . 5  l b .  was i n  b o th  t r i a l s  lo w e r  th a n  i s  
g e n e r a l l y  assum ed f o r  g r a z in g  d a ir y  c a t t l e .
O on su n p tion  i n  T r ia l  1 was n o t  l im i t e d  b y  th e  g r o s s  
am ounts o f  herbage d ry  m a tte r  a v a i la b le  to  each  
a n im a l. In  T r ia l  2  a r e d u c t io n  in  th e  amount o f  dry  
m a tte r  a v a i la b l e ,  due to  a r e d u c t io n  in  p l o t  s i z e s ,  
d id  n o t  red u ce  th e  am ounts o f  dry m a tte r  consum ed, 
b e c a u se  h erbage y i e l d s  p e r  a cre  w ere much g r e a te r  and 
g r e a te r  y i e l d s  were shown w ith in  e a c h  p e r io d  to  g iv e  
g r e a t e r  in t a k e s . On b a la n c e , t h e r e f o r e ,  t h e s e  two 
e f f e c t s  com pensated ea ch  o th e r  and in t a k e s  were v e r y  
s im i la r  i n  b o th  t r i a l s .  G rea ter  in t a k e s  m igh t have  
b e e n  fou n d  in  T r ia l  2 i f  th e  p l o t  a r e a s  had b een  
in c r e a s e d  so  th a t  th e  cows were n o t  o b l ig e d  t o  g r a ze  
so  c l o s e l y .

The av era g e  d a i l y  dry  m a tter  in ta k e ; p er  cow
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was 2 .2 ^  o f  th e  a v era g e  l iv e w e ig h t .  T h is  was 
s l i g h t l y  h ig h e r  th an  th e  v a lu e  o f  2 .1 ^  o b ta in e d  i n  
E xperim ent 1 f o r  m ilk in g  cow s. I t  i s  im p rob ab le  
t h e r e f o r e ,  t h a t  th e  v e r y  low  dry  m a tte r  c o n te n t  o f  th e  
h erb age  in  th e  p r e s e n t  ex p erim en t {1h%) c o u ld  have  
r e s t r i c t e d  th e  dry m a tter  in t a k e .  The tr e n d s  o f  
d a i l y  m ilk  y i e l d s  su g g e s te d  th a t  th e  cows were a b le  to  
consume a l l  th e  n u t r ie n t s  th e y  r e q u ir e d  f o r  m ilk  
p r o d u c t io n  a lth o u g h  t h e i r  d a i l y  dry m a tte r  in ta k e  was 
much lo w er  th a n  t h a t  e x p e c te d  from  a c c e p te d  f e e d in g  
s ta n d a r d s  (Woodman, 163) •

Summary and C o n c lu s io n s

1 .  The in d iv id u a l  d a i l y  h erb age  d ry  m a tte r  in ta k e  o f  
s i x  cows were e s t im a te d  in  two t r i a l s  o f  L a t in  
sq uare d e s ig n  each  l a s t i n g  f o r  6 d a y s .

2 . The a v e ra g e  d a i l y  dry m a tte r  in ta k e  p e r  cow was 
e s t im a te d  to  b e  21 l b .  o v e r  th e  w hole e x p e r im e n t, 
th e  c o e f f i c i e n t  o f  v a r ia t io n  o f  th e  in d iv id u a l  
e s t im a t e s  b e in g  17^*

3 .  D a i ly  dry m a tte r  in ta k e s  p e r  cow a v era g ed  o f  
th e  a v era g e  l iv e w e ig h t .

h* The a v era g e  d a i l y  in ta k e  p er  cow o f  f r e s h  herbage  
was 152 l b .  o v er  th e  w hole e x p e r im e n t, th e  
c o e f f i c i e n t  o f  v a r ia t io n  o f  th e  in d iv id u a l  
e s t im a t e s  b e in g  Uk%*

5 . W ith in  ea ch  t r i a l  in ta k e s  were r e la t e d  t o  herb age  
y i e l d s  p er  a c r e .  I n c r e a s e d  h erb age y i e l d s  p e r  
a cre  i n  T r ia l  2 d id  n o t  c a u se  a s i g n i f i c a n t  
in c r e a s e  i n  dry m a tter  in ta k e  b e c a u se  o f  a 
r e d u c t io n  i n  th e  s i z e s  o f  th e  p l o t s  and in  th e  
amount o f  h erb age a v a i la b l e ,  w h ich  o b l ig e d  th e  
cows to  g r a z e  more c l o s e l y .

6 . The d ry  m a tte r  c o n te n t  o f  th e  herbage ap p eared  to  
have no d e f i n i t e  e f f e c t  on th e  amounts o f  dry  
m a tter  consum ed.

7 . There w ere s i g n i f i c a n t  d i f f e r e n c e s  i n  in ta k e  
b etw een  cow s. The o n ly  c o m p le te ly  dry cow a t e
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v ery  low  am ounts o f  dry  m a tte r  a lth o u g h  sh e  was 
th e  h e a v ie s t  cow o f  th e  s i x .

8 . The b e h a v io u r  o f  th e  cows was s im i la r  to  t h a t  o f  
th e  c l o s e - f o l d e d  c a t t l e  o b se r v e d  by  Vf a i t e  e t  a l .  
( 1 5 7 ) .
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EXPERI&/1ENT 5

A C om parison b etw een  th e  E f f e c t s  o f  an O ld  
E s t a b l is h e d  and o f  a  N ew ly E s t a b l is h e d  
P a stu r e  on th e  D a i ly  H erbage Dry M a tter  

In ta k e  o f  D a ir y  Cows
I n tr o d u c t io n

I n  the f i r s t  two e x p e r im en ts  o f  t h i s  s e r i e s  i t  
was shown th a t  th e  h erb age  dry  m a tte r  consu m ption  o f  
d a ir y  cows w hich w ere f o ld e d  d a i l y  a c r o s s  p a s tu r e s  was 
n o t  c o n s ta n t  b u t v a r ie d  b etw een  cows a c c o r d in g  to  
in d iv id u a l  a p p e t i t e ,  and v a r ie d  a l s o  w ith  th e  y i e l d  p e f  
a c r e  o f  herbage d ry  m a tter  and ( i n  Exp. 1 ) a c c o r d in g  
t o  th e  s p e c ie s  o f  h erb age g r a ze d . The v a r ia t io n s  i n  
h erb age  in ta k e  in f lu e n c e d  th e  m ilk  y i e l d  o f  th e  cows 
i n  E xp . 1 ,  b u t showed no ap p aren t a f f e c t  on m ilk  
y i e l d s  i n  Exp. 2 , when th e  herbage was o f  b e t t e r  
q u a l i t y .  I t  i s  p o s s i b l e  th a t  th e s e  r e s u l t s  may o f f e r  
an e x p la n a t io n  f o r  th e  in c r e a s e  i n  m ilk  y i e l d s  o f t e n  
r e p o r te d  ( e . g .  P a te r s o n , 125) when d a ir y  c a t t l e  a r e  
g r a z e d  on * m aiden s e e d s ' ,  th a t  i s ,  p a s tu r e  n ew ly  grown 
from  s e e d . I n  1952 a s im p le  t r i a l  was u n d erta k en  to  
d e term in e  th e  e f f e c t  on th e  h erb age dry m a tte r  in ta k e  
and m ilk  y i e l d  o f  ch an g in g  cows from  o ld  e s t a b l i s h e d  
p a s tu r e  to  m aiden s e e d s .

E x p er im en ta l

The p a s tu r e s

A f i e l d  w h ich  had b een  crop p ed  w ith  b ea n s i n  
1951  was p lou gh ed  and sown in  e a r ly  A p r i l ,  1 9 5 2 , w ith  
a s e e d s  m ix tu re  o f  15 l b . / a c r e  S23 p e r e n n ia l  r y e g r a s s  
and 2 lb  . / a c r e  8100  w h ite  c lo v e r ,  w ith o u t a c o v e r  crop  
The e a r ly  grow th  o f  th e  herb age u n fo r tu n a te ly  was 
h e a v i ly  i n f e s t e d  w ith  Redshank ( Polygonum  p e r s i c a r i a ) 
w hich was rem oved a s  a l i g h t  s i l a g e  c u t i n  l a t e  Ju n e. 
The herbage was n o t  c u t  c l o s e l y ,  so  t h a t  so f a r  a s  
p o s s i b l e  th e  red sh an k  was rem oved b u t  th e  g r a s s e s  and  
c lo v e r  l e f t  i n t a c t .  The h erb age  g r a ze d  d u r in g  t h i s  
exp erim en t was th e  grow th w hich en su ed  a f t e r  tr im m in g . 
The b a s a l  stem s o f  th e  red sh an k  rem ained  a s  tou gh

44 .



s t a l k s  U-5 in c h e s  h ig h , w hich p r o b a b ly  red u ced  th e  
p a l a t a b i l i t y  o f  th e  sw ard.

The o ld  p a s tu r e  u sed  f o r  com p arison  had b e e n  
sown down some 5 y e a r s  p r e v io u s ly  and u se d  a s  a 
g e n e r a l-p u r p o se  g r a z in g  paddock f o r  s e v e r a l  s e a s o n s  
p r io r  to  t h i s  ex p e r im en t. The sw ard c o n s i s t e d  m a in ly  
o f  p e r e n n ia l  r y e g r a s s  and poa s p e c i e s  ( w ith  one d r ie r  
a rea  i n  w hich c o c k s f o o t ,  and one m o is te r  a r ea  in  
w hich  t im o th y , o c c u p ie d  25^ o f  th e  ground a r e a ) .  A 
d r e s s in g  o f  3 cw t. 'N itro -C h a lk *  p e r  a c re  had b een  
g iv e n  a f t e r  c lo s e  and r a p id  g r a z in g  if weeks b e f o r e  th e  
exp erim en t b eg a n . A t th e  tim e  o f  g r a z in g  th e  h erb age  
was about 7 t o  8 in c h e s  h ig h  and was v e r y  d en se  and  
s u c c u le n t .  T here was abou t 1C% c lo v e r  in  th e  sw ard .

The cow s

The cows a v a i la b le  were fo u r  w hich  had b een  
p r e v io u s ly  u sed  i n  p l o t  e x p e r im e n ts . D e t a i l s  o f  t h e i r  
c a lv in g  d a t e s ,  m ilk  y i e l d s  and body w e ig h ts  are  g iv e n  
i n  A ppendix T ab le  1 6 . When th e  ex p e r im en t b egan  cow 
1 was d r y , cow 2 , w h ich  becam e dry  tow ards th e  end o f  
th e  e x p e r im e n t, was y i e l d i n g  an a v e ra g e  o f  10 l b .  m ilk  
d a i l y ,  cow 3 was y i e l d i n g  ab ou t 20 l b .  and cow if 26  
l b .  m ilk  d a i l y .  Cows 3 and if co m p leted  t h e i r  
l a c t a t i o n s  3 m onths l a t e r .  N e ith e r  o f  th e  m ilk in g  
a n im a ls , t h e r e f o r e ,  c o u ld  be e x p e c te d  t o  show a g r e a t  
r e sp o n s e  in  m ilk  y i e l d  to  any s t im u la t io n  th e r e  m igh t  
b e .

The d e s ig n  o f  th e  e x p e r im e n t

The cow s w ere u n s e t t l e d  when g r a z e d  a s  s e p a r a te  

p a ir s  i n  a d ja c e n t  f i e l d s  s o  no r e v e r s a l  d e s ig n  was 
a t te m p te d . A c c o r d in g ly  a f t e r  a p r e l im in a r y  p e r io d  o f  
1 w eek  on th e  o ld  p a s t u r e  t h e  fo u r  cow s w ere g r a z e d  

a l t e r n a t e l y  on o ld  g r a s s  and  m a id en  s e e d s  i n  fo u r  
e x p e r im e n ta l  p e r io d s  e a c h  o f  1 w eek , a s  f o l l o w s
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Prom l i f t  h J u ly ,  1952 -  p r e lim in a r y  p e r io d  o ld
p a s tu r e

2 1 s t  J u ly  -  o ld  p a s tu r e
2 8 th  J u ly  -  m aiden se e d s

ifth  A ugust -  o ld  p a s tu r e
1 1 th  A ugust -  m aiden se e d s

I n d iv id u a l  h erbage in t a k e s  w ere d e ter m in e d  on 
th e  f i r s t  if days o f  ea ch  e x p e r im e n ta l p e r io d  when th e  
cows w ere f o ld e d  d a i l y  i n  in d iv id u a l  p l o t s  c o n s tr u c te d  
a s  p r e v io u s ly  d e s c r ib e d  ( p . 31)*  I n  th e  l a s t  3 days 
o f  ea ch  p e r io d  th e  a n im a ls  w ere g ra zed  a s  one group  
w ith  f r e e  ran ge so t h a t  th e y  had a c c e s s  t o  f r e s h  
herbage and to  p l o t s  w h ich  had p r e v io u s ly  b e e n  grazed  
and t h e r e f o r e  were a llo w e d  some s e l e c t i o n .  The u se  
o f  p r e lim in a r y  p e r io d s  a t  e a c h  change o f  g r a s s  was 
d e l ib e r a t e l y  a v o id ed  a t  th e  r i s k  o f  e r r o r s  a r i s in g  
from  uneven  grow th o f t e n  fou n d  a t  th e  ed ge  o f  th e  
p ad d ock s, b e c a u se  i t  was c o n s id e r e d  t h a t  any e f f e c t  on 
in ta k e  o f  th e  p a l a t a b i l i t y  o f  th e  sw ards un der t e s t  
( o r  in d ee d  o f  any sward d i f f e r e n t  from  t h a t  g ra zed  fo r  
s e v e r a l  d a y s) w ould m ost p r o b a b ly  show i t s e l f  on th e  
f i r s t  day on w hich  th e  cows had a c c e s s  to  i t .

The m ethod  f o r  th e  d e t e r m in a t io n  o f  h e r b a g e  d ry  m a tte r  
in t a k e

The amount o f  h erb age  consumed in  each  p l o t  was 
d eterm in ed  from  th e  d i f f e r e n c e  b etw een  th e  y i e l d  o f  
h erbage i n  ea ch  p lo t  b e fo r e  and a f t e r  g r a z in g . The 
y i e l d  b e fo r e  g r a z in g  was a s s e s s e d  from  th e  a v era g e  o f  
t e n  random h a n d -c lip p e d  sam p les i n  fram es o f  1+.8 sq .  
f t . , and th e  y i e l d  a f t e r  g r a z in g  was a s s e s s e d  by  
mowing w ith  an au to  s c y t h e ,  th e  amounts l e f t  b y  th e  
mower b e in g  d eterm in ed  b y  h a n d -c l ip p in g  f i v e  random  
sam p les o f  U*8 sq . f t . . The p roced u re  in  d e te r m in in g  
th e  cru de p r o t e in  and dry  m a tte r  c o n te n t s  o f  th e  
herbage was th e  same as i n  E x p er im en ts 1 and 2 .

W eather c o n d i t i o n s  d u r in g  t h e  t r i a l

The r e le v a n t  w ea th er  d a ta  are  g iv e n  i n  A ppendix  
T able 17- T here was v i r t u a l l y  no r a i n f a l l  i n  p e r io d  
1 , o n ly  m oderate  r a i n f a l l  d u r in g  p e r io d  2 , b u t in
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p e r io d s  3 and 4 ,  r a in  was f r e q u e n t .  T em peratures werè 
m oderate th ro u g h o u t.

R e s u lt s

The y i e l d s  o f  herbage a v a i la b le

I n  v ie w  o f  th e  r e s u l t s  o f  Exp. 1 w h ich  shov/ed 
th a t  th e  y i e l d  o f  herb age o f f e r e d  had a m arked e f f e c t  
on th e  am ounts consum ed, th e  v a r ia t io n  in  herb age  
y i e l d s  i n  t h i s  exp erim en t m ust b e  c o n s id e r e d . I t  was 
o f  c o u r s e , im p r a c t ic a b le  t o  en su re  e x a c t ly  e q u a l y ie ld ^  
o f  th e  herb age a v a i la b le  a t  th e  tim e when th e  sw ards 
were g r a ze d  and th e r e  was c o n s id e r a b le  v a r ia t i o n  
b etw een  p e r io d s .  The a v e ra g e  y i e l d s  o f  d ry  m a tter  
p er  a c r e  in  each  p e r io d  w ere 2580 l b .  in  p e r io d  1 ( o ld  
g r a s s ) ,  1880 l b .  in  p e r io d  2 (m aiden s e e d s ) ,  3690 l b .  
i n  p e r io d  3 ( o l d  p a s tu r e )  and 2750 l b .  i n  p e r io d  4  
( m aiden s e e d s ) .  The a v e ra g e  dry  m a tte r  y i e l d  o f  th e
two o ld  g r a s s  p e r io d s ,  3135 l b .  p e r  a c r e ,  was 135^  o f  
th e  a v e ra g e  o f  th e  two m aiden se e d  p e r io d s  (2 3 20  l b . ) .  
A n a ly s is  o f  v a r ia n c e  (App. T a b le  18) showed t h a t  t h i s  
d i f f e r e n c e  was h ig h ly  s i g n i f i c a n t .  The d i f f e r e n c e  in  
y i e l d s  b e tw een  th e  f i r s t  two and seco n d  two p e r io d s  
was a l s o  h ig h ly  s i g n i f i c a n t  ( 0 .0 0 1  l e v e l ) .

The v a r ia t io n s  i n  th e  am ounts o f  h erb age  d ry  
m a tter  p e r  p l o t  were c l o s e l y  r e l a t e d  to  th e  v a r ia t io n s  
i n  th e  y i e l d s  p er  a c r e ,  s in c e  p l o t  s i z e s  were n o t  
s u b s t a n t i a l l y  changed d u r in g  th e  e x p e r im en t. A t a l l  
t im e s  th e  t o t a l  amount o f  herb age d ry  m a tte r  p e r  p lo t  
g r e a t ly  e x ce ed ed  th e  cow s' p ro b a b le  req u ire m en ts  
a c c o r d in g  t o  a c c e p te d  f e e d in g  s ta n d a r d s  (Woodman, 163) 
The a v era g e  amounts p e r  p l o t  were 55 l"b* i n  p e r io d  1 ,
54 l b .  in  p e r io d  2 , 76 l b .  i n  p e r io d  3» and 69 l b .  in  
p e r io d  4  (A p pend ix  T ab le  19) • The a v e r a g e s  f o r  each  
sward were v e r y  s im i la r ,  65 l b .  f o r  o ld  g r a s s ,  6 l  l b .  
f o r  m aiden s e e d s .  A t no t im e , ev en  a f t e r  th e  
d e d u c tio n  o f  700 lb  . / a c r e  t o  a l lo w  f o r  tin g r a z e a b le  
r e s id u e ,  was in ta k e  l i k e l y  to  have b een  l im i t e d  b y  th e  
amounts o f  dry m a tter  o f f e r e d .

T here were d i f f e r e n c e s  b etw een  cows in  th e



a v e ra g e  amounts o f  d ry  m a tter  o f f e r e d  w ith in  ea ch  
p e r io d  h u t th e  d i f f e r e n c e s  were n o t  c o n s i s t e n t  b e tw een  
p e r io d s  and o v e r a l l  th e  d i f f e r e n c e s  b etw een  cows w ere  
s l i g h t  and n o n - s ig n i f i c a n t  (A p p en d ix  T ab le  2 0 ) .

The crude p r o t e in  c o n te n ts  o f  h erb age  .

A ppendix T ab le  21 g iv e s  th e  cru d e p r o t e in  
c o n t e n t s  o f  th e  t o t a l  herbage d ry  m a tte r  o f  some 
r e p r e s e n t a t iv e  p l o t s  b e fo r e  g r a z in g . The v a lu e s  
g iv e n  p rob ab ly  r e p r e s e n t  th e  maximum ran ge  e n c o u n te re d  
W ith  so few  sam p les sh ow in g  su ch  v a r i a b i l i t y  
d i f f e r e n c e s  i n  cru d e p r o te in  c o n te n t  b e tw een  m aiden  
s e e d s  and o ld  g r a s s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t  
H ow ever, s e v e r a l  c o n c lu s io n s  can be  drawn from  th e  
t a b l e .  There was a c o n s i s t e n t  d e c l in e  in  th e  a v e r a g e  
cru d e p r o te in  c o n te n t  o f  s u c c e e d in g  p e r io d s .  Prom  
t h i s  i t  f o l lo w s  t h a t  th e  crude p r o t e in  c o n te n t  o f  th e  
o ld  g r a s s  was s l i g h t l y  h ig h e r  on a v era g e  ( l l .S j S )  th a n  
th a t  o f  th e  m aiden s e e d s  (1 0 .6 ^ )  a lth o u g h  th e  
d i f f e r e n c e  was o n ly  s l i g h t .  The cru d e  p r o t e in  
c o n te n t s  o f  th e  t o t a l  herbage a t  any tim e w ere lo w , bu^ 
s in c e  th e s e  sam p les in c lu d e d  a l l  h erb age  c l ip p e d  to  
ground l e v e l  th e  cru d e  p r o t e in  c o n te n t  o f  th e  herbage  
consum ed b y  th e  a n im a ls  w ould p r o b a b ly  b e  h ig h e r  and  
w ould  n o t  n e c e s s a r i l y  be r e la t e d  c l o s e l y  to  th e s e  
v a lu e s .  The lo w e s t  v a lu e s  were fo u n d  in  th e  t o t a l  
h erb age  o f  some o f  th e  m aiden s e e d s  p l o t s  where grovrth 
was poor and th e  r e s id u e s  o f  red sh a n k  d e n ser  th an  
e ls e w h e r e .

A cco rd in g  to  W a tso n 's  (1 5 9 )  r e g r e s s io n  e q u a t io n  
f o r  f r e s h  herbage (S .E . =  0 . 6886x  + 4 7 * 9 7 , where 
X = crude p r o t e in  c o n te n t )  th e  a v e ra g e  s ta r c h  
e q u iv a le n t  v a lu e s  o f  th e  h erbage o f f e r e d  i n  p e r io d s  1 , 
2 , 3  and 4 ,  r e s p e c t i v e l y  w ere , 5 7 , 5 6 , 55» 55» 
a v e r a g in g  5 6 . The p r e d ic t e d  s ta r c h  e q u iv a le n t  v a lu e s  
w ere , t h e r e f o r e ,  v i r t u a l l y  i d e n t i c a l  f o r  th e  two ty p e s  
o f  g r a s s .

The dry m a tter  c o n te n t  o f  th e  h erb age

There were s u b s t a n t ia l  d i f f e r e n c e s  in  mean dry

4 8 .
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TABLE 6

Exp • 3: A n a ly s is  o f  v a r ia n c e ,  d a i l y  m ilk
y i e l d s  p e r  cow

(T e x t  p . 4 9 )

Sou rce d f MS P

B etw een  p e r io d s 3 2 7 .6 3 .0 ^

G r a s se s 1 1 .1
P e r io d s  (1 + 2 ) - (3 + 4 ) 1 7 8 .8 8 . 6 ^
R em ainder 1 0 .5

Y /ith in  p e r io d s 52 9 .2

Cows 1 3 9 3 .8 hQ.
Cow X g r a s s 1 o .k
Cow X p e r io d 3 9 .8 8 . 6 ^
E rro r 47 1 . 2

T o t a l 55 C .V . =



m a tte r  c o n te n ts  b etw een  p e r io d s ,  th e  a v e ra g e  v a lu e s  foi}* 
p e r io d s  1 , 2 , 3 and k  r e s p e c t i v e l y ,  b e in g ,  2 1 .2 ,  1 9 .3 ,  
24*0 and 17.1% . The f i r s t  and t h ir d  p e r io d s  w hich  
w ere o ld  g r a s s ,  averaged  2 2 .6 ^  and th e  m aiden  s e e d s  
p e r io d s  a v era g ed  1 8 .2 ^ . Due t o  g r e a t  v a r ia t i o n  
b etw een  days w ith in  ea ch  p e r io d ,  none o f  t h e s e  
d i f f e r e n c e s  was s i g n i f i c a n t ,  and th e y  w ere n o t  
a t t r ib u t a b le  t o  th e  a v era g e  r a i n f a l l  in  e a c h  p e r io d .

M ilk  y i e l d s

The tr e n d s  o f  d a i l y  y i e l d s  f o r  th e  two m ilk in g  
cows are  shown i n  P ig .  7« The f i r s t  m ea su ra b le  
in f lu e n c e  o f  any d ie t a r y  change was e x p e c te d  w ith in  a t  
l e a s t  36 h r . o f  m aking th e  change and th e  f i r s t  y i e l d s  
a t t r ib u t a b le  to  e x p e r im e n ta l p e r io d s  in  P ig .  7 are  
th o s e  d a te d  2  days a f t e r  th e  d a te  a t  w h ich  e a c h  p e r io d  
s t a r t e d .  Hence in t a k e s  i n  p e r io d  1 s t a r t e d  
im m ed ia te ly  a f t e r  th e  e v e n in g  m ilk in g  o f  2 1 s t  J u ly ,  
and th e  f i r s t  y i e l d  a t t r ib u t a b le  to  p e r io d  1 s t a r t e d  
w ith  th e  m orning m ilk  o f  th e  23rd .

P or  cow 3 th e  d i f f e r e n c e  b etw een  th e  a v era g e  
d a i l y  y i e l d  w h ile  on o ld  g r a s s  ( 1 8 .6 )  and th e  a v era g e  
y i e l d  w h ile  on m aiden s e e d s  (1 9 * 3 ) was 0 .7  l b .  in  
fa v o u r  o f  m aiden s e e d s .  Por cow 4 ,  th e  a v era g e  y i e l d  
was 2 4 .1  l b .  on o ld  g r a s s  and 24*4 l b .  on m aiden s e e d s  
A n a ly s is  o f  v a r ia n c e  showed th a t  th e  d i f f e r e n c e  was 
n o t  s i g n i f i c a n t  (T a b le  6 ) .  There was on th e  o th e r  
hand a s i g n i f i c a n t  d i f f e r e n c e  in  t o t a l  m ilk  y i e l d s  
b etw een  th e  f i r s t  two and seco n d  two p e r io d s ,  and a  
h ig h ly  s i g n i f i c a n t  cow x  p e r io d  i n t e r a c t io n .

H ence th e  v e r y  s l i g h t  s u p e r io r i t y  o f  th e  m ilk  
y i e l d s  w h ile  th e  cows w ere g r a z in g  m aiden s e e d s  was 
n o t  c o n s i s t e n t  and c o u ld  n o t  be shown to  have b een  
o th e r  th a n  a chance r e s u l t .  However, b o th  p e r io d s  on  
m aiden s e e d s  were su b seq u e n t to  a p e r io d  on o ld  g r a s s  
s o  t h a t  a v era g e  v a lu e s  f o r  y i e l d s  on m aiden s e e d s  
w ould be  red u ced  to  some e x te n t  by  norm al l a c t a t i o n  
d e c l in e  or  by p o s s ib le  r e s id u a l  e f f e c t s  w h ich  a  
r e v e r s a l  d e s ig n  m ight have a llo w e d  f o r .  A c c o r d in g ly
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th e  day to  day v a r ia t io n s  in  y i e l d  were s t u d ie d .

A r e g r e s s io n  of* th e  d e c l in e  i n  m ilk  y i e l d  w ith  
tim e  was c a lc u la t e d  f o r  each  cow , in c lu d in g  i n  th e  
r e g r e s s io n  e s t im a t e  m ilk  y i e l d s  r ec o rd ed  ab ou t a week  
b e fo r e  and a f t e r  th e  fo u r  e x p e r im e n ta l w eeks so  a s  to  
g iv e  4 4  days f o r  e a c h  e s t im a t e .  The r e g r e s s io n , l i n e s  
w ith  a c tu a l  d a i l y  y i e l d s  are  shown in  P ig .  7* The 
r e g r e s s io n  was assum ed f o r  p r e s e n t  p u rp o ses  to  be  
l i n e a r .  Cow when g r a z in g  o ld  g r a s s ,  showed averagei 
y i e l d s  l e s s  th a n  th o s e  p r e d ic t e d  from  th e  r e g r e s s io n ,  
and when g r a z in g  m aiden s e e d s  showed y i e l d s  i n  e x c e s s  
o f  or  p r a c t i c a l l y  e q u a l t o  th e  p r e d ic t e d  v a lu e s .
Much th e  same was tr u e  f o r  cow 4 e x c e p t  i n  p e r io d  1 
when on o ld  g r a s s  h er  average  y i e l d  was s l i g h t l y  
g r e a t e r  th an  t h a t  p r e d ic t e d  b y  th e  r e g r e s s io n .  (The 
i n c lu s io n  o f  more p r e lim in a r y  v a lu e s  to  b r in g  th e  s lo p e  
n e a r e r  th e  a v e ra g e  r a te  o f  d e c l in e  from  peak  y i e l d  
w ould in c r e a s e  t h i s  d i f f e r e n c e ) .

P ig .  7 shows t h a t  w h ile  cow 3 in c r e a s e d  i n  
y i e l d  th rou gh ou t h er  f i r s t  m aiden s e e d s  p e r io d ,  h e r  
y i e l d s  had, i n  f a c t ,  been  in c r e a s in g  from  th e  m id d le  
o f  th e  p r e c e d in g  p e r io d  on o ld  g r a s s ;  t h a t  i s ,  from  
th e  day th e  cows were a llo w e d  f r e e  g r a z in g . I n  th e  
se co n d  o ld  g r a s s  p e r io d s  h er  y i e l d s  dropped s h a r p ly  
b u t r o s e  e q u a l ly  s h a r p ly  b e fo r e  th e  change to  m aiden  
s e e d s .  In  h er  l a s t  m aiden s e e d s  p e r io d  h er  y i e l d s  
w ere m a in ta in ed  f a i r l y  c o n s ta n t  and s u b s e q u e n t ly  
show ed g r e a t  f l u c t u a t i o n s .

The same te n d e n c ie s  a r e  tr u e  f o r  cow 4 e x c e p t  
t h a t  she ap p ears t o  have shown g r e a te r  s e n s i t i v i t y  o f  
y i e l d ,  so  t h a t  th e  in c r e a s e  i n  y i e l d  in  th e  se co n d  
h a l f  o f  th e  f i r s t  o ld  g r a s s  p e r io d  was s o  g r e a t  t h a t  
th e r e  was an a p p aren t d e c l in e  i n  y i e l d s  d u r in g  h e r  
f i r s t  maiden s e e d  p e r io d .

These in c r e a s e s  in  y i e l d ,  when th e  cows w ere  
a llo w e d  f r e e  ran ge on th e  o ld  p a s tu r e ,  p resu m ab ly  
o c cu rr ed  b e c a u se  th e  cows were a b le  to  s e l e c t  h erb age  
o f  h ig h  f e e d in g  v a lu e  from  b o th  th e  f r e s h  and th e
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TABLE 7

E xp. 3 : Dry m a tte r  in ta k e s  ( lb . /c o w /d a y )
(T e x t  p . 51 )

Cow 1 Cow 2 Cow 3 Cow 4 D a i ly  Means

P e r io d  1 , Day 1 7 .7 2 5 .2 2 1 .6 2 5 . 2 1 9 .9
2 1 7 .3 2 4 .7 3 3 .9 3 6 .0 2 8 .0
3 1 8 .2 3 3 . 4 1 7 . 2 2 5 .9 2 3 .7
k 1 6 .0 3 1 .0 3 0 .6 1 7 . 7 2 3 .8

Cow Mean 1 4 .8 2 8 .6 2 5 .8 2 6 .2 2 3 .9

P e r io d  2 , Day 1 2 7 .1 1 7 . 4 3 1 . 6 2 8 .4 2 6 .1
2 8 .4 3 3 . 4 1 3 . 4 2 1 .4 1 9 .2

3 1 3 . Q 1 7 .9 1 8 .0 2 4 . 1 1 8 .3
4 3 3 .4 2 5 .5 2 9 . 4 2 2 .2 2 7 .6

Cow Mean 2 0 .5 2 3 .6 2 3 . x 2 4 .0 2 2 .8

P e r io d  3 , Day 1 3 0 . 2 2 4 .2 3 1 .0 1 2 .6 2 4 .5
2 2 4 .9 2 4 .6 2 4 .0 3 4 .9 2 7 .1
3 2 7 .4 2 3 .6 3 8 .9 3 9 .7 3 2 .4
4 1 9 .0 2 5 .8 3 4 .7 3 5 .3 2 8 .2

Cow Mean 2 5 . 4 2 4 .6 3 2 . 2 3 0 .1 2 8 .1

P e r io d  4$ Day 1 1 8 .7 2 6 .9 3 2 .3 2 8 .8 2 6 .7
2 4 0 . 5 6 7 .7 3 7 .8 5 3 . 4 4 9 . 9
3 2 2 .1 2 6 .4 2 0 .7 2 3 .7 2 3 .2
4 3 0 .6 3 8 . 3 3 7 . 5 3 3 . 3 3 4 .9

Cow Mean 2 7 .9 3 9 .8 3 2 .1 3 4 . 8 3 3 . 7

Grand Mean 2 2 .2 2 9 .1 2 8 .3 2 8 .8 2 7 .1 4 0 .9



TABLE 8

E xp. 3 î A n a ly s i s  o f  v a r ia n c e  o f  d ry  m a tter  
in ta k e  v a lu e s

(T e x t  p . 5 1 )

d f MS P

B etw een  p e r io d s 3 3 9 0 .4 3 4 . 69™

G r a sse s 1 8 3 .0 4
P e r io d s  (1 + 2 ) - (3 + 4 ) 1 9 0 9 .8 0 1 0 . 90^
Rem ainder 1 1 7 8 .4 6 1 .4 5

W ith in  p e r io d s 60 8 3 .2 6

Cows 3 1 7 4 .9 3 3 . 2 9 %
Cow 1 V .  c o w s - 2 ,3 ,4 1 5 1 9 .0 0 9 . 75*

Cow X g r a s s e s 3 3 4 .8 6
Cow X  p e r io d 9 4 6 .5 3
D ays w it h in  p e r io d s 12 1 8 4 .8 9 3 . 4 7 ^
S t r i p s  w ith in  

p e r io d s 12 5 0 .9 0
E rro r 21 5 3 .2 2

T o ta l 63 C .V . := 27%

N .B . F or  com p arison  p e r io d  U v e r s u s  o th e r  p e r io d s .  
Mean sq u a re  = 120 .55?  n o n - s i g n i f i c a n t .



p r e v io u s ly  g r a z e d  h erb a g e; and t h e i r  c h a n c e s  o f  d o in g  
so  on th e  perm anent g r a s s  were p ro b a b ly  g r e a te r  th an  
on th e  m aiden s e e d s ,  where weed r e s id u e s  red u ced  th e  
p a l a t a b i l i t y  o f  th e  g ra zed  h erb a g e .

No in c r e a s e  in  m ilk  y i e l d s  due s p e c i f i c a l l y  to  
th e  m aiden s e e d s  c o u ld  be d e te c t e d .

The am ounts o f  herbage dry m a tter  consumed

T a b le  7 g i v e s  th e  e s t im a t e d  v a lu e s  f o r  
in d i v i d u a l  d a i l y  d r y  m a tte r  in t a k e s  and T a b le  8 th e  
a n a l y s i s  o f  v a r ia n c e  o f  t h e s e  r e s u l t s .  The mean 
d a i l y  in t a k e  was 27*1  l b .  d r y  m a tte r  o r  2 .2 ^  o f  th e  
l i v e w e i g h t  ( t h e  c o e f f i c i e n t  o f  v a r i a t i o n  was 27%).
The a v e ra g e  in ta k e s  p er  cow p e r  day f o r  e a c h  p e r io d  i n  
th e  o r d e r  o f  g r a z in g  were 2 4 , 2 3 , 28 and 34 l b .  The 
a v era g e  f o r  m aiden s e e d s  was 2 8 .3  l b .  and f o r  o ld  
g r a s s  2 6 .0  l b . . The d i f f e r e n c e ,  2 .3  l b .  was s l i g h t  
and s in c e  th e r e  were s u b s t a n t ia l  d i f f e r e n c e s  b etw een  
in d iv id u a l  p e r io d s  i t  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  The o n ly  s i g n i f i c a n t  e f f e c t s  w ere, 
f i r s t l y ,  th e  d i f f e r e n c e s  i n  d ry  m a tter  in t a k e  b etw een  
th e  f i r s t  two and th e  l a s t  two p e r io d s ;  s e c o n d ly , th e  
d i f f e r e n c e s  in  a v era g e  in ta k e  from day t o  day; and 
t h i r d l y ,  th e  d i f f e r e n c e  b etw een  th e  mean d a i l y  in ta k e  
o f  th e  c o m p le te ly  d ry  cow (cow  1 ) w h ich  was 22 l b .  and 
th a t  o f  th e  o th e r  th r e e  cow s, w h ich  was 29 l b . .

The f a c t o r s  in f lu e n c in g  h erb age  con su m p tion

The sw ard . The m ain f e a t u r e  o f  th e  in t a k e  v a lu e s  was 
th e  b i g  d i f f e r e n c e  b etw een  th e  mean in t a k e s  o f  th e  
f i r s t  two and o f  th e  se c o n d  two p e r io d s ,  r a th e r  th an  
any d i f f e r e n c e s  b etw een  g r a s s e s  o r  in d iv id u a l  p e r io d s .  
T h is  tr e n d  i s  a  r e f l e c t i o n  o f  th e  a v era g e  am ounts o f  
d r y  m a tte r  p er  p l o t  and p er  a c r e  w h ich  w ere  
s i g n i f i c a n t l y  in c r e a s e d  b y  ab ou t 30% i n  th e  seco n d  two 
p e r io d s .  (T he in c r e a s e d  y i e l d s  w ere th e  r e s u l t  
p a r t l y  o f  th e  lo n g e r  p e r io d  o f  grow th w h ich  had b een  
a llo w e d  i n  th e  se co n d  two p e r io d s ,  and p a r t l y  o f  
v a r ia t i o n s  in  s o i l  f e r t i l i t y  i n  th e  paddocks o f  o ld  
g r a s s ,  c a u se d  by  h o r s e s  w hich  had s e l e c t i v e l y  g ra zed
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and d e fa e c a te d  i n  p r e c e d in g  y e a r s . )

The r e g r e s s io n s  o f  d ry  m a tte r  in ta k e  p e r  p l o t  
on dry m a tter  a v a i la b le  p e r  p l o t  (A p pend ix  T ab le  22)  
and on dry m a tter  y i e l d s  p e r  a c r e  in  ea ch  p l o t  
(A ppend ix  T ab le 23) were b o th  s i g n i f i c a n t  a t  th e  0 .0 0 1  
l e v e l .  The r e g r e s s io n  o f  in ta k e  on herb age y i e l d s  
p e r  p lo t  i s  shown i n  P ig .  8 and p e r  a c r e  i n  P ig .  9*
A lth o u g h  th e  d i f f e r e n c e  b etw een  th e  mean in t a k e s  i n
p e r io d s  3 and k  was n o t s i g n i f i c a n t ,  th e  d e v ia t io n s  
from  th e  r e g r e s s io n  s u g g e s t  t h a t  th e  in c r e a s e d  y i e l d s  
p e r  a c r e  o f  o ld  p a s tu r e  f a i l e d  to  e l i c i t  th e  same
in c r e a s e  in  in ta k e  a s  a s im i la r  in c r e a s e  i n  th e  y i e l d
o f  m aiden s e e d s .  T h is  was p a r t ly  due to  e r r o r  
v a r ia t io n s  ( e s p e c i a l l y  i n  Day 2  o f  p e r io d  4 ,  when 
in ta k e  e s t im a t io n s  were e x c e p t io n a l ly  h ig h ) , b u t  
p r o b a b ly  a ls o  to  two o th e r  r e a s o n s .  G razin g  was 
h ig h ly  s e l e c t i v e  i n  p e r io d  3 and th e  h erbage a c t u a l ly  
consumed was n o t  th e  c o a r se  h e a v ie r  y i e l d i n g  m a t e r ia l  
b u t  th e  more d en se  s u c c u le n t  p a r t s  o f  th e  sw ard . A 
la r g e  p r o p o r t io n  o f  th e  h e a v ie r  y i e l d i n g  herbage was 
c o n ta in e d  in  th e  mown r e s id u a l  g r a s s  a s  d i s c r e t e  a r e a s  
o f  c o a r se  u n grazed  h erb a g e . I n  p e r io d  4  th e r e  w ere  
no c o a r se  a r ea s  o f  u n p a la t a b i l i t y  b e c a u se  th e  m aiden  
s e e d s  w ere , o f  c o u r s e , f r e e  o f  p r e v io u s ly  dropped  
f a e c e s .  S e c o n d ly , in  th e  se c o n d  m aiden s e e d  p e r io d  
th e  g r e a te r  l e n g t h  o f  th e  h erb age red u ced  th e  in f lu e n c ^  
o f  th e  u n p a la ta b le  weed a t a lk s  w h ich  i n  th e  f i r s t  two 
p e r io d s  may have l im i t e d  th e  in ta k e  o f  m aiden s e e d s  
b u t  n o t o f  o ld  g r a s s .

S in c e  th e  amounts o f  h erb age  o f f e r e d  p er  p l o t  
i n  p e r io d s  1 and 2 were g en ero u s and co u ld  n o t  have  
l im i t e d  th e  amount consum ed, i t  i s  con c lu d ed  t h a t  th e  
in c r e a s e  i n  in ta k e  i n  p e r io d s  3 and 4  was a r e s u l t  o f  
th e  in c r e a s e  in  th e  y i e l d s  o f  h erb a g e  p er  a c r e ,  and  
t h a t  th e r e  was no ap p aren t d i f f e r e n c e  b etw een  o ld  
g r a s s  and m aiden s e e d s  i n  th e  am ounts consum ed. The 
in c r e a s e d  a v era g e  r a i n f a l l  in  th e  secon d  two p e r io d s  
d id  n o t  a p p a r e n tly  a f f e c t  th e  h erb age  in t a k e .

52.



1500 -  0 COW 1
• 2

wet) - A  3
K 4

LIVE- 1300WEIGHT
M  ,»o —

HOC
A------

lOOO—

Experimtntal

- J — I__ I I I I I_ _ I— I____ I__ L _ _ l_ _ _ I__ I I__ I I_ _ _ I I I I I t
2 8  4  10 Itf 2 2  2B 31 9  15 21 27 3  9  15 21 27 2  8  14 2 0  26  I 7

MAY ------ ----------  -------JUNE JULY AUGUST SEPT.

D A T E .

FIG. I Q : EXR3: INDIVIDUAL CHANGES IN BODY-WEIGHT.
TEXT PAGE 53,



53.

D if f e r e n c e s  b etw een  c o w s  ̂ Cow 1. c o n s i s t e n t l y  a t e  l e s g  
herb age  th an  th e  o th e r  th r e e  cow s, and b e c a u se  o f  th e  
r a n d o m isa tio n  o f  cows among p l o t s ,  t h i s  r e s u l t  may be 
ta k e n  a s  an e x p r e s s io n  o f  a p p e t i t e  r a th e r  th a n  th e  
in f lu e n c e  o f  herb age f a c t o r s .  A lth o u g h  t h i s  cow was 
th e  h e a v ie s t  sh e  was a l s o  th e  o n ly  c o m p le te ly  d ry  cow 
o f  th e  fo u r  and had b e e n  d ry  f o r  ab ou t th r e e  m onths. 
T h is  l a s t  f a c t  c o u ld  have b een  th e  c a u se  o f  h er  low  
a p p e t i t e .  ( I n  l a t e r  e x p e r im en ts  a l s o  lo w  a p p e t i t e s  
were to  be fou n d  in  d ry  c o w s .)  On th e  o th e r  hand 
Cow 1 when i n  m ilk  was n o r m a lly  n o t a  h ig h  y i e l d e r  and 
i t  c o u ld  be th a t  h er  lo w  a p p e t i t e  was c h a r a c t e r i s t i c  
o f  th e  cow and p o s s ib ly  th e  c a u se  o f  h e r  low  
p r o d u c t iv i t y  and s h o r t  l a c t a t i o n .

The l e v e l  o f  f e e d in g  r e l a t i v e  t o  Woodman s ta n d a r d s

An e s t im a te  o f  th e  s t a r c h  eq _u iva len t o f  th e  
h erb age may be made b y  a s s e s s in g  from  a c c e p te d  f e e d in g  
sta n d a r d s  th e  amounts o f  s t a r c h  e q u iv a le n t  th a t  must 
have b een  consum ed to  have m a in ta in e d  th e  a n im a ls  and  
t o  have p rodu ced  th e  m ilk  y i e l d  and g a in s  i n  w e ig h t  
rec o rd ed  d u r in g  th e  e x p e r im e n ta l p e r io d . T h is  was 
n o t a ttem p ted  b e c a u se  any changes i n  b o d y w eig h t w ith in  
p e r io d s  o f  1 w eek are  o b scu red  by v a r ia t io n s  i n  g u t -  
f i l l .

A lth o u g h  th e  a v e ra g e  amounts o f  h erb age  dry  
m a tte r  consumed d a i ly  were l e s s  th a n  th e  amounts 
e x p e c te d  from  Woodman’ s  s ta n d a r d s  ( I 6 3 ) th e  amounts o f  
n u t r ie n t s  consumed w ere p ro b a b ly  ad eq u ate  f o r  th e  cows 
n e e d s . T h is  i s  s u g g e s te d  by  th e  m ilk  y i e l d s  ( F ig .  7) 
w hich  d id  n o t  show an ab n orm ally  r a p id  d e c l in e  
a t t r ib u t a b le  to  th e  d ays i n  w hich  th e  cows were 
i n d iv i d u a l ly  penned and i n  w hich t h e i r  in t a k e s  were 
e s t im a te d , e x c e p t  p o s s i b l y  i n  p e r io d  3 ( o l d  p a s t u r e ) .  
The cows showed a  r e d u c t io n  in  th e  r a te  o f  g a in  in  
w e ig h t d u r in g  th e  ex p er im en t ( F ig .  10 and A ppendix  
T ab le  2k) b u t t h i s  was p r o b a b ly  due to  th e  exp erim en t  
h a v in g  b een  con d u cted  a t  th a t  tim e o f  th e  s e a s o n  when 
a  r e d u c t io n  i n  th e  r a t e  o f  g a in  i n  w e ig h t  i s  norm al.



Cows 3 and i+ w h ich  showed th e  lo w e s t  r a t e s  o f  g a in  i n  
w e ig h t were s p r in g  c a lv in g  cow s, f o r  w h ich  r e l a t i v e l y  
lo w  r a t e s  o f  g a i n  a re  t o  h e  e x p e c te d .

I t  i s  p o s s i b l e  th a t  any sh o r ta g e  o f  n u t r ie n t s  
consumed on th e  d ays when in ta k e s  were e s t im a te d  was 
com pensated b y  th e  s u p e r io r  q u a l i t y  o f  th e  h erb age  
consumed when s e l e c t i o n  i n  g r a z in g  was a llo w e d  i n  th e  
l a s t  th r e e  days o f  ea ch  w eek. But when an e s t im a te  
o f  th e  app roxim ate s ta r c h  e q u iv a le n t  r e q u ire m en ts  o f  
th e  two cows i n  m ilk  (cow s 3 & 4 )  i n  p e r io d  1 was 
compared w ith  th e  amounts o f  s t a r c h  e q u iv a le n t  
e s t im a te d  to  h ave b e e n  consumed in  th e  same p e r io d  i t  
was fou n d  th a t  th e  amounts o f  s t a r c h  e q u iv a le n t  
consum ed were t h e o r e t i c a l l y  ad eq u ate  f o r  th e  co w s’ 
req u ire m en ts  (A p p en d ix  T ab le  2 3 ) .  I n  f a c t  th e  
n u t r ie n t  in ta k e  was p r o b a b ly  more th an  ad eq u ate  f o r  
th e  cows* r eq u ire m en ts  a t  th a t  tim e b e c a u se  (a )  th e  
e s t im a te  o f  r eq u ire m en ts  assum ed th e  r a te  o f  g a in  i n  
w e ig h t found f o r  th e  w hole s e a s o n , in s t e a d  o f  th e  
lo w er  r a te  o f  g a in  found fo r  th e  e x p e r im e n ta l p e r io d  
and (b )  th e  e s t im a te  o f  s t a r c h  e q u iv a le n t  con su m p tion  
was made u s in g  th e  s t a r c h  e q u iv a le n t  v a lu e  e s t im a te d  
b y  r e g r e s s io n  ( p .  h 8 ) from  th e  cru de p r o t e in  c o n te n t  
o f  herbage sam p les w h ich  were c l ip p e d  t o  ground l e v e l .  
T h ese  sam p les in c lu d e d  th e  p o o r e r  q u a l i t y  b a s a l  
h erb age  w hich th e  cows d id  n o t in  f a c t  consum e.

D e fa e c a t io n  b e h a v io u r

O b se r v a t io n s  o f  th e  a v era g e  number and s i z e  o f  
th e  f a e c a l  d r o p p in g s  o f  ea ch  cow were made d a i l y  t o  
d e t e c t  any d i f f e r e n c e s  b etw een  th e  p a s tu r e s  i n  t h e i r  
e f f e c t s  on th e  d i g e s t i v e  p r o c e s s e s .  Such  v a r ia t io n s  
a s  were found  c o u ld  n o t  be r e la t e d  s p e c i f i c a l l y  t o  
e i t h e r  o f  th e  tw o p a s tu r e s  under com p arison , n or c o u ld  
th e y  b e  r e la t e d  to  th e  a v era g e  dry  m a tte r  o r  cru d e  
p r o t e in  c o n te n ts  o f  th e  a v a i la b le  h erb a g e . The 
q u a l i t y  o f  th e  h erb age w hich was consum ed, how ever, i s  
n o t  known. T h ese  o b s e r v a t io n s  are  d is c u s s e d  i n  
g r e a t e r  d e t a i l  i n  E xperim ent 7 when a r e l a t i o n  i s  
shown betw een  th e  d r y  m a tter  in ta k e  p e r  day and th e



a r ea  o f  f a e c e s  dropped by  th e  cow. I n  t h i s  exp erim en  
th e  s m a l le s t  f a e c a l  a r ea  was fou n d  f o r  th e  cow w ith  
th e  lo w e s t  in ta k e  (cow  1 ) ,  and th e  a v era g e  a r e a s  o f  
f a e c e s  p e r  cow /day f o r  e a c h  p e r io d  were r e l a t e d  to  th e  
a v era g e  dry m a tte r  in ta k e  p e r  cow /d ay  in  ea ch  p e r io d .

D is c u s s io n

The r e s u l t s  show t h a t  th e r e  was no s t a t i s t i c a l l y  
s i g n i f i c a n t  d i f f e r e n c e  b etw een  m aiden s e e d s  and o ld  
g r a s s  i n  t h e i r  e f f e c t  on  m ilk  y i e l d ,  or on th e  amounts 
o f  herbage th e  cows consum ed. The v a r ia t io n s  b o th  in  
m ilk  y i e l d  and h erbage in ta k e  w ere common t o  b o th  
ty p e s  o f  p a s tu r e , and , a s  in  E xp s. 1 and 2 , th e  m ain  
f a c t o r  in f lu e n c in g  th e  herb age in ta k e  was th e  y i e l d  o f  
h erb age p er  a c r e .  Some o f  th e  in d iv id u a l  in ta k e  
e s t im a t e s  were o b v io u s ly  s e r i o u s l y  i n  e r r o r ,  b u t th e  
s tu d y  o f  th e  d e f a e c a t io n  b e h a v io u r  o f  th e  cows h e lp e d  
to  c o n firm  th a t  th e  in c r e a s e d  in t a k e s  a t  l e a s t  i n  
p e r io d  w ere n o t  s im p ly  th e  r e s u l t  o f  e r r o r  
v a r ia t id n .  T here was no good r e a so n  t o  su p p o se  any  
d i f f e r e n c e  b etw een  th e  two sw ard s i n  t h e i r  v a lu e  f o r  
m ilk  p r o d u c t io n .

T h is  n e g a t iv e  r e s u l t  c o n t r a s t s  w ith  o th e r  
r e p o r t s  o f  th e  e f f e c t  o f  m aiden s e e d s  on m ilk  
p r o d u c t io n  ( e . g .  P a te r s o n , 1 25 ) w h ich  a ie  g e n e r a l ly  
a c c e p te d . I t  i s  p o s s i b l e  t h a t  w ith  a  sw ard o f  m aiden  
s e e d s  l e s s  a d u lte r a te d  by  weed r e s id u e s ,  d i f f e r e n t  
r e s u l t s  m igh t have b een  fo u n d . The n e g a t iv e  r e s u l t s  
ca n n o t b e  a t t r ib u t e d  to  th e  c a t t l e  u se d , w hose y i e l d s  
d id  r e f l e c t  v a r ia t io n s  i n  th e  q u a l i t y  o f  th e  herb age  
in g e s t e d .  The r e s u l t s  s t r o n g ly  s u g g e s t  th a t  th e  
r e p o r te d  v i r t u e s  o f  m aiden s e e d s  a re  th e  i n d ir e c t  
r e s u l t  o f  th e  r e l a t i v e l y  poor q u a l i t y  o f  th e  o th e r  
sw ards a v a i la b le  f o r  g r a z in g  a t  th e  s e a so n  when m aiden  
s e e d s  are u s u a l ly  a v a i la b le .  D epend ing on th e  weathej? 
and th e  tim e o f  so w in g  m aiden s e e d s  may be e x p e c te d  to  
produ ce a f l u s h  o f  l e a f y  grow th  i n  e a r ly  summer when 
e s t a b l i s h e d  p a s tu r e ,  u n le s s  c a r e f u l l y  m anaged, may 
have d e t e r io r a t e d  in  q u a l i t y  due to  th e  f lo w e r in g
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im p e tu s . M aiden s e e d s  a t  t h i s  tim e  w i l l  s t i l l  he  i n  
th e  v e g e t a t iv e  s t a g e  o f  grow th  and w i l l ,  t h e r e f o r e ,  h e  
o f  g r e a t e r  p a l a t a b i l i t y  and f e e d in g  v a lu e .  The o ld  
p a s tu r e  u se d  i n  t h i s  e x p e r im en t, h ow ever , had b een  
g r a z e d  c l o s e l y  and r a p id ly ,  th e n  f e r t i l i s e d  and c lo s e d  
to  s to c k  a t  about th e  tim e when th e  weed had b een
trim m ed o f f  th e  m aiden s e e d s ,  w eeks b e f o r e  th e
ex p er im en t b egan , so  t h a t  th e  herb age o f  b o th  sw ards 
d u r in g  th e  exp erim en t was o f  th e  same q u a l i t y  and 
s t a g e  o f  grow th. I n  t h e s e  c ir c u m sta n c e s  th e r e  i s  
e v id e n t ly  no s p e c i a l  v i r t u e  f o r  m ilk  p r o d u c t io n  in  
m aiden s e e d s .

Summary and C o n c lu s io n s

1 .  One dry cow, one cow about to  become d ry  and two 
m ilk in g  cows w ere graz^ed in  one e x p e r im e n ta l group
f o r  fo u r  c o n s e c u t iv e  w eek s, th e  f i r s t  and t h ir d  o f
w h ich  were sp e n t on an o ld  e s t a b l i s h e d  p a s tu r e  and 
th e  seco n d  and f o u r th  on a n ew ly  e s t a b l i s h e d  
p a s tu r e .  T h e ir  in ta k e s  o f  h erb age d ry  m a tter  
w ere in d iv id u a l ly  d e term in ed  on fo u r  c o n s e c u t iv e  
d ays in  each  v/eek.

2 . The cows consumed an average o f  27 l b .  herbage dry  
m a tte r  d a i ly  ( 2 .2 ^  o f  th e  l i v e w e i g h t ) . There was 
no c o n s i s t e n t  d i f f e r e n c e  in  in ta k e  b etw een  th e  
g r a s s e s  b u t th e r e  were v a r ia t io n s  b e tw een  
in d iv id u a l  p e r io d s  c a u sed  b y  d i f f e r e n c e s  in  dry  
m a tte r  y i e l d s  p er  a c r e .  The p a l a t a b i l i t y  o f  th e  
m aiden s e e d s ,  how ever, was red u ced  by  c o a r se  weed  
s t u b b le .

3 .  The cow w hich was c o m p le te ly  d ry  c o n s i s t e n t l y  a te  
l e s s  h erbage th a n  th e  o th e r s .

Ij-. M ilk  y i e l d s  showed no c o n s i s t e n t  in c r e a s e s  on  th e  
n ew ly  e s t a b l i s h e d  p a s tu r e , b u t b e n e f i t e d  on b o th  
p a s tu r e s  when some s e l e c t i o n  was p e r m itte d  in  
g r a z in g .

5* Some c o n s i s t e n t  v a r ia t io n s  in  th e  d e f a e c a t io n  
b e h a v io u r  o f  th e  cows were o b se r v e d , b u t  th e s e  
c o u ld  n o t  be r e l a t e d  to  e i t h e r  o f  th e  two p a s tu r e s



5 7 .

under c o n p a r iso n , n o r  to  th e  dry m a tte r  o r  crude  
p r o t e in  c o n te n t s  o f  th e  a v a i la b le  h erb a g e .



EXPERIMENT h

The E f f e c t  o f  D i f f e r e n c e s  i n  M ilk  Y i e l d  b e tw e e n  
D a ir y  Qov/s on  t h e i r  H erbage I n ta k e

I n t r o d u c t io n

In  E x p s. 2  and 3 o f  t h i s  s e r i e s  th e r e  was some 
e v id e n c e  to  s u g g e s t  th a t  th e  m ilk  y i e l d  or s t a g e  o f  
l a c t a t i o n  may d i r e c t l y  or  i n d i r e c t l y  a f f e c t  th e  
a p p e t i t e .  T h is  p o s s i b i l i t y  i s  o f  im p ortan ce  in  d a ir y  
husbandry s in c e  in  d e s ig n in g  r a t io n s  f o r  d a ir y  cows i t  
i s  assum ed th a t  t h e i r  a p p e t i t e s  are govern ed  o n ly  by  
t h e i r  body w e ig h t s ,  b y  th e  p a l a t a b i l i t y  o f  th e  fe e d  
and by  in d iv id u a l  id io s y n c r a s y .  The e f f e c t  o f  th e  
s ta g e  o f  l a c t a t i o n  on a p p e t i t e  may a ls o  be o f  
iirp or ta n c e  v/’hen th e  annual herb age dry  m a tte r  
p r o d u c t io n  o f  p a s tu r e s  i s  e s t im a te d  from  th e  number o f  
"cow g r a z in g  days" w hich th e  p a s tu r e  s u p p o r t s ,  s in c e  
i t  i s  g e n e r a l ly  assumed f o r  t h i s  p u rp ose  th a t  a l l  
c a t t l e  o f  a g iv e n  l iv e w e ig h t  w i l l  consume th e  same 
amounts o f  d ry  m a tter  d a i l y .

I n  t h i s  exp erim en t th e  in ta k e s  o f  fo u r  cows v/ere 
s tu d ie d  f o r  one week in  c o n d it io n s  a s  u n ifo rm  as  
p o s s ib le  e x c e p t  in  one r e s p e c t ,  th a t  when s e l e c t e d  two 
were y i e l d i n g  la r g e  q u a n t i t i e s  o f  m ilk  w h ile  th e  o th e r  
two were n o t .  The d i f f e r e n c e s  i n  m ilk  y i e l d  were  
r e s p o n s ib le  f o r  d i f f e r e n c e s  i n  th e  en erg y  req u irem en ts  
o f  th e  cows a s  e s t im a te d  t h e o r e t i c a l l y  b y  Woodman’ s  
s ta r c h  e q u iv a le n t  f e e d in g  s ta n d a r d s  ( I 6 3 ) .

E x p e r im e n ta l

The cows

Two autumn c a lv in g ,  and two s p r in g  c a lv in g  cows 
o f  ro u g h ly  s im i la r  l iv e w e ig h t  b u t w id e ly  d i f f e r i n g  
d a i l y  m ilk  y i e l d s  w ere ch o se n  fo r  th e  e x p e r im e n t.
The autumn c a lv in g  cows w i l l  be r e f e r r e d  to  a s  cows 1 

and 2 , th e  s p r in g  c a lv in g  cows a s cows 3 and h- 
( D e t a i l s  a re  g iv e n  i n  A ppend ix  T ab le 2 6 ) .  T h e ir
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av era g e  l iv e w e ig h t  was 1072 I h . w ith  a m axim al range  
o f  US Ih .

The antim n c a lv e d  cows were w eigh ed  8 t im e s  
d u r in g  13 weeks from th e  s t a r t  o f  th e  g r a z in g  s e a s o n .  
O nly 6 s u c c e s s iv e  w e ig h ts  were a v a i la b le  f o r  th e  s p r in g  
c a lv e d  cows s in c e  th e s e  w ere new ly  in tr o d u c e d  in to  th e  
Hannah I n s t i t u t e  herd o n ly  s h o r t ly  b e fo r e  th e  
e s^ e r im e n t b eg a n . For t h i s  r e a so n , and b e c a u se  th e  
w e ig h ts  o f  th e  sp r in g  c a lv e d  cows were v e r y  v a r ia b le  
( F ig .  1 1 ) ,  th e  r a te s  o f  g a in  c a lc u la t e d  b y  r e g r e s s io n  
(A p pend ix  T ab le  27) rea ch ed  s t a t i s t i c a l  s i g n i f i c a n c e  
o n ly  f o r  th e  autumn c a lv e d  cow s. H owever, th e  r a t e s  
o f  g a in  fo l lo w e d  th e  norm al tre n d  in  t h a t  th e  autumn 
c a lv e d  cows g a in e d  more r a p id ly  th an  th e  s p r in g  c a lv e d  
cow s. The r e g r e s s io n  c o e f f i c i e n t s  were u se d  in  th e  
c a lc u la t io n  o f  th e  cow s’ s t a r c h  e q u iv a le n t  
r eq u ire m en ts  (A ppendix T ab le  2 8 ) .  M ilk  y i e l d s  were  
m arkedly d i f f e r e n t  b etw een  th e  p a ir s  and in  th e  week  
p r e v io u s  to  t h i s  exp erim en t th e  d a i ly  a v e r a g e s  were  
8 l b .  f o r  cow 1 ,  19 l b .  f o r  cow 2 , U3 l b .  f o r  cow 3 
and 4 1  l b .  f o r  cow 4* T h ese d i f f e r e n c e s  in  y i e l d  
b etw een  cows when c o n v e r ted  t o  term s o f  s ta r c h  
e q u iv a le n t  req u irem en t were p a r t ly  com p en sated  by  an 
o p p o s ite  r a n k in g  o f  d i f f e r e n c e s  in  l iv e w e ig h t  g a in .  
N e v e r th e le s s  th e  t o t a l  s ta r c h  e q u iv a le n t  r e q u ire m en ts  
ranged from  11 l b .  p er  day t o  18 l b .  p e r  day (A p pend ix  
T ab le  2 8 ) .  The sta n d a rd s u se d  were th o s e  o f  Woodman 
( 1 6 3 ) b u t no a llo w a n ce  was made f o r  th e  e n e rg y  c o s t  o f  
g r a z in g  a c t i v i t y .  The g e n e r a l l e v e l  o f  th e s e  
e s t im a t e s  r e l a t i v e  t o  o th e r  a sse s sm e n ts  o f  s ta r c h  
e q u iv a le n t  req u irem en ts  f o r  v a r io u s  f u n c t io n s  i s  
u n im p o rta n t h ere  s in c e  o n ly  d i f f e r e n c e s  b etw een  cows 
are  o f  i n t e r e s t .

M ethod o f  e s t im a t in g  h erb a g e  in ta k e

A p l o t  o f  r y e g r a s s  was ch osen  f o r  i t s  u n iform ity -  
o f  y i e l d  and d iv id e d  in t o  two s t r i p s  b y  e l e c t r i c  
f e n c in g ,  i n  w h ich  fo u r  in d iv id u a l  cow paddocks were  
c o n s tr u c te d  d a i l y  by s t r e t c h in g  tv;o w ir e s  a c r o s s  th e  
s t r i p s .  The a rea  o f  each  p l o t  was m easured to  th e



l i m i t s  o f  g r a z in g  a llo w e d  by th e  e l e c t r i c  f e n c e .  The 
y i e l d  o f  herb age i n  each  p lo t  b e f o r e  g r a z in g  was 
a s s e s s e d  from  th e  mean y i e l d  o f  e ig h t  random sam p les  
c u t  to  ground l e v e l  i n  a sa m p lin g  fram e o f  4*8  s q . f t .  
R e s id u e s  a f t e r  g r a z in g  w ere a s s e s s e d  from  th e  mean 
y i e l d  o f  f i v e  s im i la r  sam p les c u t  a f t e r  th e  b u lk  o f  
th e  r e s id u e  had b een  mown o f f  b y  m achine and w e ig h ed . 
The d e te r m in a t io n  o f  dry m a tter  c o n te n t  o f  th e  sam p les  
and th e  c a l c u l a t io n  o f  dry m a tte r  in ta k e  were c a r r ie d  
o u t a s  in  th e  p r e c e d in g  e x p e r im e n ts .

The cow s were a l l o t t e d  p l o t s  i n  d i f f e r e n t  s t r ip ÿ  
a t  random ea ch  day . The am ounts o f  w a ter  consumed  
d a i l y  by each  cow w ere m easured from  ta n k s  w hich  w ere  
a c c e s s i b l e  i n  ea ch  p l o t  a t  a l l  t im e s  e x c e p t  when th e  
cow s were away f o r  m ilk in g , and w h ich  p r o v id e d  th e  
o n ly  so u rc e  o f  d r in k in g  w a ter .

G ross p l o t  s i z e s

The a v era g e  p l o t  s i z e  xias 860 s q .  f t .  r a n g in g  
from  751 to  one e x c e p t io n a l  f ig u r e  o f  1045 s q . f t . .  
T hese v a r ia t io n s  i n  p l o t  s i z e s  were made to  com pensate  
f o r  th e  more pronou nced  v a r ia t io n s  in  herbage y i e l d s .  
The a v era g e  s t o c k in g  r a te  w as, t h e r e f o r e ,  50 cows to  
th e  a c r e .

R e s u lt s

The y i e l d s  and q u a l i t y  o f  th e  h erb age

The y i e l d s  o f  herbage d ry  m a tte r  p e r  a c r e  i n  
e a ch  p lo t  v a r ie d  from  2092 l b .  to  3183  l b .  (A p p en d ix  
T ab le  2 9 ) .  Some o f  th e  v a r ia t io n  o c cu rr ed  random ly, 
b u t d i f f e r e n t  s t r i p s  showed s l i g h t l y  d i f f e r e n t  y i e l d s  
and th e r e  was a ten d e n c y  f o r  h ig h e r  y i e l d s  t o  occu r  
a s  th e  ex p erim en t p r o g r e s s e d . T h ese  v a r ia t io n s  i n  
y i e l d s  w ere n o t  e x tr e m e , and th e  h erb age  in  g e n e r a l  
was a t  or  s l i g h t l y  b e lo w  th e  o p t im a l h e ig h t s  n o r m a lly  
u se d  f o r  g r a z in g  ( 8-10"  ) .  A lth o u g h  th e  ex p er im en t  
to o k  p la c e  i n  l a t e  May and e a r ly  June th e r e  was no 
v i s i b l e  fo r m a tio n  o f  f lo w e r in g  h ead s in  th e  h erb age  
when g r a z e d .
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Herbage dry  m a tte r  a v a i la b le  p e r  p l o t

The a v e ra g e  a llo w a n c e  o f  t o t a l  h erb age dry  
m a tter  p e r  p l o t  was 5 2 . 5  l b .  v a r y in g  from  4 1  t o  65 l b .  
p e r  p l o t  (A p p en d ix  T ab le  3 0 ) .  A n a ly s is  o f  v a r ia n c e  
o f  th e  f i r s t  5 d ays (A p pend ix  T a b le  30) showed th a t  
th e  d i f f e r e n c e s  b etw een  day means were s i g n i f i c a n t  a t  
th e  5^ l e v e l ,  and th a t  th e  d i f f e r e n c e s  b e tw een  s t r i p s  
w ere n o n - s i g n i f i c a n t .  There was no s i g n i f i c a n t  
d i f f e r e n c e  b e tw een  cows i n  th e  a v era g e  amounts o f  dry  
m a tte r  a llo w e d . D ed u ctio n  from  th e s e  a llo w a n c e s  o f  a 
c o n s t a n t ,  r e p r e s e n t in g  u n g r a z e a b le  r e s id u e  (7 0 0  l b .  p er  
a c r e )  r e s u l t e d  i n  a llo w a n c e s  a lw a y s ample f o r  th e  cow s’ 
p ro b a b le  n e e d s , a v e r a g in g  40 l b . .

The dry m a tter  c o n te n t  o f  th e  h erb age

The dry  m a tte r  c o n te n t  o f  th e  t o t a l  h erb age  in  
e a ch  p l o t  b e fo r e  g r a z in g  a v era g ed  2 3 .%  (A p pend ix  
T ab le  31)» The d a i l y  means ranged  from  2 0 .9  to  2 6 .% ,  
b u t th e  d i f f e r e n c e  betw een  cow means was s m a l l ,  
r a n g in g  from  23*2 t o  2 4 .5 »  w ith  b o th  low  y i e l d i n g  cows 
sh ow in g  s l i g h t l y  h ig h e r  v a lu e s  (mean 2 4 .4 ^ )  th an  th e  
h ig h  y i e l d i n g  p a ir  ( 2 3 .5?S)*

M ilk  y i e l d s

The f i r s t  e f f e c t ,  i f  a n y , o f  a d ie t a r y  change  
on m ilk  y i e l d  was c o n s id e r e d  from  p r e v io u s  o b s e r v a t io n  
t o  be  n o t i c e a b le  38 h r . a f t e r  th e  change was made.
The tr e n d s  o f  th e  y i e l d s  w h ich  are shown i n  F ig .  12  
w i l l  b e  d is c u s s e d  in  some d e t a i l ,  s in c e  th e y  may be  
e x p e c te d  t o  in d ic a t e  w h eth er  or n o t  th e  h erb age  in ta k e ^  
e s t im a te d  in  th e  e x p e r im e n ta l p e r io d  w ere n orm al.

B e fo r e  t h e  e x p e r im e n ta l p e r io d  b eg a n  a l l  4  cows 
were d e c l in in g  i n  m ilk  y i e l d  e x c e p t  cow 4» whose 
y i e l d s  (a p a r t  from  g r e a t  f l u c t u a t i o n s )  w ere r i s i n g  
s l i g h t l y .  On e n te r in g  th e  e x p e r im e n ta l f i e l d  f o r  a 
s h o r t  p r e lim in a r y  p e r io d  w ith o u t b e in g  c o n f in e d  i n  th e  
e x p e r im e n ta l p l o t s  th e  cows r o s e  i n  y i e l d .  When th e  
cows e n te r e d  th e  p l o t s  th e  y i e l d s  showed more 
v a r i a b i l i t y  th a n  i s  u s u a l f o r  c lo s e - f o l d e d  or  
in d iv id u a l ly  f o ld e d  c a t t l e  b u t th e r e  was no
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a c c e n tu a t io n  o f  th e  norm al d e c l in e .  Cow 3 v/as
e x c e p t io n a l .  From a r e l a t i v e l y  h ig h  y i e l d  o f  50 l b .  
h er  m ilk  y i e l d  s t a r t e d  to  d e c l in e  s t e e p l y  k  days b e fo r^  
a d m itta n c e  to  th e  e x p e r im e n ta l a r ea  f o r  th e  
p r e lim in a r y  p e r io d  o f  f r e e  g r a z in g . In  th e  2 d ays  
b e fo r e  e n te r in g  th e  p l o t s ,  her y i e l d  had shown a r i s e  
on one day b u t resum ed th e  s te e p  d e c l i n e  b e fo r e  
e n t e r in g  th e  f i r s t  p l o t .  Y ie ld s  c r e d i t e d  t o  th e  
fo u r th  and f i f t h  d ays o f  th e  ex p er im en t showed a 
r e v e r s a l  o f  th e  tr e n d . She was rem oved a t  th e  end o f  
th e  f i f t h  day on th e  m ista k en  s u s p ic io n  th a t  
i n d iv id u a l  co n fin em en t or perhaps th e  q u a l i t y  o f  th e  
h erb a g e  was th e  c a u se  o f  her d e c l in e  b e fo r e  t h i s  
r e c o v e r y  i n  m ilk  y i e l d  o ccu rred . On rem oval h er  
y i e l d  dropped a g a in  b u t th en  resum ed th e  upward tr e n d  
a s  s t e e p l y  as i t  had f a l l e n  u n t i l  a y i e l d  o f  40 l b .  
was r e a c h e d , a f t e r  w h ich  an oth er  v e r y  r a p id  d e c l in e  
b eg a n  9 days a f t e r  th e  co m p letio n  o f  th e  e ^ e r im e n t .
I t  i s  e v id e n t  from  F ig .  11 th a t  e x p e r im e n t^ c o n d it io n s  
w ere n o t r e s p o n s ib le  f o r  t h i s  u n u su a l d e c l in e .  From 
f u r t h e r  o b s e r v a t io n  o f  t h i s  cow, a newcomer to  th e  
h erd ; i t  became e v id e n t  th a t  i t s  p e c u l ia r  v a r ia t io n s  
i n  y i e l d  were c h a r a c t e r i s t i c  o f  th e  cow, b u t no c a u se  
c o u ld  b e  fou n d .

When th e  y i e l d s  f o r  th e  week p r e c e d in g  th e  
e x p e r im e n t, f o r  th e  week o f  th e  ex p er im en t i t s e l f  and  
f o r  th e  su c c e e d in g  week are c o n s id e r e d  ( F ig .  1 2 ) ,  i t  
can  be s e e n  t h a t  d u r in g  th e  e x p e r im e n ta l week th e  
y i e l d  o f  one o f  th e  cows (cow  1) in c r e a s e d  s l i g h t l y  
and th a t  th e  y i e l d s  o f  two o f  th e  o t h e r s  (cow  2 and 
cow 4 )  showed no ch an ge . E xcep t t h e r e f o r e  f o r  cow 3» 
t o  w h ich  r e fe r e n c e  h as j u s t  been  m ade, th e  m ilk  y i e l d s  
rem ain ed  norm al d u r in g  th e  exp erim en t and were n o t  
a d v e r s e ly  a f f e c t e d  b y  th e  e x p e r im en ta l herbage or  
g r a z in g  m ethod.

Dry m a tte r  in ta k e

The r e s u l t s  o f  o n ly  5 days in s t e a d  o f  7 w i l l  be  
d is c u s s e d  s in c e  one cow was rem oved f o r  th e  s i x t h  and 
s e v e n th  d a y s . The av era g e  d a i ly  dry m a tte r  in ta k e  p e r
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TABLE 9

E xp . 4 : D ry m a tte r  in t a k e s  ( l b . /d a y )

( T e x t  p . 6 3 )

Cow 1 Cow 2 Cow 3 Cow 4 Mean

Day 1 21 13 26 21 2 0 . 3
2 19 22 26 29 2 4 . 0
3 17 26 23 25 2 2 .8
4 15 23 33 23 2 4 . 0

5 14 19 29 30 2 3 . 0

Mean 1 7 . 2 21 . 0 2 7 . 4 2 3 . 6 2 2 .8  ± 0 .8

A n a ly s is o f  V a r ia n c e

d . f . M .S. P

Days 4 9 . 5 —

Cows 3 1 0 6 . 0 7 . 91^
b etw een  p a ir s 1 2 7 3 . 0 2 0 .
w it h in  p a ir s 2 2 2 .1 1 . 6 5

S t r ip s 3 3 3 . 3 2.U 9
E rror 9 1 3 . 4 -
T o ta l 19 c.v. = iSfù



TABLE 10

Exp. 4 : S ta n d a rd  E rro r  ^  p e r  in ta k e  e s t im a te
c a lc u la t e d  from  h erb age  sam p les c u t  
b e f o r e  and a f t e r  g r a z in g  

(T e x t  p . 6 3 )

Cow COW 1 Cow 2 Cow 3 Cow 4 Mean

Day 1 9 . 3 5 . 9 6 . 3 6 .2 6 . 9
2 4 .8 9 . 1 9* 6 1 3 . 5 9 . 3
3 5 . 2 7 . 1 7 . 1 7 . 7 6 .8

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

Mean 7 . 4 7 . 7 7 . 2 1 0 .2 8 .1



cow i n  th e  f i r s t  5 d ays was 2 2 .8  t  0 .8 0  l b .  (T a b le  9 ) .  
The s ta n d a r d  d e v ia t io n  o f  th e  in d iv id u a l  e s t im a te s  was 
2 .9  l b . .  A n a ly s is  o f  v a r ia n c e  (T a b le  9 ) showed 
s i g n i f i c a n t  d i f f e r e n c e s  b etw een  cows b u t no o th e r  
s i g n i f i c a n t  e f f e c t s .  The p e r  cow v a lu e s  were cow 1 
1 7 .2 ,  cow 2 ,2 1 .0 ,  cow 3, 2 7 . 4 , and cow 4 , 2 5 . 6  l b . .
There was a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  i n  
in t a k e s  b etw een  th e  low  y i e l d i n g  p a ir  o f  cows and th e  
h ig h  y i e l d i n g  p a ir .  I n d iv id u a l  v a lu e s  f o r  th e  lo w e s t  
mean in ta k e  (cow  1 ) were c o n s i s t e n t l y  lo w , and f o r  th e  
h ig h e s t  in ta k e  (cow  3 ) c o n s i s t e n t l y  h ig h . V a lu e s  f o r  
th e  o th e r  two cows were l e s s  c o n s i s t e n t .

The s t a t i s t i c a l  s i g n i f i c a n c e  o f  th e s e  
d i f f e r e n c e s  on so  fe w  v a lu e s  a r i s i n g  from  th e  
p r e c i s i o n  a c h ie v e d  i n  sam p lin g  (T a b le  1 0 ) and th e  
o b v io u s  c o n s i s t e n c y  o f  th e  r e s u l t s ,  show th a t  in  t h i s  
s h o r t - te r m  o b s e r v a t io n  o f  in t a k e s ,  th e  cows o f  
g r e a t e r  m ilk  y i e l d  d id ,  in  f a c t ,  c o n s i s t e n t l y  e a t  more 
h erb age  th a n  th e  o t h e r s .  The a v era g e  am ounts o f  d ry  
m a tte r  a v a i la b le  p e r  p lo t  d id  n o t  s i g n i f i c a n t l y  d i f f e r  
b etw een  s t r i p s ,  and th e  r a n d o m isa tio n  o f  th e  cows was 
s u c c e s s f u l  in  e n s u r in g  th a t  in d iv id u a l  mean in t a k e s  
w ere n o t  b ia s s e d  by  d i f f e r e n c e s  b e tw een  cows i n  th e  
amount or  y i e l d  o f  h erbage o f f e r e d .

F r e sh  herbage in t a k e s

A p p en d ix  T ab le  3 2  g iv e s  in d iv id u a l  p lo t  v a lu e s .  
The av era g e  f r e s h  h erbage in ta k e  was 1 2 7 .1  l b . , 
in d iv id u a l  cow means b e in g  102 and IIQ  l b .  f o r  th e  two 
lo w  y i e l d e r s  and 148 and 149 l b .  f o r  th e  two h ig h e r  
y i e l d e r s .  A n a ly s is  o f  v a r ia n c e  (A p p en d ix  T ab le  32) 
show ed s i g n i f i c a n t  d i f f e r e n c e s  b e tw een  cows and betv/ee^  
d a y s . The d a i l y  in ta k e s  o f  f r e s h  herb age te n d e d  to  
v a r y  in v e r s e ly  w ith  th e  d ry  m a tte r  c o n te n t  o f  the  
h erb age  so  t h a t  th e  dry m a tte r  in t a k e s  were r e l a t i v e l y  
c o n s ta n t  from  day t o  day.

The dry  m a tte r  c o n te n t  o f  th e  h erb age  e a te n

The mean dry m a tter  c o n te n t  o f  th e  h erbage  
e a te n  (A ppend ix  T a b le  33 ) was 1 8 .5 ^ . D a i ly  means
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TABLE 11

E xp. 4: Amounts o f  w ater  drunk ( l b . / d a y )
(T e x t  p . 64)

Cows Cow 1 Cow 2 Cow 3 Cow 4 D a i ly  Mean

Day 1 3 0 . 0 4 2 .5 7 2 . 5 7 0 .0 5 3 . 8
2 6 7 .5 7 0 .0 4 5 .0 7 .5 4 7 . 5
3 1 5 .0 5 2 .5 2 7 . 5 8 5 .0 4 5 . 0
4 2 7 .5 4 5 .0 7 7 . 5 1 0 0 .0 6 2 . 5
5 3 5 .0 5 5 .0 1 0 7 . 5 9 5 .0 7 3 . 1

Mean 3 5 .0 5 3 .0 6 6 .0 7 1 .5 5 6 . 4  ± 1 6 . 7

A n a ly s is  o f v a r ia n c e

S ou rce d f MS P

D ays 4 5 3 3 .1
Cows 3 1 3 1 6 .1 2 . 3 7

Cows — b e tw een  p a ir s 1 3 0 6 2 .8 5 . 50*
w it h in  p a ir s 2 4 4 2 . 8 -

S t r ip s 3 1 4 4 2 .8 2 . 5 9
E rror 9 5 5 6 . 6 —

T o ta l 19 C o e f f i c i e n t  o f  
v a r ia t i o n  = 42^



TABLE 12

Exp- 4 : The d ry  m a tte r  c o n te n t  o f  th e  t o t a l
d i e t  (%)

(The t o t a l  d i e t  b e in g  th e  h erb a g e  dry m a tte r , 
w ater  i n  th e  h e r b a g e , p lu s  w ater  drunk)

(T e x t  p . 64)

Cow Cow 1 Cow 2 Cov/ 3 Cow 4 D a i ly  Mean

Day 1 1 6 .8 1 1 .0 1 0 . 9 8 . 7 1 1 .8
2 9 .5 9 . 9 1 2 . 9 1 6 .2 1 2 .1
3 1 3 . 1 1 6 .2 1 4 . 3 1 1 . 3 1 3 . 7
4 1 1 . 3 1 3 . 9 1 3 . 2 9 . 7 1 2 .0
5 1 4 . 4 1 4 . 4 1 3 . 3 1 3 . 5 1 3 . 9

Mean 1 3 . 0 1 3 . 1 1 2 . 9 1 1 . 9 1 2 . 7

A n a ly s is  o f  v a r ia n c e
(tr a n sfo r m e d  to  v a lu e s  o f  B l i s s  

(S n e d e c o r , 1 4 6 ))

S ou rce d f MS P

Days
Cows
S t r i p s
E rro r

4
3
3
9

3 .2 2
1 .3 3
4 .5 4
5 .4 2

T o t a l 19 C o e f f i c i e n t  o f  v a r ia t i o n  11^



ranged  from  15*6 to  24* 1^ , and th e  means p e r  cow from  
1 7 . 4  to  1 9 .% . T hese l a s t  two v a lu e s  were a s s o c ia t e d  
w ith  th e  lo w  y i e l d i n g  cow s. The v e r y  low  v a lu e  f o r  
cow 1 a r o se  from  h er  low  in ta k e  o f  f r e s h  h erb a g e , 
w h ich  s u g g e s t s  th a t  sh e  s e l e c t e d  s u c c u le n t  l e a f  o f  low  
dry m a tte r  c o n te n t  r a th e r  th an  stem .

The q u a n t i t i e s  o f  w a ter  drunk

The av era g e  amount o f  w ater  drunk d a i l y  by  each  
cow was 56 l b . , b u t a lth o u g h  th e  e r r o r s  o f  e s t im a t io n  
were n e g l i g i b l e ,  th e  in d iv id u a l  v a lu e s  (show n in  
T ab le  11 ) w ere e x tr e m e ly  v a r ia b le .  Cow 3 ,  how ever, 
showed a d e p r e s s io n  i n  w ater  consu m ption  s im i la r  to  
h er  d e p r e s s io n  in  m ilk  y i e l d .  A n a ly s is  o f  v a r ia n c e  
showed no s i g n i f i c a n t  e f f e c t s  e x c e p t  th e  d i f f e r e n c e  
b etw een  th e  h ig h  y i e l d i n g  and low  y i e l d i n g  p a ir s  
( 0 . 0 3  l e v e l )  and a c o e f f i c i e n t  o f  v a r ia t io n  o f  
t h a t  i s  24  lb . /c o w /d a y .

The dry m a tte r  c o n te n t  o f  th e  t o t a l  in ta k e

The dry m a tter  c o n te n t  o f  th e  t o t a l  in ta k e  was 
c a lc u la t e d ,  th a t  i s  th e  dry m a tter  in ta k e  _as a 
p e r c e n ta g e  o f  th e  t o t a l  in ta k e  o f  f r e s h  h erb age and 
ta n k  w ater  (T a b le  1 2 ) .  The a v era g e  v a lu e  was 1 2 .7 ^ .  
V a lu e s  p e r  cow were 13#0 and 13.1^' f o r  th e  low  
y i e l d e r s ,  and 1 2 .9  and 1 1 .9 ^  f o r  th e  h ig h  y i e l d e r s .

The cow w ith  th e  h ig h e s t  y i e l d s  d u r in g  th e  
ex p er im en t (cow  4) sliowed th e  lo w e s t  p e r c e n ta g e  o f  dry  
m a tter  i n  th e  in t a k e .  The o th e r  cow o f  th e  h ig h  
y i e l d i n g  p a i r ,  due to  h er  d e c l in e  in  y i e l d  d u r in g  th e  
e x p e r im e n t, drank l e s s  w a te r , b u t m a in ta in e d  a  
r e l a t i v e l y  h i ^  dry m a tte r  in t a k e ,  so  t h a t  th e  dry  
m a tte r  c o n te n t  o f  h er  t o t a l  in ta k e  app roach ed  th a t  o f  
th e  low  y i e l d i n g  cow s. T hese d i f f e r e n c e s  w ere n o t  
s i g n i f i c a n t ,  how ever, a lth o u g h  th e  c o e f f i c i e n t  o f  
v a r ia t io n  was o n ly  11^ ( T ab le  1 2 ) .

D a i ly  means v a r ie d  more th an  c o t /  m eans. T h is  
i s  t o  be e x p e c te d  from  v a r ia t io n s  in  th e  t im e s  o f  
d r in k in g  r e l a t i v e  to  th e  moment a t  w h ich  a cow day was 
a r b i t r a r i l y  c o n s id e r e d  to  have en d ed , and a l s o  from
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d i f f e r e n c e s  t h a t  e x i s t e d  b e tw een  th e  m o is tu r e  c o n te n ts  
o f  th e  h erb age  when sam pled and th e  m o is tu r e  c o n te n ts  
when e a te n , w h ich  were p a r t ly  d epend en t on r a i n f a l l ,  
su n sh in e  and dew, and w hich  v a r ie d  more b e tw een  days 
th an  b etw een  cow s.

G razin g  perform ance

E x am in ation  o f  th e  herb age r e s id u e s  a f t e r  
g r a z in g  showed th a t  th e  p l o t s  w hich had c o n ta in e d  th e  
low  y i e l d i n g  cows were o n ly  p a r t ly  d e f o l i a t e d  and were 
c o n sp ic u o u s  b y  t h e i r  d e e p e r  g r e e n  c o lo u r  compared w ith  
th e  o t h e r s .  T h is  co n firm ed  t h a t  th e r e  had b e e n  a 
d i f f e r e n c e  i n  herbage in ta k e  b etw een  th e  h ig h  and lo w  
y i e l d i n g  cows and in d ic a t e d  t h a t  th e  lo w  y i e l d i n g  cows 
co u ld  have consumed more h erb age  had t h e i r  a p p e t i t e s  
n o t  b een  s a t i s f i e d .

No cow had g r a ze d  more th a n  th e  o u te r  m argin  o f  
th e  h erb a g e  th a t  was grow ing  where dung had p r e v io u s ly  
b een  dropped , and th e  amount o f  th e  m argin  rem oved was 
s u b s t a n t i a l  o n ly  when y i e l d s  e ls e w h e r e  i n  th e  p l o t  wer^ 
r e l a t i v e l y  lo w , e i t h e r  b e ca u se  o f  p o o r  grow th , or  
b e c a u se  o f  a la r g e  a r e a  o f  dunged h e r b a g e . M oreover  
i t  was o b serv ed  th a t  th e  m argin s o f  th e  dunged a r e a s  
w ere more th o r o u g h ly  g r a ze d  by  th e  h ig h  y i e l d i n g  cows 
th an  b y  th e  low  y i e l d e r s .  A  p r e fe r e n c e  was shown by  
a l l  t h e  cows f o r  th e  r a th e r  rank  lu s h  h erb age  as  
compared w ith  s h o r te r  n i t r o g e n - s t a r v e d  h e r b a g e . The
rank h erb age o b ser v ed  had p ro b a b ly  b een  s t im u la te d  by  
u r in e ,  w h ich  ( a s  E xp . 7 show s) in c r e a s e s  th e  
p a l a t a b i l i t y  o f  th e  h erb age  whose grow th  i t  a f f e c t s .

D is c u s s io n

P r e c i s io n

The c o e f f i c i e n t  o f  v a r ia t io n  o f  dry m a tter  
in ta k e  from  tw en ty  e s t im a t e s  was 1 % , and o f  f r e s h  
h erb age  in ta k e ,  15^- T hese e r r o r  v a r ia t io n s  are  n o t  
u n s a t i s f a c t o r y  f o r  e x p e r im en ts  o f  t h i s  ty p e . N ot a l l  
th e  e r r o r  v a r ia n c e  was a t t r ib u t a b le  t o  t e c h n ic a l  
e r r o r s .  The a v era g e  sta n d a r d  e r r o r  p e r  in ta k e
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e s t im a t e  c a lc ü la t e d  from  herb age sa m p les was o n ly  7/&, 
b e c a u se  th e  v a r ia b le  r e s id u e s ,  a f t e r  g r a z in g , were  
mown o f f  and w e ig h ed . The e r r o r  c a lc u la t e d  from  th e  
h erb age  sa m p les , h ow ever, d o es n o t  in c lu d e  th e  e r r o r s  
i n  w e ig h in g  th e  mown herbage o r  in  th e  d e te r m in a t io n  o t  
dry  m a tte r  c o n t e n t s .  These a re  in c lu d e d  i n  th e  e r r o r  
e s t im a te d  by a n a ly s i s  o f  v a r ia n c e . The r e s t  o f  th e  
e r r o r  v a r ia n c e  was p ro b a b ly  m a in ly  due t o  random  
v a r ia t i o n s  i n  h erb age  y i e l d s  w h ich  c a u se  v a r ia t io n s  i n  
in t a k e .

The amounts o f  dry  m a tte r  consumed

The av era g e  d a i l y  d ry  m a tte r  in ta k e  e x p r e s s e d  aé 
a  p e r c e n ta g e  o f  l iv e w e ig h t ,  2 .% , was lo w er  than  was 
e x p e c te d . The in t a k e s  o f  h ig h  y i e l d i n g  cows (2 * 5 ^ ) ,  
w e re , how ever, s l i g h t l y  g r e a te r  th a n  th o s e  d e term in ed  
f o r  c lo s e - f o l d e d  c a t t l e  ( 2 .% )  by W aite e t  a l .  ( 1 5 6 ) .  
W ith  th e  e x c e p t io n  o f  one h ig h  y i e l d i n g  cow, whose 
y i e l d  d e c l in e d  from  c a u se s  th a t  c o u ld  n o t  b e  
a t t r ib u t e d  to  th e  ex p e r im en t, th e  r a te  o f  d e c l in e  i n  
m ilk  y i e l d s  was n o t abnorm al i n  th e  ex p e r im en ta l p l o t s ,  
T h is  s u g g e s t s  th a t  th e  amounts o f  h erb age  consumed were  
n o t  abnorm al, and t h a t  th e  d i f f e r e n c e s  i n  in ta k e  w ere  
n o t  th e  r e s u l t  o f  th e  e x p e r im e n ta l c o n d i t io n s ,  b u t due 
to  th e  norm al d i f f e r e n c e s  in  a p p e t i t e  b etw een  th e  cows

The dry m a tter  c o n te n t  o f  th e  t o t a l  in ta k e

D e s p ite  g r e a t  v a r i a b i l i t y  i n  f r e s h  h erbage d ry  
m a tte r  in ta k e  v a lu e s ,  and extrem e v a r i a b i l i t y  in  th e  
am ounts o f  w ater  drunk, th e  r a t i o s  b e tw een  them  on  
a v e ra g e  w ere su ch  th a t  f o r  ea ch  cow a t  any e s t im a te d  
l e v e l  o f  in ta k e ,  th e  p e r c e n ta g e  dry m a tte r  in  th e  t o t a | .  
in ta k e  was v e ry  c l o s e  t o  1% . A s l i g h t l y  lo w er  r a t i o  
o f  dry m a tter  to  w a ter  consumed was shown b y  th e  h ig h  
y i e l d i n g  cows b u t t h i s  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t .  The p r e s e n t  d a ta  s u g g e s t  th e r e fo r e  t h a t  
in t a k e s  b o th  o f  dry m a tte r  and o f  w ater  a re  r e l a t e d  to  
th e  m ilk  p r o d u c t io n  i n  su ch  a way t h a t  th e  r a t i o  o f  
d ry  m a tte r  to  w a te r  i s  a lm o st th e  same f o r  h ig h  and  
lo w  y i e l d e r s  p r o v id e d  th e y  a re  e a t i n g  s im i la r  h e r b a g e .



Summary and C o n c lu s io n s

1 .  A f i v e  day e s t im a t io n  o f  th e  h erbage dry m a tter  
in ta k e  o f  fo u r  cows showed w ith  s a t i s f a c t o r y  
p r e c i s i o n  th a t  o f  t h e i r  own v o l i t i o n  th o s e  o f  low  
m ilk  y i e l d  consumed l e s s  dry  m a tte r  ( I 9 . I  l b .  or  
1 .%  o f  t h e ' l iv e w e ig h t  ) th a n  th o s e  o f  h ig h e r  m ilk  
y i e l d  ( 2 6 .5  l b .  dry m a tte r  or 2.5^! o f  th e  
l i v e w e ig h t ) .  The a v era g e  d a i l y  dry m a tte r  in ta k e  
was 2 2 .8  l b .  t  0 .8 0  o r  2 .2 ^  o f  th e  l iv e w e ig h t  w ith  
a c o e f f i c i e n t  o f  v a r ia t i o n  o f  l6 ^ .

2 .  M ilk  y i e l d s  w ere n o t  a f f e c t e d  b y  g r a z in g  i n  sin g le-)- 
cow p l o t s .  T h is  s u g g e s t s  th a t  th e  am ounts e a te n  
w h ile  th e  cows w ere i n  th e  p l o t s  w ere n o t  abnormal

3 . The r a t i o  o f  dry m a tte r  consumed t o  t o t a l  w ater  
consum ed (e x p r e s s e d  a s  a p e r c e n ta g e )  was a lm o st  
c o n s ta n t  b etw een  cow s, and b etw een  d a y s , a t  13/&, 
w ith  a c o e f f i c i e n t  o f  v a r ia t i o n  o f  o n ly  11^ .

4 . T h ese  r e s u l t s  co n firm  th o s e  o f  p r e v io u s  exp erim en t?  
in  t h i s  s e r i e s .
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BXPERIMSNT 5

The E f f e c t  o f  Supp lem entary P eed  on th e  P a s tu r e
In ta k e  and th e  M ilk  Y ie ld  o f  D a iry  Cows

I n tr o d u c t io n

I n  th e  p r e c e d in g  e x p e r im e n ts  i t  was shown th a t  
th e  d a i l y  h erb age in ta k e  o f  g r a z in g  d a ir y  c a t t l e  was 
n o t  c o n s t a n t ,  b u t  t h a t  i t  v a r ie d  w ith  th e  y i e l d  p er  
a c r e  and th e  s p e c i e s  and p a l a t a b i l i t y  o f  th e  h erbage  
g r a z e d , and w ith  th e  m ilk  y i e l d  o r  s t a g e  o f  l a c t a t i o n  
o f  th e  cow. The a v era g e  am ounts o f  herb age d ry  
m a tte r  consum ed d a i l y  in  t h e s e  ex p e r im en ts  w ere lo w er  
th an  th e  am ounts e x p e c te d  from  a c c e p te d  f e e d in g  
s ta n d a r d s  f o r  hou sed  d a ir y  c a t t l e  (Woodman, I 6 3 ) b u t  
on sw ards o f  th e  q u a l i t i e s  u s e d , th e  n u t r ie n t  in ta k e  
was a p p a r e n tly  s u f f i c i e n t  to  s a t i s f y  th e  cow*s 
im m ediate r eq u ire m en ts  f o r  m ilk  p r o d u c t io n .

I t  i s  g e n e r a l ly  assum ed th a t  p a s tu r e s  d e c l in e  
i n  v a lu e  f o r  m ilk  p r o d u c tio n  a f t e r  midsummer, and on  
many d a ir y  farm s m ilk in g  cows are  o f f e r e d  supplem entary*  
f e e d  su ch  as o a t s  o r  c o n c e n tr a te  compounds i n  a d d it io n  
t o  p a s tu r e  from  J u ly  onwards and in  g r a d u a lly  
in c r e a s in g  q u a n t i t i e s .  I n  d ry  s e a s o n s ,  p a r t i c u la r ly  
i n  th e  s o u th , w here even  c a r e f u l  r o t a t i o n a l  management 
may f a i l  t o  p r o v id e  l e a f y  h erb age  a t  a l l  t im e s  i n  th e  
g r a z in g  s e a s o n , o b v io u s ly  some form  o f  su p p lem en ta ry  
f e e d  m ust b e  g iv e n . But w here th e  p a s tu r e  management 
and c lim a te  are  su ch  th a t  a su p p ly  o f  l e a f y  h erb age  i s  
a lw ays a v a i la b l e ,  i t  i s  q u e s t io n a b le  w h eth er  
su p p lem en tary  f e e d  i s  n e c e s s a r y  f o r  m ilk  p r o d u c t io n .

When th e  o u tp u t o f  a  p a s tu r e  i s  e s t im a te d  a  
d i f f i c u l t y  a r i s e s  i n  d e c id in g  what a llo w a n c e  s h o u ld  b e  
made f o r  any su p p lem en ts f e d .  I t  i s  u s u a l  t o  d ed u ct  
th e  t h e o r e t i c a l  s ta r c h  e q u iv a le n t  o f  th e  su p p lem en t  
from  the; n e t  s t a r c h  e q u iv a le n t  o u tp u t o f  p a s tu r e s  
e s t im a te d  from  an im al p r o d u c t io n  (9 5 )*  S im i la r ly  th e  
d ry  m a tter  o f  th e  supp lem ent i s  u s u a l ly  d e d u cte d  from  
th e  e s t im a te d  dry m a tter  o u tp u t o f  th e  p a s tu r e .

6 8



69

P a te r s o n  ( 1 2 5 ) ,  how ever, found i n  p r a c t i c e  t h a t  th e r e  
was no in c r e a s e  i n  m ilk  p r o d u c t io n  when c o n c e n tr a te s  
w ere f e d  t o  g r a z in g  cows and m a in ta in e d , t h e r e f o r e ,  
th a t  no d e d u c t io n  o f  th e  t h e o r e t i c a l  s ta r c h  e q u iv a le n t  
o f  th e  c o n c e n tr a te s  sh o u ld  h e  made from  th e  p a s tu r e  
o u tp u t . The e f f e c t  o f  a supp lem ent on m ilk  
p r o d u c t io n , and th e  c o r r e c t  p roced u re  t o  ad op t i n  
m aking a llo w a n c e s  f o r  su p p lem en tary  f e e d  when a s s e s s i n g  
p a s tu r e  o u tp u t w i l l  depend on w h eth er  th e  su p p lem en t  
i n  f a c t  su p p lem en ts th e  norm al herbage in t a k e  o f  c a t t l è  
o r  d i s p la c e s  i t ,  and on w h eth er i t  r a i s e s  th e  p la n e  o f  
n u t r i t i o n  above th e  optimum l e v e l  f o r  th e  e f f i c i e n t  
c o n v e r s io n  o f  n u t r ie n t s  t o  m ilk .

I t  was d e c id e d  to  stu d y  th e  e f f e c t  on m ilk  
y i e l d  in  t h e  l a t e r  summer o f  f e e d in g  a h ig h  q u a l i t y  
c o n c e n tr a te  supp lem en t (8  l b .  o f  d a ir y  cak e w ith  a 
s t a r c h  e q u iv a le n t  o f  7 5 ) ,  u s in g  th e  in d iv id u a l  cow - 
p l o t  te c h n iq u e  to  d eterm in e  th e  e f f e c t  o f  th e  
su pp lem en t on th e  cows* h erb age d ry  m a tter  in t a k e s ,  on  
t h e i r  in t a k e s  o f  w ater  and on t h e i r  b e h a v io u r .

E x p er im e n ta l

The p a s tu r e s

The p a s tu r e  u sed  was th e  same 5 a c r e  f i e l d  o f  
r y e g r a s s  u se d  i n  th e  p r e v io u s  y e a r  f o r  E xp erim ent 2 .
I t  had b een  d iv id e d  in t o  s i x  lo n g  narrow  s t r i p s  in  
1951 w hich were sown a l t e r n a t e l y  w ith  two g r a s s  s e e d  
m ix tu r e s , one m a in ly  o f  A y r sh ir e  com m ercia l p e r e n n ia l  
r y e g r a s s  w ith  c lo v e r ,  sown a t  1+0 l b .  p e r  a c r e ,  th e  
o th e r  o f  S23 r y e g r a s s  ( a  l e a f y ,  l a t e - f l o w e r i n g  p a s tu r e  
s t r a i n )  and 8100  w h ite  c lo v e r  sown a t  18 l b .  p er  a c r e .  
The d i f f e r e n c e  in  s e e d  r a t e s  was u n im p ortan t by  th e  
tim e t h i s  ex p erim en t to o k  p la c e .  The s a l i e n t  
d i f f e r e n c e  was th a t  i n  th r e e  s t r i p s  th e  sw ard was 
p r e d o m in a n tly  e a r ly  f lo w e r in g  A y r sh ir e  r y e g r a s s ,  and 
i n  th e  o th e r  th r e e  s t r i p s ,  l a t e  f lo w e r in g  823  r y e g r a s s  
These w i l l  b e  r e f e r r e d  to  a s  th e  *A y rsh ire*  and *823* 
sw a rd s .

A c u t  f o r  s i l a g e  was ta k e n  e a r l i e r  in  th e



s e a s o n  t o  en cou rage a u n iform  grow th  o f  h e rb a g e , a f t e r  
v/hich a d r e s s in g  o f  3 cw t. *N itro-C h alk *  p er  a c re  was 
g iv e n .  The t im e s  o f  c u t t in g  and r a t e s  o f  re  grow th  
w ere su ch  th a t  th e  ’A y rsh ire*  sw ard was read y  f o r  
g r a z in g  b e fo r e  th e  *823*. A f te r  a f i r s t  g r a z in g  in  
t h a t  o rd er  f o r  p e r io d s  1 and 2 o f  th e  e x p e r im en t, 
a n o th e r  d r e s s in g  o f  3 c w t. * N i tro -C h a lk *  was g iv e n ,  
and th e  re  grow ths were g ra zed  a g a in  in  p e r io d s  3 and 4

The d e s ig n  o f  th e  exp erim en t

B ecau se  o f  th e  seq u en ce  o f  grow th in  th e  p l o t s  
a m o d if ic a t io n  o f  a d o u b le -r e v e r s a i  d e s ig n  was u se d  so  
a s  t o  a v o id  co n fo u n d in g  th e  group r e c e i v in g  th e  
su p p lem en t w ith  th e  sward ty p e . The d e s ig n  app eared  
th u s ;

F i r s t  g r a z in g  
P e r io d  1 P e r io d  2

8econ d  
P e r io d  3

g r a z in g  
P e r io d  4

Cow group
A y r sh ir e
r y e g r a s s

823
r y e g r a s s

A y r sh ir e
r y e g r a s s

823
r y e g r a s s

Group A 8 Q 0 8

Group B 0 8 8 0

(8  =  su p p lem en ts f e d ;  Q =  no su p p lem en ts)

E ach p e r io d  was o f  7 d a y s , w ith  a t  l e a s t  2 
w eeks b e tw een  p e r io d s  in c lu d in g  p r e lim in a r y  p e r io d s  o f  
4 - 7  d ays i n  w h ich  su p p lem en ts were f e d  w h ile  th e  cows 
g r a z e d  h erb age  s im i la r  to  th a t  in  th e  p l o t s .  The 7 th  
day o f  p e r io d  4  i s  n o t  in c lu d e d  i n  th e  means f o r  th e  
h erb age d a ta  b e c a u se  on th a t  day th e  h erb age sa m p les  
w ere n o t r e p r e s e n t a t iv e  o f  th e  h erb age  g r a z e d .

The f i r s t  p e r io d  s t a r t e d  on 2nd J u ly ,  1 9 5 4 , th e  
se co n d  on 22nd J u ly ,  th e  t h ir d  on 1 1 th  A u g u st, and th e  
f o u r th  on 5 th  Septem ber.

Cows

E ig h t  cow s were p a ir e d  a s  c l o s e l y  a s  p o s s i b l e  

f o r  c a lv in g  d a t e s ,  m ilk  y i e l d s  and l iv e w e ig h t ,  and two 
grou p s o f  fo u r  cows form ed by  a l l o t t i n g  one cow o f

7 0 .



each  p a ir  a t  random to  e a c h  group. D e t a i l s  o f  th e  
cows are  g iv e n  i n  A ppend ix  T ab le  34* The a v era g e  
i n i t i a l  l iv e w e ig h t  o f  Group A was o f  Group
B 1043 l b . .  The a v era g e  d a i ly  m i ïk / in  th e  week 
p r e c e d in g  th e  p r e lim in a r y  p e r io d  o f  th e  exp erim en t was 
3 0 . 2  l b .  f o r  Group A and 3 2 .8  l b .  f o r  Group B.
C a lv in g  d a te s  and l a c t a t i o n  numbers w ere on average  
a lm ost e x a c t ly  b a la n c e d .

B etw een  p e r io d s  2  and 3 ,  one cow i n  Group A 
(cow  1 ) d e v e lo p ed  t e t a n y .  T h is  cow was rem oved and 
a n o th er  s u b s t i t u t e d  (cow  9)* A llow an ce  i s  made f o r  
any e f f e c t s  t h i s  may have had on th e  r e s u l t s .  W hile  
th e  new an im al was so  f a r  a s  p o s s ib l e  s e l e c t e d  f o r  i t s  
s i m i l a r i t y  i n  l iv e w e ig h t ,  m ilk  y i e l d ,  and s t a g e  o f  
l a c t a t i o n ,  i t  o b v io u s ly  c o u ld  n ot b e  s e l e c t e d  fo r  
s i m i l a r i t y  in  p o t e n t ia l  y i e l d  r e sp o n se  to  su p p lem en ts .

F ie ld  p roced u re

Each o f  th e  th r e e  s t r i p s  o f  each  sw ard was 
d iv id e d  lo n g i t u d in a l ly  by  a d ou b le  s tr a n d  e l e c t r i c  
f e n c e ,  and in d iv id u a l  cow p l o t s  were made i n  p a ir s  by  
s t r e t c h in g  e l e c t r i f i e d  w ir e s  a c r o s s  each  s t r i p .

The cows were a l l o t t e d  to  th e  p l o t s  so  t h a t  a 
cow r e c e iv in g  th e  su p p lem en t a lw ays g r a ze d  a d ja c e n t  to  
a n on -su p p lem en ted  cow. T h is  was done t o  red u ce  th e  
d i f f e r e n c e  b etw een  grou p s i n  th e  q u a l i t y  and y i e l d  o f  
herbage e n c o u n te r e d . The a l lo c a t i o n  o f  cows was 
o th e r w ise  a t  random. The supp lem en t was, f e d  in  two  
f e e d s  each  o f  4  l b .  ; one when th e  cows e n te r e d  th e  
p l o t s  a f t e r  th e  a f te r n o o n  m ilk in g , th e  o th e r  a f t e r  th e  
m orning m ilk in g . The supp lem ent was a lw a y s co m p le te l;  
consumed.

The e s t im a t io n  o f  herb age in ta k e

I n  p e r io d  1 th e  y i e l d  o f  each  p l o t  b e fo r e  
g r a z in g  was e s t im a te d  u s in g  a Tarpen e l e c t r i c  hedge  
trim m er, c l ip p in g  te n  random sam p les o f  3 . 2  s q . f t .  a s  
u n ifo r m ly  c lo s e  t o  ground l e v e l  a s  p o s s i b l e .  I n  
p e r io d  4 ,  and o c c a s io n a l ly  a t  o th e r  t im e s ,  th e  number 
o f  sam p les p er  p lo t  f o r  each  y i e l d  e s t im a te  was
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red u ced  to  e ig h t .  The r e s id u e s  a f t e r 'g r a z in g  w ere  
e s t im a te d  i n  th e  same way, sa m p lin g  i n  f r e s h ly  
random ised  l o c a t i o n s .  The p r o c ed u r es  i n  th e  
d e te r m in a t io n  o f  th e  dry m a tter  and cru de p r o t e in  
c o n t e n t s  o f  th e  herb age were th e  same as i n  th e  
p r e v io u s  e x p e r im e n ts .

Some d i f f i c u l t y  was found in  m achine sa m p lin g  
b e c a u se  o f  th e  c o a r s e n e s s  o f  th e  b a s a l  stem s o f  th e  
g r a s s e s  w hich  had r e s u l t e d  from  th e  p r e v io u s  s i l a g e  
c u t .  The S23 r y e g r a s s  ten d ed  to  grow i n  clum ps and 
m achine c u t t i n g  was so  s lo w  t h a t  sa m p lin g  b y  han d -  
c l ip p in g  was r e s o r te d  to  i n  p e r io d  2 . A l l  th e  
sam p les i n  one p lo t  were a lw ays cu t b y  th e  same 
m ethod. I n  p e r io d s  3 and 1+, a l l  th e  sa m p les  were 
hand c l ip p e d  w ith  sh eep  s h e a r s .

The r a te  o f  l iv e w e ig h t  in c r e a s e

The cows were w eigh ed  9 t im es  i n  th e  c o u r se  o f  
th e  e x p e r im e n t. A  p r e lim in a r y  w e ig h in g  was made on  
15th  Jun e j u s t  b e fo r e  th e  exp erim en t b e g a n , and th e  
su b seq u en t w e i ^ i n g s  were c a r r ie d  ou t b e fo r e  and a f t e r  
ea ch  p e r io d . The i n t e r v a l s  b etw een  w e ig h in g s  were  
n o t a l l  th e  sam e, b u t on ea ch  w e ig h in g  d a y  th e  cows 
were a lw ays w eigh ed  a t  th e  same tim e a f t e r  th e  m orning  
m ilk in g .

W ater con su m ption

E ach p l o t  was p r o v id e d  w ith  a la r g e  l a b e l l e d  
w a te r - ta n k , w hich was gauged  t o  th e  n e a r e s t  ^  g a l lo n  
and r e - f i l l e d  once d a i l y  when th e  cows w ere a l lo c a t e d  
t o  f r e s h  p l o t s .  A s im i la r  ta n k  was p la c e d  n ea r  th e  
e x p e r im e n ta l p l o t s  and i t s  w a ter  c o n te n t  m easured  
d a i l y  to  d e term in e  th e  com bined e f f e c t s  o f  r a i n f a l l  
and e v a p o r a t io n  on th e  w a te r  in ta k e  e s t im a t e s .

B eh av iou r  o b s e r v a t io n s

I n  e a c h  p e r io d  t h e  b e h a v io u r  o f  th e  cows was 
o b serv ed  th rou gh ou t th e  18 h r . o f  th e  day d u r in g  w hich  
th e y  were a t  p a s tu r e . The cows sp e n t th e  rem a in in g  
6 h r . o f  th e  day away from  th e  p l o t s  f o r  th e  tw ic e
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TABLE 13

Exp. 5: Summary o f  h erb a g e  d a ta
(T e x t  pp . 7 3 ,7 4 )

P e r io d 1 2 3 4

N e t p l o t  a r ea  ( s q .  f t . ) 1420 1449 1389 1800

H erbage d ry  m a tte r  y i e l d  
p e r  a cre  ( l b . )
Supplem ent group
C o n tr o l group
Mean

2256
2188
2222

2246
22.38
2242

2154
2218
2186

2277
2270

2273

W eight o f  herb age d ry  
m a tte r  p e r  p l o t  ( l b . )
Supplem ent group
C o n tr o l group
Mean

7 2 . 6

7 0 . 4
7 1 . 5

7 4 . 5
7 4 . 4
7 4 . 5

6 7 .9
7 0 . 8

6 9 . 3

8 0 .2
8 0 .6
8 0 . 4

D ry m a tte r  p e r  p l o t  l e s s  
700 l b .  p e r  a c r e  
d e d u c t io n

4 9 . 6 5 1 . 3 4 7 . 4 6 5 .0

Crude p r o t e in  c o n te n t  o f  
h erb a g e 1 2 . 7 1 4 . 8 1 4 .1 1 0 . 3

Dry m a tte r  c o n te n t  {%) 2 7 . 5 1 8 .3 2 1 .2 2 4 . 4



d a i l y  m ilk in g , and a f t e r  th e  m ilk in g , in  w a it in g  in  a 
h a re  paddock  fo r  r e - e n t r y  to  th e  p l o t s .  When n o t  
c o n f in e d  t o  th e  p l o t s  th e  an im als were u n a b le  to  g r a ze  
or t o  d r in k .

The a c t i v i t i e s  o b ser v ed  were g r a z in g , l y in g  
o n ly ,  s ta n d in g  o n ly , and l y i n g  or s ta n d in g  w h i l s t  
r u m in a tin g . The f r e q u e n c ie s  o f  u r in a t io n ,  
d e f a e c a t io n  and d r in k in g  were a ls o  o b se r v e d . The 
o b s e r v a t io n s  were made c o n t in u o u s ly  d u r in g  d a y l ig h t  
and e v e r y  10  m in. a t  n ig h t .

The o b s e r v a t io n s  w ere made on th e  l a s t  g r a z in g  
day o f  each  p e r io d , e x c e p t  i n  p e r io d  3 when an 8 th  day  
was a l l o t t e d  f o r  b e h a v io u r  o b s e r v a t io n s .  The 8 th  day  
o f  p e r io d  3 ,  and th e  7 th  day o f  p e r io d  k  when th e s e  
o b s e r v a t io n s  were made, a re  n o t  in c lu d e d  in  th e  d a ta  
f o r  h erb age in t a k e , and d i r e c t  com p arison  b etw een  
b e h a v io u r  and in ta k e  w it h in  ea ch  o b s e r v a t io n  day i s  
o n ly  p o s s i b l e  f o r  p e r io d s  1 and 2 .

W eather

A p pend ix  T ab le  35 g iv e s  r e le v a n t  w eath er  d a ta .

I n  th e  f i r s t  th r e e  p e r io d s ,  b rok en  w eath er  w ith  
some h eavy  r a in  c a u sed  d i f f i c u l t i e s  i n  th e  e s t im a t io n  
o f  th e  dry m a tte r  c o n te n t  o f  th e  h erb age  consumed f o r  
o c c a s io n a l ly  much o f  th e  m o is tu r e  c o n te n t  o f  "the 
h erb age sam p les was e x tr a n e o u s  r a in w a te r , th e  amount o |  
w hich  changed r a p id ly  e v e n  d u rin g  sa m p lin g . No r a in  
f e l l  in  th e  4 t h  p e r io d , when th e  w ea th er  was c lo u d y  
and c o o l .

R e s u lt s  

H erbage y i e l d s  and q u a l i t y

The herbage d a ta  are  summ arized i n  T a b le  13*
The y i e l d s  o f  h erbage dry m a tter  p er  a c r e  w ere s im i la r  
in  each  p e r io d ,  a v e r a g in g  2231 l b .  p er  a c r e .  The 
y i e l d s  p e r  a cre  o f  p a la t a b le  herbage how ever were  
p ro b a b ly  lo w er  i n  p e r io d s  3 and 4  th a n  i n  p e r io d s  1 
and 2 . W hile  in  th e  f i r s t  two p e r io d s  th e  herbage  
was s u c c u le n t ,  h a v in g  grown r a p id ly  a f t e r  a s i l a g e
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c u t ,  in  th e  secon d  two p e r io d s  th e  s tu b b le  l e f t  by  th e  
s i l a g e  c u t  had hardened  and grov/th was s lo w e r , so  th a t  
th e  h erb age  was s h o r t  and tou gh .

The amounts o f  herbage dry  m a tte r  a llo w ed  p er  
p l o t  w ere g e n e ro u s , a v e r a g in g  b etw een  two and th r e e  
t im e s  th e  t h e o r e t i c a l  d ry  m a tter  req u ire m en ts  o f  th e  
cows ( 1 6 3 ) even  a f t e r  a d e d u c tio n  o f  700 l b .  p e r  a c r e  
was made t o  a l lo w  f o r  u n g ra za b le  b a s a l  h e r b a g e . The 
l a r g e s t  amounts o f  dry  m a tter  p er  p l o t  were a llo w e d  i n  
p e r io d  4  when th e  a r e a  o f  th e  p l o t s  was in c r e a s e d  to  
a l lo w  th e  cows o p p o r tu n ity  fo r  s e l e c t i o n .

The ra n d o m iza tio n  o f  th e  cows was s u c c e s s f u l  in  
e n s u r in g  th a t  w ith in  ea ch  p e r io d  e a c h  group v;as 
o f f e r e d  s im i la r  amounts o f  herbage b o th  p er  p lo t  and  
p er  a c r e .  The su p p lem en ted  group on a v era g e  was 
o f f e r e d  2 .3  l b .  more dry  m a tter  p er  p l o t  th an  th e  
c o n t r o l  group in  p e r io d  1 , and 2 .9  l b .  l e s s  in  p e r io d
3 . O th erw ise  th e r e  was v i r t u a l l y  no d i f f e r e n c e ,  and  
none o f  th e  d i f f e r e n c e s  was s t a t i s t i c a l l y  s i g n i f i c a n t .

Crude p r o t e in  c o n te n ts

S e v e r a l  c o m p o site  herb age sam p les were a n a ly se d  
f o r  cru d e  p r o t e in  c o n te n t ,  and th e  r e s u l t s  are g iv e n  
i n  A ppend ix  T ab le  36 and sum m arised i n  T a b le  13* The 
a v era g e  crude p r o t e in  c o n te n ts  o f  th e  h erbage dry  
m a tte r  b e fo r e  g r a z in g  w ere fo r  ea ch  p e r io d  1 2 .7 ,  1 4 * 8 , 
1 4 . 1  and 1 0 . 3 ^. The m ain f e a tu r e  i s  th e  d e c l in e  in  
th e  l a s t  p e r io d , a lth o u g h  an in c r e a s e  i n  autumn i s  th e  
u s u a l  s e a s o n a l  tr e n d  {1 1 )•

Dry m a tte r  c o n te n ts

The mean d ry  m a tte r  c o n te n ts  e s t im a te d  f o r  th e  
t o t a l  herbage in  ea ch  p e r io d  are  in c lu d e d  in  T ab le 13* 
The dry m a tte r  c o n te n ts  o f  th e  h e r b a g e , e x c e p t  in  
p e r io d s  Z and 3 when r a i n f a l l  was h e a v y , were h ig h e r  
th an  u s u a l  f o r  sw ards a t  th e  v e g e t a t iv e  s ta g e  o f  
grow th . T h is  was p r o b a b ly  a cco u n ted  f o r  by th e  
c o a r s e  and f ib r o u s  b a s a l  p o r t io n  o f  th e  g r a s s e s ,  
r e s u l t i n g  from  th e  p r e c e d in g  s i l a g e  c u t  w h ich  had 
b een  ta k e n  a t  th e  e a r ly  h ea d in g  s t a g e  o f  grow th.
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TABLE 14

E xp. 5 : Mean h erb age  d r y  m a tte r  In ta k e  p e r  p e r io d
(T e x t  p . 75)

Group Cow 1 2 3 4 Mean

A 1 ,9 1 8 .3 3 1 . 0 1 7 . 0 2 4 . 1 2 2 . 6
2 2 3 . 5 2 6 . 0 2 1 .6 2 6 . 1 2 4 . 8

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

Mean 2 3 . 3 2 6 .8 1 7 . 6 1 9 . 1 2 1 .7

B 5 2 6 . 9 2 9 . 8 1 4 . 7 2 0 .3 2 2 . 9
6 2 2 . 9 2 6 .8 1 1 .0 3 3 . 0 2 3 . 4
7 2 3 . 5 1 9 . 8 1 3 . 4 1 7 . 9 1 8 . 7
8 2 3 . 0 2 8 .5 1 4 . 8 2 6 . 8 2 3 . 3

Mean 2 4 . 1 2 6 . 2 1 3 . 5 2 4 . 5 2 2 .1

. .

Grand Mean
......................................

2 3 . 7 2 6 . 5 1 5 . 5 2 1 .8 2 1 . 9  ± 0 .8

D i f f e r e n c e  su p p lem en t -  
no su p p lem en t 0 .8 0 .6 4 .1 5 . 4 2 . 7

A n a ly s i s  o f  V a r ia n ce

d f M8-̂ P

B etw een  cows 7 2 0 .2 7
Groups 1 1 .1 0
Cows w it h in  groups 6 2 3 .4 7 1 . 2 3

W ith in  cows 24 3 9 . 9 0
P e r io d s 3 1 7 3 .6 0 9 . 10™%

(1 + 2 ) - (3 + 4 ) 1 3 3 2 .1 8 1 7 . 4 0 =™
( 1 + 3 ) - (2 + 4 ) 1 1 6 3 . 4 8 8 .6 7 ™
(1 + 4 ) - (2 + 3 ) 1 2 3 . 6 3 1 .6 4
P e r io d  x  group  
(su p p lem en t e f f e c t )

3
1

3 1 . 0 7
5 9 . 2 0

E rro r 18 1 9 .0 8

T o ta l 31 C o e f f i c i e n t  o f
v a r ia t i o n  =  20%

 ̂ i . e .  S ig n i f i c a n c e  l e v e l  0 .2



There v/as no d i f f e r e n c e  b e tw een  th e  cov/ grou p s  
i n  th e  dry m a tte r  c o n te n t s  o f  th e  h erb age  o f f e r e d  i n  
e a c h  p e r io d . O nly th e  day to  day v a r ia t io n s  rea ch ed  
s t a t i s t i c a l  s i g n i f i c a n c e .

H erbage dry m a tte r  in ta k e

The mean h erb age dry m a tte r  in t a k e s  f o r  each  
cow i n  each  p e r io d  a r e  shown i n  T a b le  14  w ith  th e  
a n a l y s i s  o f  v a r ia n c e .  B oth  grou p s o f  c a t t l e  on 
a v e r a g e  consumed th e  same amount o f  h erb age  d ry  m a tte r  
T h e ir  average  d a i l y  h erb age  d ry  m a tte r  in ta k e  when n o t  
f e d  th e  supp lem en t was 23*3 l b . .  The su pp lem en t  
c a u se d  an average  r e d u c t io n  o f  2 .7  l b .  d a i l y  in  th e  
amount o f  h erb age dry  m a tter  consum ed, b u t  t h i s  was 
s i g n i f i c a n t  o n ly  a t  th e  0 .2  l e v e l .  D i f f e r e n c e s  i n  
mean in t a k e s  b etw een  p e r io d s  w ere s i g n i f i c a n t  a t  th e  
0 .0 0 1  l e v e l .  V ery  lo w  d ry  m a tter  in t a k e s  o f  13*3 l b .  
p e r  cow /day were fo u n d  in  p e r io d  3 , and th e  d i f f e r e n c e  
b e tw een  in ta k e s  in  t h i s  p e r io d  and th e  o th e r  th r e e  
p e r io d s  was s i g n i f i c a n t  a t  th e  0 .0 0 1  l e v e l .  E x cep t  
f o r  t h i s  p e r io d  th e  in ta k e  o f  th e  n o n -su p p lem en ted  
cow s was b etw een  24  and 27 l b .  (o r  2 .1  t o  2.4^o o f  th e  
a v e r a g e  l iv e w e ig h t )  w hich a g r e e s  w ith  th e  g e n e r a l  
l e v e l s  o f  in ta k e  r e p o r te d  in  th e  o th e r  ex p er im en ts  
i n  t h i s  s e r i e s .

The mean dry m a tter  in t a k e s  p e r  cow /d ay  w ere on 
a v e ra g e  h ig h e r  on th e  823  sw ard s, th a n  on th e  A y r sh ir e  
sw a rd s . The a v era g e  v a lu e s  w ere 1 9 . 6  l b .  on th e  
A y r sh ir e  sw ard and 24*2 l b .  on th e  823  sw ard, and th e  
d i f f e r e n c e  o f  4*6  l b .  was s i g n i f i c a n t  a t  th e  0 .0 5  
l e v e l .  T h is  d i f f e r e n c e ,  how ever, was p ro b a b ly  p a r t l y  
a t t r ib u t a b le  t o  th e  in c r e a s e  i n  p l o t  s i z e s  a llo w e d  on  
8 2 3  r y e g r a s s  i n  p e r io d  4 ,  w hich f o r  r e a so n s  e x p la in e d  
b e lo w , ca u sed  th e  h erb age in ta k e  to  in c r e a s e  above th e  
l e v e l  o f  p e r io d  3* The d e p r e s s io n  o f  h erb age  dry  
m a tte r  in ta k e  due t o  supp lem ent f e e d in g  was on a v era g e  
th e  same on b o th  sw ard s.

R e s u l t s  w ith in  p e r io d s

To e x p la in  th e  in c o n s is t e n c y  o f  th e  r e d u c t io n
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in  h erb age d ry  m a tte r  in ta k e  cau sed  b y  th e  su p p lem en t, 
th e  r e s u l t s  o f  ea ch  p e r io d  w ere s e p a r a t e ly  a n a ly se d  
(App. T a b le  3 7 )-

H ig h er  v a r i a b i l i t y  was found f o r  p e r io d s  3 and 
4 ,  and presum ab ly  t h i s  was due a t  l e a s t  p a r t ly  to  an 
in c r e a s e d  s e l e c t i v i t y  i n  g r a z in g  r e s u l t i n g  from  th e  
e f f e c t s  o f  th e  excrem en ts dropped in  p e r io d s  1 and 2 . 
The c o e f f i c i e n t s  o f  v a r ia t i o n  in  each  p e r io d  w ere , 30% 
29^, 43^ and 34^ . The e x tr e m e ly  h ig h  v a lu e  f o r  
p e r io d  4  was p a r t ly  a t t r ib u t a b le  to  o n ly  6 d a y s'  
r e s u l t s  h a v in g  b een  in c lu d e d  in s te a d  o f  7* (The 
h erbage sam p les on day  7 w ere n o t  r e p r e s e n t a t iv e  o f  
th e  h erb age  g r a ze d . ) B eca u se  o f  t h i s  and a l s o  
b e c a u se  th e r e  were s i g n i f i c a n t  d i f f e r e n c e s  i n  r e a c t io n  
t o  su p p lem en ts  b etw een  in d iv id u a l  cows w it h in  each  
group in  p e r io d  4 ,  th e  d i f f e r e n c e  b e tw een  cow groups  
o f  4*1  l b .  found i n  p e r io d  3  was s i g n i f i c a n t  w h ile  th e  
g r e a te r  d i f f e r e n c e  o f  5*4  l b .  in  p e r io d  4  was n o t .

The e f f e c t  o f  herbage y i e l d s  on in ta k e

D if f e r e n c e s  b etw een  d ays in  th e  mean in ta k e  o f  
a l l  cows w ere s i g n i f i c a n t  i n  a l l  p e r io d s  e x c e p t  p e r io d  
3* B oth  groups o f  c a t t l e  th e r e fo r e  r e a c te d  s i m i la r l y  
to  th e  f a c t o r s  c a u s in g  day to  day v a r ia t io n s  in  in ta k e  
e x c e p t  in  p e r io d  2 when th e  day x  group in t e r a c t io n  
was s i g n i f i c a n t .

The day t o  day v a r ia t io n s  w it h in  ea ch  p e r io d  a s  
in  p r e v io u s  ex p er im en ts  w ere foun d  t o  b e  r e l a t e d  to  
v a r ia t io n  i n  th e  dry m a tte r  y i e l d s  p er  a c r e  and p er  
p l o t .  The c o r r e la t io n s  ( r )  b etw een  d a i l y  mean herbag^  
dry m a tte r  a v a i la b le  p er  p l o t  and dry m a tte r  in ta k e  
av era g ed  0 ..639  ai^d b etv /een  herbage d r y  m a tte r  y i e l d s  
p e r  a cre  and dry m a tte r  in ta k e  0 .7 9 9  (A p p en d ix  T able  
3 8 ) .  T h is  s u g g e s t s  t h a t  th e  y i e l d s  p e r  a c r e  
in f lu e n c e  in t a k e  more th a n  th e  am ounts o f  d ry  m a tter  
a llo w e d  p e r  p l o t .  T h is  was to  be e x p e c te d  s in c e  th e  
amounts o f  dry m a tter  a llo w e d  were a lw a y s f a r  in  
e x c e s s  o f  th e  cow s' p r o b a b le  r e q u ir e m e n ts .

The r e g r e s s io n s  o f  dry m a tter  in ta k e  on dry

7 6 .
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m a tte r  y i e l d s  p e r  a cre  are g iv e n  i n  A ppendix Tat l e  39 
and are  shown f o r  each  p e r io d  i n  F ig .  13« T here was 
no s i g n i f i c a n t  d i f f e r e n c e  betw een  groups w ith in  
p e r io d s ,  b u t th e  p o o le d  r e g r e s s io n  f o r  p e r io d s  1 and 3  
(A y r sh ir e  r y e g r a s s )  was s i g n i f i c a n t l y  d i f f e r e n t  from  
t h a t  o f  p e r io d s  2  and k  (823  r y e g r a s s ) .  A g iv e n  
in c r e a s e  i n  y i e l d  a p p a re n tly  ca u sed  a g r e a te r  in c r e a s e  
i n  in ta k e  on th e  823 r y e g r a ss  sw ards th an  on th e  
A y r sh ir e  r y e g r a s s  sw ard s. T h is  i s  p o s s ib ly  a cco u n ted  
f o r  by a h ig h e r  p r o p o r t io n  o f  l e a f  in  th e  823  s t r a i n  
a t  h ig h e r  y i e l d s ,  and by  th e  low  a v a i l a b i l i t y  o f  th e  
b o tto m  grow th . A s a r e s u l t  o f  p r e v io u s  management 
th e  823 sw ards had form ed dense clum ps w h ich  c o u ld  n o t  
b e  e n t i r e l y  e a te n  by  th e  cow s, b u t w hich were in c lu d e d  
i n  th e  y i e l d  e s t im a t io n s .  A n other c o n tr ib u t in g  
f a c t o r  to  t h i s  d i f f e r e n c e  betw een  th e  sw ards may have  
b e e n  th e  in c r e a s e  in  p lo t  s i z e s  a llo w e d  i n  p e r io d  4  
(8 2 3  r y e g r a s s ) .

T hese r e g r e s s io n s  were l i n e a r ,  b u t th e r e  was a 
ten d en cy  to  c u r v i l i n e a r i t y  i n  p e r io d s  1 and 3* V /ith  
d a ta  from  a w id er  range o f  herbage y i e l d s  and 
q u a l i t i e s  i t  i s  v ery  p rob ab le  th a t  a  s ig m o id a l cu rve  
c o u ld  have b een  shown, s in c e  a t  th e  h ig h e r  y i e l d s  th e  
rumen c a p a c it y  o f  th e  cows and th e  a f f e c t s  on a p p e t i t e  
o f  an in c r e a s in g  p r o p o r t io n  o f  stem  in  th e  herb age  
w ould l i m i t  in ta k e  ( 1 5 6 ) ,  and on th e  o th e r  hand, th e  
cows would p resum ab ly  r e s i s t  th e  e f f e c t  o f  d e c l i n i n g  
y i e l d s  i n  an a ttem p t t o  s a t i s f y  t h e i r  a p p e t i t e s .

The e f f e c t  o f  i n t e n s i t y  o f  s t o c k in g

The y i e l d s  o f  herbage per a c re  showed l i t t l e  
v a r ia t io n  b e tw een  p e r io d s ,  and d id  n o t  accou n t f o r  th e  
d i f f e r e n c e s  b e tw een  p e r io d s  in  dry m a tter  in t a k e .
Much g r e a te r  d i f f e r e n c e s  b etw een  p e r io d s  were fou n d  in  
th e  p e r c e n t  r e d u c t io n s  i n  y i e l d s  p e r  a c re  c a u sed  by  
g r a z in g , w hich f o r  p e r io d s  1 to  1+ r e s p e c t i v e l y  were  
3 3 , 3 6 , 23 and 23^. I n  p e r io d  3 th e  sm a ll r e d u c t io n  
i n  y i e l d s  was ca u sed  by th e  co w 's o b v io u s  r e lu c ta n c e  
t o  g ra ze  in t o  th e  u n p a la ta b le  b o ttom  grow th . I n  
p e r io d  k  an in c r e a s e  o f  about 2k% i n  th e  n e t  a r e a  o f
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TABLE 13

Exp. 3: E st im a te d  in t a k e s  o f  s t a r c h  e q u iv a le n t
( lb . / c o w /d a y ,  rounded)

(T e x t  p . 78)

Period
1 2 3 4

Estimated S.B. intake 
With supplement 
Without supplement

1 9 . 8
m .2

2 2 .2  
1 6 .6

1 4 .8
1 1 .4

1 7 .3
1 4 .3

Difference in favour 
of supplements 5 .6 3 .6 3 .4 2 .8



h erb age  a llo w e d  p er  p l o t ,  t h a t  i s  a r e d u c t io n  in  th e  
r a te  o f  s t o c k in g  from  ab ou t 30 to  24 cows p e r  a c r e ,  
a llo w e d  th e  cows to  g a in  a  g r e a te r  f i l l  w ith o u t  th e  
n eed  t o  g ra ze  any c l o s e r .  Had th e  n e t  a r e a s  o f  th e  
p l o t s  b een  e q u a l i n  p e r io d s  3 and 4  i t  i s  v e r y  
p r o b a b le  t h a t  in ta k e s  i n  b o th  p e r io d s  w ould have b een  
low*

" The significant difference between groups in 
period 3, therefore, may have been due to the 
difficulties of gaining a normal fill arising from 
restriction on an unpalatable sward, when those cows 
T/hose appetites were already partly satisfied by 
supplementary feed made a less determined effort to 
overcome the poor grazing conditions imposed on them.
The estimated starch equivalent consumption

The s ta r c h  e q u iv a le n t s  o f  th e  h erb age i n  each  
p l o t  b e fo r e  and a f t e r  g r a z in g  were e s t im a te d  from  th e  
cru d e p r o t e in  c o n te n ts  o f  th e  herbage sam p les u s in g  
th e  r e g r e s s io n  e q u a tio n  o f  8 . J .  W atson (S*E . = 0 .6 8 8 6 x  

4 7 -9 7  where x  = crude p r o t e in  c o n t e n t ) ( 1 5 9 ) •  The
s t a r c h  e q u iv a le n t s  o f  th e  herbage b e fo r e  g r a z in g  i n  
ea ch  p e r io d  were e s t im a te d  t o  be 5 7 , 5 8 , 58 and 5 5 ,  
w h ile  th e  s ta r c h  e q u iv a le n t s  o f  th e  h erbage consumed 
w ere e s t im a te d  t o  be 5 9 , 6 2 , 65 and 59* The 
d i f f e r e n c e  b etw een  th e  two e s t im a te s  was g r e a t e s t  in  
p e r io d  3- T h is  a g r e e s  w ith  th e  lo w er  dry  m a tte r  
in t a k e s  e s t im a te d  in  t h a t  p e r io d , w h ich  im p ly  r e f u s a l  
o f  lo w  q u a l i t y  h erb a g e .

The amounts o f  s t a r c h  e q u iv a le n t  e s t im a te d  to  
have b een  consumed are  shown in  T a b le  15- The 
r e s u l t s  f o r  th e  su pp lem en ted  cows in c lu d e  th e  s ta r c h  
e q u iv a le n t  o f  th e  su p p lem en t. The d i f f e r e n c e s  b etw eeb  
grou p s w it h in  each  p e r io d  were g r e a te r  i n  th e  f i r s t  
two p e r io d s  th a n  in  th e  seco n d  tw o , b e c a u se  th e r e  v/as 
no d e p r e s s io n  o f  herbage in ta k e  when th e  supp lem ent  
was f e d  i n  th e  f i r s t  two p e r io d s .

7 8 .



TABLE 16

Exp. 5: Mean d a i l y  m ilk  y i e l d  f o r  ea ch  cow i n  ea ch  p e r io d  ( l b . )
(T e x t  p . 79 )

Group Cow 1 2 3 4 Mean
D if f e r e n c e  

S u p p .-  
No su p p .

A 1 ,9 3 7 .0 3 5 .6 2 5 .7 2 4 . 7 3 0 . 8 0 . 3
2 4 3 .0 4 1 .4 3 0 .9 3 6 . 0 3 7 . 8 3 . 4
3 3 7 .7 3 2 .4 1 9 . 3 2 5 .1 2 8 .6 5 . 5
4 2 6 . 0 1 9 .4 1 1 . 4 9 . 1 1 6 . 5 2 .1

Mean 3 5 .9 3 2 . 2- 2 1 .8 2 3 . 8 2 8 .4 2 .8

B 5 3 2 .4 3 2 .1 2 0 .0 1 8 .6 2 5 . 8 0 .6
6 3 3 .0 3 7 .4 2 4 . 0 2 3 . 9 2 9 . 6 2 . 3
7 3 4 .1 3 4 .9 2 8 .4 2 5 . 9 3 0 . 8 1 .6
8 3 0 .4 3 3 .7 2 7 . 0 2 3 . 0 2 8 .5 3 . 7

Mean 3 2 .3 3 4 .5 2 4 . 9 2 2 .8 2 8 .7 2 .0

Mean 3 4 .2 3 3 .4 2 3 . 3 2 3 . 3 2 8 . 6  ± 0 . 4

D if f e r e n c e 3 .4 2 .3 3 . 1 1 .0 2 . 4su p p . - JNJO su pp .

A n a ly s is  o f  V a r ia n c e

S ou rce d f MS VE

B etw een  cows 7 1 4 3 .2 0 3 . 38*
Groups 1 0 . 5 3
Cows w ith in  grou p s 6 1 6 6 . 9 8

Within cows 24 4 2 . 3 6
P e r io d s 3 2 9 3 .1 9  1 6 . 3 2 %
p e r io d  x  group 3 1 7 .9 7 3.90%

(su p p lem en t e f f e c t ) 1 3 . 0 0  1 0 . 1 5
E rror 18 4 . 6 1

T o ta l 31 C o e f f i c i e n t  o f  
v a r ia t io n = 8^
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M ilk  y i e l d s

D e c l in e  i n  y i e l d s

D a i ly  m ilk  y i e l d s  p e r  cow are  g iv e n  in  T a b le  16 . 
The tr e n d s  i n  th e  a v era g e  d a i l y  m ilk  y i e l d s  f o r  ea ch  
group o f  fo u r  cows are  shown i n  P ig .  Ik  where i t  can  
b e  se e n  t h a t  th e  m ilk  y i e l d s  d e c l in e d  more b e tw een  
p e r io d s  th an  w ith in  p e r io d s .  B etw een p e r io d s  th e  cows 
w ere g iv e n  f r e e  ran ge a s  one group on herbage  
g e n e r a l ly  lo w e r  in  y i e l d  th a n  t h a t  g ra zed  d u r in g  
e x p e r im e n ta l p e r io d s .  T here was a l s o  some 
d is tu r b a n c e  from  f l i e s .  T hese f a c t o r s  p ro b a b ly  
a c c e n tu a te d  th e  norm al d e c l in e  i n  y i e l d  o f  a l l  th e  cows 
w ith  a d van cin g  l a c t a t i o n .

R e g r e s s io n s  o f  m ilk  y i e l d  on days were 
c a lc u la t e d  from  2 6 th  June (6  days b e fo r e  th e  experimeniji 
b eg a n ) u n t i l  th e  end o f  th e  ex p erim en t f o r  each  cow  
group (A ppend ix  T ab le  ko)  and th e  r e g r e s s io n  
c o e f f i c i e n t s  w ere foun d  to  d i f f e r  h ig h ly  s i g n i f i c a n t l y  
( 0 .0 0 1  l e v e l ) .  The r e g r e s s io n  e q u a t io n  fo r  Group A 
was y  = 2 ^ .8 7  •  0.197% , and f o r  Group B, 
y  = 3i+.57 — 0,167%  (w here y  = mean y i e l d  p er  day in  lb ,  
and % =. th e  number o f  d ays a f t e r  2 6 th  Ju n e.

P ig .  14  shows an o c c a s io n a l  r i s e  in  th e  y i e l d s  
o f  b o th  groups in  th e  p r e lim in a r y  p e r io d s  when o n ly  on^ 
group r e c e iv e d  th e  su p p lem en t. T h is  o ccu rred  when 
th e  p r e lim in a r y  su p p lem en t f e e d in g  o f  one group  
c o in c id e d  w ith  a c c e s s  o f  b o th  grou p s t o  th e  
e x p e r im e n ta l p a s t u r e .  The c o n sta n c y  o f  mean y i e l d s  
d u r in g  e x p e r im e n ta l p e r io d s  o f  d a i l y  f o ld in g  compared 
w ith  y i e l d s  d u r in g  f r e e  g r a z in g  was v e ry  n o t ic e a b le  fojp 
th e  n o n -su p p lem en ted  groups i n  p e r io d s  1 , 2 and 3*
The y i e l d s  o f  th e  su p p lem en ted  cows w ere g e n e r a l ly  
more v a r ia b le  th an  th o s e  o f  th e  n o n -su p p lem en ted  cow s.

The e f f e c t  o f  th e  supp lem ent on m ilk  y i e l d s

The a v era g e  d a i l y  y i e l d  o f  a l l  cows w ith o u t th e  
su p p lem en t was 27*4 l b .  and w ith  th e  supp lem en t was
2 9 . 8  l b . . The d i f f e r e n c e  o f  2 .4  l b .  d a i l y  was th e  
in c r e a s e  i n  y i e l d  a p p a r e n tly  a t t r i b u t a b l e  to  8 l b .



su p p lem en t. A n a ly s is  o f  v a r ia n c e  o f  th e  mean d a i l y  
y i e l d s  p er  cow in  ea ch  p e r io d  (T a b le  l 6 )  showed  
s i g n i f i c a n t  b e tw e e n -p e r io d  and b etw een -cow  e f f e c t s ,  
and a s i g n i f i c a n t  p e r io d -o n -g r o u p  in t e r a c t io n  f o r  
w h ich  th e  su p p lem en t was p ro b a b ly  r e s p o n s ib le .
W ith in  t h i s  in t e r a c t io n  th e  su p p lem en t e f f e c t  was 
found  to  b e  s i g n i f i c a n t  a t  th e  0 .0 1  l e v e l .

The a p p aren t e f f e c t  o f  th e  su pp lem en t i n  p e r io d  
3  may have b een  fa v o u r ed  by th e  g r e a te r  p e r s i s t e n c y  o f  
Group A b etw een  p e r io d s  2  and 3 ,  in  each  o f  w h ich  t h i s  
group r e c e iv e d  th e  su p p lem en t. The g r e a te r  
p e r s i s t e n c y  v;as n o t  a t t r ib u t a b le  to  th e  su p p lem en t fe d  
i n  p e r io d  2  n o r  to  th e  rep la cem en t o f  one cow in  t h i s  
grou p , s in c e  th e  y i e l d  o f  th e  n ew ly  in tr o d u c e d  cow was 
lo w er  th a n  th a t  w hich m igh t have b een  e x p e c te d  o f  th e  
o r ig i n a l  cow. I t  was a r e l a t i v e  e f f e c t  c a u se d  m a in ly  
b y  one cow i n  th e  o th e r  group (cow  4 ) whose y i e l d s  
d e c l in e d  s t e e p l y  r e g a r d le s s  o f  tr e a tm e n t.

The m ilk  y i e l d s  were th e r e fo r e  g iv e n  fu r th e r  
s tu d y  b y  B r a n d t's  m ethod f o r  a n a ly s i s  o f  r e v e r s a l  
d e s ig n s  (S n ed ec o r  1 4 6 ) ,  b o th  to  co n firm  th a t  th e  
su pp lem en t e f f e c t  was g en u in e  and to  compare th e  
r e s u l t s  o f  d i f f e r e n t  m ethods o f  a n a ly s i s  (A p pend ix  
T ab le  4 1 ) .

C om parisons b etw een  p e r io d s  1 , 2  and 4 ,  and 
b etw een  p e r io d s , 1 , 3 and 4  ( a s  s im p le  r e v e r s a l  
d e s ig n s ) ,  b o th  showed th e  su p p lem en t e f f e c t  t o  be  
s i g n i f i c a n t  a t  th e  0 .0 3  l e v e l .  A v era g in g  th e  y i e l d s  
o f  p e r io d s  2  and 3 f o r  com parison  w ith  p e r io d s  1 and 4 ,  
red u ced  th e  v a r i a b i l i t y  and in c r e a s e d  th e  l e v e l  o f  
s i g n i f i c a n c e  to  0 .0 1 .  T hese a n a ly s e s  were r e p e a te d  
i n  su ch  a way th a t  th e  r e s u l t s  f o r  th e  tv/o cows 
in v o lv e d  i n  th e  rep la cem en t and f o r  th e  cow o f  Group 
B w ith  w h ich  a t  d i f f e r e n t  t im e s  th e y  had ea ch  b een  
p a ir e d , w ere e x c lu d e d . A ga in  th e  supp lem en t e f f e c t  
was s i g n i f i c a n t .  A n a ly s is  o f  th e  fo u r  p e r io d s  by a 
m ethod f o r  a d ou b le  r e v e r s a l  d e s ig n ,  b u t w ith  
a d ju s te d  p o ly n o m ia ls , gave a s i g n i f i c a n c e  l e v e l  o f  
0 .0 3 ,  a lm o st 0 .0 1 .  I t  i s  o f  i n t e r e s t  to  n o te  t h a t
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TABLE 17

Exp. 3: Mean d a i l y  m ilk  y i e l d s  p er  cow f o r  each  group in  each.
p e r io d  c o r r e c t e d  f o r  d e c l in e  w ith  ad van cin g  l a c t a t i o n

(T e x t  p . 81)

P e r io d  1 P e r io d  2 P e r io d  3 P e r io d  4

C o r r e c te d  m ilk  y i e l d s
Supplem ent group  
( lb . / c o w /d a y ) 3 0 . 1 3 3 .0 2 6 .8 3 0 . 8
C o n tr o l group 2 7 .6 3 0 . 0 2 3 .8 2 8 .8

D if f e r e n c e  i n  fa v o u r  
o f  su p p lem en ts {%) 2 .3 2 .7 1 .0 2 .0

= - -  +4^ = +72%

TAELS 18

Exp. 3: Mean l e v e l s  o f  f e e d in g  ( s t a r c h  e q u iv a le n t  in ta k e  p e r
cow /day a s  a  p e r c e n ta g e  o f  req u ire m en ts)

(T e x t  p . 82)

P e r io d  1 P e r io d  2 P e r io d  3 P e r io d  4 Mean

W ith su p p lem en t 122 129 99 129 120
W ith ou t su pp lem en t 87 108 88 100 96



th e  r e v e r s a l  m ethod w ith  a d ju s te d  p o ly n o m ia ls  d id  n o t  
g iv e  a s h ig h  a l e v e l  o f  s i g n i f i c a n c e  a s  d id  a n a ly s i s  
o f  v a r ia n c e  w ith  e x t r a c t io n  o f  th e  s i n g l e  d egree  o f  
freed om  f o r  th e  su pp lem en t e f f e c t .  T h is  was b e c a u se  
a n a ly s i s  o f  v a r ia n c e ,  u n lik e  r e v e r s a l  m eth ods, 
e l im in a t e s  s e v e r a l  non-random  s o u r c e s  o f  v a r ia t io n  
from  th e  r e s id u a l  v a r ia n c e  and m u st, t h e r e f o r e ,  be  
reg a rd ed  a s  th e  more p r e c i s e  m ethod o f  a n a ly s i s .
T h is  may n o t  be  tr u e  when n o n - s ig n i f i c a n t  e f f e c t s  a r e  
p o o le d  w ith  th e  r e s id u a l  v a r ia n c e .

V a r ia t io n s  in  th e  e f f e c t  o f  th e  su p p lem en t on m ilk  
y i e l d s

V a r ia t io n s  in  th e  ap p arent e f f e c t  o f  th e  
supp lem en t on m ilk  y i e l d  were to  be e x p e c te d  s in c e  
(a )  when th e  su p p lem en t f e e d in g  s t a r t e d  i n  ea ch  p e r io d  
th e  two groups o f  cows were n o t y i e l d i n g  th e  same 
amounts o f  m ilk , (b )  th e  q u a l i t y  and th e  amount o f  
h erb age consumed changed b etw een  p e r io d s  and ( c )  th e  
r e s p o n s iv e n e s s  o f  th e  two groups p r o b a b ly  d i f f e r e d .
The e f f e c t  o f  th e  supplem ent on m ilk  y i e l d s  was so  
s l i g h t  th a t  th e  e x a c t  c a u se s  o f  th e  v a r ia t io n s  in  
r e sp o n se  were d i f f i c u l t  to  d i s t i n g u i s h  from  random  
v a r ia t io n .  A g r e a te r  d i f f e r e n c e  i n  y i e l d s  b etw een  
th e  groups was to  have b een  e x p e c te d  i n  th e  f i r s t  two 
p e r io d s  than  in  th e  secon d  tw o, s in c e  i t  was i n  th e  
f i r s t  two p e r io d s  t h a t  th e  g r e a t e s t  d i f f e r e n c e s  i n  
s t a r c h  e q u iv a le n t  in ta k e  o c cu rr ed . The tr e n d s  shown 
in  P ig .  14  s u g g e s t  th a t  t h i s  r e s u l t  m ig h t have b een  
fou n d  b u t f o r  th e  d i f f e r e n t  p e r s i s t e n c i e s  o f  th e  
groups b etw een  p e r io d s  2 and 3*

The mean d a i ly  m ilk  y i e l d s  p e r  cow f o r  ea ch  
group in  ea ch  p e r io d  w ere r e la t e d  t o  th e  c o r r e sp o n d in g  
v a lu e s  f o r  th e  am ounts o f  dry m a tter  consumed  
( r  =  0 . 7 6 3  s i g .  l e v e l  O .0 3 ) .  When th e  mean y i e l d s  o f  
ea ch  group in  ea ch  p e r io d  were c o r r e c t e d  f o r  d e c l in e  
on th e  b a s i s  o f  th e  r e g r e s s io n  e s t im a t e s  r e f e r r e d  t o  
above (A ppendix T ab le  4 0 ) i t  was fou n d  t h a t  th e  
c o r r e c te d  y i e l d s  ( T a b le  17) were v e r y  c l o s e l y  r e la t e d  
to  th e  s ta r c h  e q u iv a le n t  in t a k e s .  ( r  = O .92I  s i g .
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l e v e l  almost 0 .001).

The m agnitude o f  th e  in c r e a s e  i n  m ilk  y i e l d s

A lth o u g h  a c c o r d in g  to  Woodman's s ta n d a r d s  
th e  s ta r c h  e q u iv a le n t  o f  th e  su p p lem en t was a d eq u a te  
f o r  th e  p r o d u c t io n  o f  abou t 20 l b .  m ilk  p er  coMi/day, 
th e  a v era g e  in c r e a s e  in  m ilk  y i e l d  due to  th e  
su p p lem en t was o n ly  2 .4  l b .  p er  cow /d ay . T h is  c o u ld  
have b een  due t o  th e  f a c t  t h a t  th e  e x tr a  n u t r ie n t s  
c o n ta in e d  i n  th e  supplem ent r a i s e d  th e  l e v e l  o f  
f e e d in g  t o  a p o in t  a t  w h ich  th e  cows were in c a p a b le  o f  
g iv in g  a p r o p o r t io n a te  in c r e a s e  in  m ilk  y i e l d s .  To 
exam ine t h i s  p o s s i b i l i t y  th e  cow s' r eq u ire m en ts  f o r  
s t a r c h  e q u iv a le n t  were e s t im a te d  u s in g  Woodman's 
s ta n d a r d s , and e x p r e s s e d  a s  p e r c e n ta g e s  o f  t h e i r  
r e q u ir e m e n ts . F or th e  e s t im a t io n  o f  r eq u ire m en ts  i t  
was n o t p o s s i b l e  t o  d e t e c t  th e  tr u e  r a te  o f  g a in  in  
body w e ig h t w ith in  p e r io d s  o f  a w eek , so  th e  r a t e s  o f  
g a in  found  f o r  ea ch  group o v er  th e  w hole s e a so n  w ere  
u se d  (A ppend ix  T ab le  4 2 ) .  A lth o u g h  no a llo w a n c e  was 
made fo r  th e  en erg y  c o s t  o f  g r a z in g  a c t i v i t y ,  and 
a l t h o u ^  i t  has b een  shown th a t  th e  s ta r c h  e q u iv a le n t  
r eq u ire m en ts  f o r  m ilk  p r o d u c t io n  may e x c e e d  th e  l e v e l s  
s u g g e s te d  by  Woodman, th e  r e s u l t s  (w h ich  are shown in  
T a b le  18) s u g g e s te d  th a t  th e  s t a r c h  e q u iv a le n t  in t a k e s  
o f  th e  n o n -su p p lem en ted  cows i n  p e r io d s  1 and 3 w ere  
in a d eq u a te  f o r  th e  cows' r e q u ir e m e n ts  a s  c a lc u la t e d  
h e r e .

H ow ever, th e s e  c a l c u l a t io n s  p r o b a b ly  u n d er­
e s t im a te  th e  tr u e  l e v e l  o f  f e e d in g  b e c a u se  th e  amounts 
o f  h erbage n u t r ie n t s  consumed b y  th e  n o n -su p p lem en ted  
cows were g e n e r a l ly  s u f f i c i e n t  e i t h e r  t o  a r r e s t  o f  to  
r e v e r s e  th e  d e c l in e  i n  m ilk  y i e l d s .  I t  i s  p o s s i b l e  
th e r e fo r e  t h a t  th e  supp lem en t r a is e d  th e  l e v e l  o f  
f e e d in g  above th e  p o in t  a t  w h ich  th e  cows w ere ca p a b le  
o f  g iv in g  a p r o p o r t io n a te  in c r e a s e  i n  m i l k .y i e l d s .

Y/ater in ta k e s

The e s t im a t io n s  o f  th e  amount o f  w a te r  drunk  
( t h a t  i s  from  w ater  tan k s a s d i s t i n c t  from  herb age

8 2 .



TABLE 19

Exp. 3: Amounts o f  w a ter  drunk by ea ch  cow
i n  each  p e r io d  ( l b .  d a i ly )

(T e x t  p . 83)

1 Group Cow 1 2 3 4 Mean

A 1 ,9 8 3 .0 3 4 . 9 3 4 . 3 3 2 . 2 3 1 . 1
2 8 0 .7 2 9 . 6 5 6 . 6 7 7 .0 6 1 .0

3 7 5 .9 1 7 . 6 3 2 . 6 4 6 . 5 4 3 . 2
k 7 8 .1 2 0 . 9 3 9 . 9 5 7 . 7 4 9 . 2

Mean 7 9 .4 2 3 . 7 4 0 . 8 5 8 .4 5 1 . 1

B 5 7 5 .6 4 2 . 0 6 1 . 7 5 0 . 3 5 7 . 5
6 7 4 .9 4 9 . 6 6 9 . 6 5 7 . 0 6 2 .8
7 5 0 .4 3 1 . 3 6 8 .9 4 7 . 8 4 9 . 6
8 3 6 . 6 4 3 . 9 5 2 . 1 4 6 .0 4 9 . 7

Mean 6 4 . 4 4 1 . 7 6 3 . 1 5 0 . 3 5 4 . 9

Mean 7 1 . 9 3 3 . 7 3 2 . 0 5 4 . 3 3 3 . 0  ± 0 . 3

A n a ly s is  o f  V ar ian ce

S ou rce d f MS VR

B etw een  cows 7 1 8 1 .3
Groups 1 1 1 4 .0
Cows w it h in  groups 6 1 9 2 .3

W ith in  cows 24 3 6 2 . 6
P e r io d s 3 1 , 9 5 0 .9 3 9 . 67^
P e r io d  x  group 3 6 3 4 .8 1 3 . 32^ ^
(Su pp lem en t e f f e c t ) 1 1 , 8 7 3 .8 3 8 .1 L “ “
E rror 18 4 9 . 2

T o ta l 31 C o e f f i c i e n t
v a r ia t io n

o f
=



w ater) was s u b je c t  t o  v e r y  l i t t l e  t e c h n i c a l  e r r o r  
heyoncL th e  l i m i t s  o f  a c cu r a c y  em ployed i n  g a u g in g  ta n k  
c o n te n t s ,  ad ju stm en t h a v in g  b een  made when n e c e s s a r y  
fo r  r a i n f a l l  b u t  n o t f o r  e v a p o r a tio n  s in c e  t h i s  was 
found to  be n e g l i g i b l e .

The a v e ra g e  amounts o f  w ater  drunk d a i ly

T ab le  19 shows th e  mean w ater in t a k e s  p er  p er iod  
fo r  each  cow w ith  th e  a n a ly s i s  o f  v a r ia n c e .

The average  amount o f  w ater drunk d a i l y  p er  cow 
was 53 l b . . There w ere some s u b s t a n t ia l  d i f f e r e n c e s  
betw een  p e r io d s  b u t th e  p e r io d  e f f e c t  v/as foun d  to  be 
n o n - s ig n i f i c a n t  b eca u se  o f  a  h ig h ly  s i g n i f i c a n t  p e r io d  
X group in t e r a c t io n .  T h is  su g g e s te d  an e f f e c t  o f  
su p p lem en ts , w hich was fo u n d  to  be s i g n i f i c a n t  a t  th e
0 .0 0 1  l e v e l .  S in c e  th e  supp lem ent c a u se d  o n ly  a 
s l i g h t  in c r e a s e  i n  m ilk  y i e l d ,  th e  in c r e a s e d  w ater  
in ta k e  must be a t t r ib u t e d  to  a need  f o r  w ater  to  so a k  
th e  supp lem en t in  th e  rumen r a th e r  th a n  to  th e  n eed  t o  
r e p la c e  th e  s l i g h t  in c r e a s e  i n  th e  l o s s  o f  w ater  from  
th e  body in  th e  form  o f  m ilk .

A n a ly se s  w ith in  in d iv id u a l  p e r io d s  (A ppendix  
T ab le  4 3 ) shov/ed t h a t  th e  mean sq u are  f o r  'days* was . 
s i g n i f i c a n t  i n  a l l  p e r io d s ,  and th e  'b e tw ee n  cow s' 
mean sq uare was s i g n i f i c a n t  i n  p e r io d s  2 and 4  b u t th e  
d i f f e r e n c e  b etv /een  cow groups was s i g n i f i c a n t  o n ly  i n  
p e r io d  3« (T h is  was th e  o n ly  p e r io d  i n  vÆiich th e  
d i f f e r e n c e  b etw een  grou p s in  dry  m a tte r  in ta k e  was 
s i g n i f i c a n t ) .

There v/ere h ig h  c o e f f i c i e n t s  o f  v a r ia t io n  i n  
th e s e  a n a ly s e s  ( 2 4 ,  3 1 , 3 4 , 23fo f o r  p e r io d s  1 ,  2 , 3 
and 4 ) due to  a p p a r e n t ly  random v a r ia t io n s  in  w ater  
in ta k e  w h ich , a s  w i l l  be  shown, w ere d i r e c t l y  r e l a t e d  
to  v a r ia t io n s  i n  dry m a tter  and herb age w ater  in t a k e ,  
b u t p o s s ib ly  a ls o  r e l a t e d  to  v a r ia t io n s  i n  d r in k in g  
t im e s  r e l a t i v e  to  th e  tim e a t  w hich w a ter  in ta k e s  f o r  
th e  day v/ere m easured .

The r e l a t i o n  betv /een  w ater  in ta k e  and dry m a tter  
in ta k e

The amounts o f  w a te r  drunk b y  n on -su p p lem en ted

Ü3'



TABLE 20

Exp. 5: Mean d ry  m a tte r  c o n te n t s  o f  th e  t o t a l  
i n t a k e , w ith  a n a ly s i s  o f  v a r ia n c e  o f
v a lu e s  g iv e n
B l i s s  (S n ed ec

th e  tr a n s fo r m a tio n  o f
o r , 146)

(T ex t p . 84)

Group Cow 1 2 3 4 Mean

A 1 ,9 1 2 .4 1 3 . 3 1 0 . 7 1 6 . 2 1 3 .2
2 1 4 .2 1 1 .6 1 0 . 5 1 5 . 8 1 3 . 0

3 1 4 . 3 1 1 . 9 1 4 . 3 1 5 . 4 1 4 .0
4 1 3 . 7 1 0 . 5 9 . 4 1 0 .6 1 1 .1

Mean 1 3 . 7 1 1 .8 1 1 .2 1 4 .5 1 2 .8

B 5 1 2 .6 1 3 . 9 1 2 .8 1 2 . 3 1 2 . 9
6 1 0 . 7 1 4 . 0 1 0 .1 1 4 .0 1 2 .2
7 1 2 . 5 1 5 .3 1 1 . 3 1 0 .5 1 2 . 4
8 1 3 . 2 1 3 . 7 1 2 . 4 1 3 . 7 1 3 .3

Mean 1 2 . 5 1 4 . 2 1 1 . 7 1 2 .6 1 2 . 7

Mean 1 3 . 1 1 3 . 0 1 1 . 4 1 3 . 6 1 2 . 8  ± 0 . 3

A n a ly s is  o f  V a r ia n ce

S ou rce d f MS P

B etw een cows 7 0 .2 0 0 . 0 7
Groups 1 0 .0 8 -
Cows w ith in  grou p s 6 Q. 23 -

Y /ith in  cows 24 3 . 0 4
P e r io d s 3 4 . 9 7 —
(3  v e r s u s  1 ,2  and 4 ) 1 1 3 . 8 0 5 . 92*
P e r io d  x  group 3 5 . 3 7 2 . 3 1
(su p p lem en t e f f e c t ) 1 1 3 . 2 6 5 . 69=
E rror 18 2 . 3 3

T o ta l 31
C o e f f i c i e n t

v a r ia t io n
o f

= 1%



TABLE 21

E xp. 5r Summary o f  b e h a v io u r  o b s e r v a t io n s  f o r  e a c h  
1 8 -h r . p e r io d  (a v e r a g e s  p e r  group)

(T e x t  p . 84)

G ra z in g  tim e  ( h r . )
1

p e r
2

io d
3 4

Mean

W ith su p p lem en t  
W ithout su p p lem en t

5*8
7 .2

6 .6  

6 .9
5 .5
6 .2

5 .9
7 .0

5 .9
6 .8

D i f f e r e n c e —1 .4 - 0 . 3 - 0 . 7 —1 .1 - 0 .9

R u m in ation  tim e  ( h r . )
6 .0
6 .4

5 .0
5 .2

4 .1
4 .6

5*4
6 .0

5 .1
5 .6

W ith su p p lem en t  
W ith ou t su p p lem en t

D if f e r e n c e - 0 . 4 - 0 .2 - 0 .5 - 0 . 6 - 0 .5

Number o f  d ef a e c a t io n s
6 .5
4 .5

5 .6

5 .3
4 .5
7 .0

5 .6  
5 .0

5 .6
5 .5

W ith su p p lem en t  
W ith ou t su p p lem en t

D if f e r e n c e + 2 .0 + 0 .3 - 2 . 5 + 0 .6 + 0 .1

Number o f  m ic t u r i t io n s

3 .3
4 .5

6 .5
5 .6

4 .0
3 .8

3 .5
3 .5

4 .3
4 . 4

W ith  su p p lem en t  
W ithout su p p lem en t

D if f e r e n c e - 1 . 2 + 0 .9 + 0 .2 0 .0 - 0 .1

Number o f  d r in k s
6 .0
4 .8

5 .3
4 .5

4 .0
3 .0

3 .8

3 .5
4 .9
4 .0

W ith su p p lem en t  
W ith o u t su pp lem en t

D i f f e r e n c e + 1 .2 + 0 .8 + 1 .0 + 0 .3 + 0 .9

N .B . B ecau se  th e  cows were u n a b le  t o  g raze  or to  
d r in k  when o u t s id e  th e  e x p e r im e n ta l  p l o t s  th e  
g r a z in g  t im e s  and d r in k in g  f r e q u e n c ie s  g iv e n  h e r e  
a re  d a i l y  t o t a l s .  The r u m in a tio n  t im e , and th e  
f r e q u e n c ie s  o f  d e f a e c a t io n  and m i c t u r i t io n  a re  
th o s e  o b ser v ed  o n ly  d u r in g  th e  18 h r . o f  th e  day  
d u r in g  w h ich  th e  cows were a t  p a s t u r e .



cows were fou n d  to  v a ry  w ith  th e  amount o f  h erb age  dry  
m a tte r  and h erb age  w ater  consumed in  su ch  a way t h a t  
th e  r a t i o  o f  dry  m a tter  t o  t o t a l  w a ter  consum ed was 
r e l a t i v e l y  c o n s t a n t .

The r a t i o  was c o n v e n ie n t ly  e x p r e s s e d  a s d ry  
m a tte r  p e r c e n t  o f  th e  t o t a l  d i e t  (T a b le  2 0 ) ,  th e  mean 
v a lu e  o f  w hich was 1 2 .8 ^  ( e q u iv a le n t  to  a r a t i o  o f  1 
t o  6 . 9 ) .  A lth o u g h  su pp lem en ted  cows in c r e a s e d  t h e i r  
con su m p tion  o f  tan k  w a te r , th e  in c r e a s e  was e v id e n t ly  
n o t  enough to  m a in ta in  th e  same d ry  m a tte r  c o n te n t  o f  
th e  d i e t ,  w h ich  in c r e a s e d  from  a mean o f  1 1 .? ^  to  
1 3 *6^ when th e  su pp lem en t was f e d  b u t  w h ich  rem ained  
f a i r l y  c o n s ta n t  a t  t h a t  l e v e l .  A n a ly s is  o f  v a r ia n c e  
o f  th e  mean v a lu e s  p e r  cow (T a b le  2 0 ) showed th a t  th e  
d i f f e r e n c e  was s i g n i f i c a n t  a lm o st a t  th e  0 .0 1  l e v e l .  
T here w ere no s i g n i f i c a n t  d i f f e r e n c e s  b etw een  cows in  
th e  d ry  m a tter  c o n te n t  o f  th e  t o t a l  d i e t .

I n  p e r io d  3 th e  mean d ry  m a tte r  c o n te n t  o f  th e  
t o t a l  d i e t  was o n ly  1 1 .3 ^ , and th e  d i f f e r e n c e  b e tw een  
p e r io d  3 and th e  o th e r  p e r io d s  was s i g n i f i c a n t  a t  th e
0 .0 1  l e v e l .  The lo w  v a lu e  f o r  p e r io d  3 ,  how ever, was 
p r o b a b ly  in  e r r o r . Y /ith in  t h i s  p e r io d  th e r e  was no 
s i g n i f i c a n t  c o r r e la t io n  betv /een  th e  mean in ta k e s  o f  
d ry  m a tte r  and o f  w a ter  (A ppend ix  T a b le  4 4 ) .  B ut in  
t h i s  p e r io d  th e  c o r r e la t io n s  b e tw een  th e  in ta k e s  o f  
h erb a g e  dry m a tter  and o f  f r e s h  h erb age  were a l s o  v e r y  
lo w , b e c a u se  o f  in t e r m it t e n t  heavy  sh ow ers d u r in g  
p e r io d  3  w hich ca u sed  th e  dry  m a tte r  c o n te n t  o f  th e  
h erb a g e  a t  t im es  to  be much lo w er  when th e  herb age was 
sam pled  th an  when i t  was consum ed. T h is  in c r e a s e d  th$  
a p p a ren t in ta k e  o f  h erb age w ater  ( d e s p i t e  a  known 
in c r e a s e  i n  th e  q u a n t ity  o f  w ater  drunk) and a s  a 
r e s u l t  th e  mean dry  m a tte r  c o n te n t  o f  t h e  d i e t  was 
u n d e r e s t im a te d .

B eh av iou r

The r e s u l t s  o f  th e  b e h a v io u r  o b s e r v a t io n s  a re  

sum m arized in  T ab le  2 1 . T hese r e s u l t s  are  ta k e n  from  
one day in  each  p e r io d  d u rin g  w h ich  th e  cows were 
p r e s e n t  in  th e  p l o t s  f o r  18 h r . o f  th e  d ay . The
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r e s u l t s  f o r  g r a z in g  tim e and th e  fr e q u e n c y  o f  d r in k in g  
r e p r e s e n t  th e  t o t a l s  f o r  th e  day s in c e  th e  cows were  
u n a b le  to  g ra ze  or to  d r in k  when o u t o f  th e  p l o t s ,  b u t  
r u m in a tio n , d e fa e c a t io n  and m ic t u r i t io n  p ro b a b ly  
o ccu rred  when th e  cows were n o t  a t  p a s tu r e .  F or t h i s  
r e a s o n , and b e ca u se  one cow was rem oved f o r  v e te r in a r y  
a t t e n t io n  d u r in g  p a r t  o f  th e  day o f  o b s e r v a t io n  in  
p e r io d  3 ,  th e  r e s u l t s  ( e x c e p t  f o r  g r a z in g  t im e ) were  
n o t g iv e n  d e t a i l e d  s t a t i s t i c a l  s tu d y .

G ra z in g  tim e

The tim e d e v o te d  d a i l y  to  g r a z in g  was u n u s u a lly  
lo w , a v e r a g in g  6 .8  h r . when no su pp lem en t was f e d .
O nly i n  p e r io d  1 d id  th e  g r a z in g  tim e ( 7 . 2  h r . ) 
approach t h a t  o f  c a t t l e  p r e v io u s ly  o b se r v e d  a t  th e  
Hannah I n s t i t u t e  ( 1 5 7 ) .  The lo w e s t  g r a z in g  tim es  
were o b se r v e d  i n  p e r io d  3 when th e  d a i l y  dry m a tter  
in ta k e  was a ls o  lo w e s t .  T h is  s u g g e s t s  t h a t  i n  poor  
g r a z in g  c o n d it io n s  th e r e  may n o t a lw a y s b e  an in c r e a s e  
i n  g r a z in g  tim e  to  m a in ta in  rumen f i l l  ( 6 7 ) .  I n  f a c t  
when s e l e c t i o n  i n  g r a z in g  i s  r e s t r i c t e d  i n  poor  
g r a z in g  c o n d it io n s  th e r e  may be a d e c r e a s e  i n  g r a z in g  
tim e and i n  h erbage in t a k e .

I n d iv id u a l  a n im a ls  ten d ed  t o  b eh ave s i m i la r l y  
i n  each  s u c c e s s iv e  p e r io d . F or exam ple cow 4 ,  w h ich  
was th e  lo w e s t  y i e l d i n g  cow, showed v e r y  low  g r a z in g  
t im e s  i n  ea ch  p e r io d  w ith  or w ith o u t th e  su p p lem en t. 
D e s p it e  t h i s ,  a n a ly s is  o f  v a r ia n c e  o f  p e r io d s  1 , 2 and 
4  ( i n  w h ich  th e  d a ta  were co m p lete ) showed t h a t  th e  
su p p lem en t ca u sed  a h ig h ly  s i g n i f i c a n t  r e d u c t io n  i n  
th e  g r a z in g  t im e . Over th e  w hole e x p er im en t t h i s  
r e d u c t io n  averaged  0 .8  h r . .

R u m in ation  tim e

The tim e  d e v o ted  to  ru m in ation  w h ile  th e  cows 
w ere in  th e  p l o t s  a v era g ed  5*5 h r . w ith o u t  th e  
su p p lem en t, and 5#1 h r . w ith  th e  su p p lem en t, th e  
d i f f e r e n c e  b e in g  0 .4  h r . . The r u m in a tio n  tim e i n  
g e n e r a l  was low er  th a n  i n  p r e v io u s  o b s e r v a t io n s  (1 5 7 )  
w h ich  s u g g e s t s  th a t  th e r e  may have b een  some
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ru m in a tio n  when th e  cows were ou t o f  th e  p l o t s  f o r  
m ilk in g . A r e l a t i v e l y  lo w  ru m in a tio n  tim e  i n  p e r io d  
3 c o rresp o n d ed  w ith  th e  lo w  h erbage in t a k e s  e s t im a te d  
in  th a t  p e r io d .

I d l in g  tim e

The term  ' id l in g *  i s  u sed  h ere  t o  e x p r e s s  e i t h e i  
s ta n d in g  o r  l y in g  when n o t  r u m in a tin g  o r  g r a z in g . I t  
c o n s i s t e d  m a in ly  o f  l y in g  w ith o u t r u m in a tio n . Y /ith ou t  
th e  su p p lem en t th e  cows i d l e d  f o r  5*5 h r . ,  and w ith  the  
supp lem ent th e y  id le d  f o r  1 .2  h r . m ore. T h is  was due 
s im p ly  t o  th e  r e d u c t io n  i n  th e  g r a z in g  and ru m in a tio n  
t im e s  a t t r ib u t a b le  t o  th e  su p p lem en t. F or t h i s  
r e a so n  th e  r e s u l t s  a re  n o t  in c lu d e d  i n  T ab le  21 .

D r in k in g

The cows drank w ater  4 -5  t im e s  i n  th e  24 h r . 
p e r io d . T h is  fr e q u e n c y  i s  o f  th e  o rd er  g e n e r a l ly  
o b ser v ed  i n  tem p erate  c l im a te s  ( 6 8 ) .  Supp lem ented  
cows showed a s l i g h t l y  g r e a te r  fr e q u e n c y  o f  d r in k in g  
(5 * 4  t im e s  on average  f o r  24 h r . )  th an  u n su pp lem en ted  
cows ( 4 .6  t im e s ) ,  w h ich  co rresp o n d s w ith  th e  in c r e a s e d  
w ater  in ta k e  o f  su p p lem en ted  cows p r e v io u s ly  d is c u s s e d  
T h is  e x tr a  d r in k  d id  n o t  g e n e r a l ly  im m ed ia te ly  f o l lo v /  
e i t h e r  o f  th e  supplem ent f e e d s .  B etw een  2 /3  and 3 / 4  
o f  th e  t o t a l  number o f  d r in k s  f o r  th e  2 4 -h r . p e r io d  
w ere ta k en  i n  th e  e v e n in g  g r a z in g  s e s s i o n .  The cows 
f r e q u e n t ly  drank a s  soon  a s  th e y  e n te r e d  th e  p l o t s  
a f t e r  th e  e v e n in g  m ilk in g . They d id  n o t  g e n e r a l ly  do 
so  on e n te r in g  th e  p l o t s  a f t e r  th e  m orning m ilk in g .  
( A f t e r  a s p e l l  o f  g r a z in g  th e y  f r e q u e n t ly  d ip p ed  t h e i r  
m u zzles i n t o  th e  w ater  w ith o u t sw a llo w in g . T h is  i s  
n o t  in c lu d e d  in  th e  t o t a l s  o r  means o f  d r in k in g  
f r e q u e n c y ) .

D e fa e c a t io n  and u r in a t io n

T here was no c o n s i s t e n t  d i f f e r e n c e  b etw een  cows 
a t t r ib u t a b le  to  th e  su pp lem en t in  th e  f r e q u e n c ie s  o f  
d e f a e c a t io n  or u r in a t io n  w h ile  th e  cows w ere a t  
p a s tu r e .  The av era g e  number o f  d e f a e c a t io n s  p e r  cow



i n  ea ch  o b s e r v a t io n -p e r io d  was 5*6  (r a n g in g  from  5 . 2  
t o  6 . 1 ) w h ich  i s  a  much low er  v a lu e  th a n  th e  u s u a l  
f r e q u e n c ie s  o b ser v ed  in  th e  f i e l d .  T h is  a g a in  i s  
p r o b a b ly  due to  th e  f a c t  th a t  th e  cows were n o t  
o b serv ed  d u r in g  th e  r e l a t i v e l y  lo n g  p e r io d s  when th e y  
were o u t o f  th e  p l o t s  f o r  m ilk in g . ( i n  o th e r  
o b s e r v a t io n s  under th e s e  c o n d it io n s  when th e  c a t t l e  
sp e n t  l e s s  tim e o u t o f  th e  p l o t s ,  th e  fr e q u e n c y  was 
about 1 0 ) .  M ic t u r i t io n s  a v era g ed  The g r e a t e s t
fre q u en cy  o f  d e f a e c a t io n  and u r in a t io n  (fro m  2 / 3  to  
3/ 1̂  o f  th e  t o t a l )  was b etw een  th e  p .m . and a .m . 
m ilk in g s ,  and t h i s  i s  n o t  m ere ly  a r e f l e c t i o n  o f  th e  
lo n g e r  d u r a t io n  o f  th e  p e r io d  s in c e  th e  g r e a t e s t  
fr e q u e n c y  was d u r in g  th e  e v e n in g  g r a z in g  s e s s io n  and  
th e  m id d le  o f  th e  n ig h t  ( t h a t  i s  from  6 p .m . to  about 
2 a .m . ) .

P-lay.
When th e  cows l e f t  th e  p l o t s  in  good w ea th er  

th e r e  was g e n e r a l ly  some p la y  w h ich  i n  some cows was 
v e r y  v ig o r o u s . I t  in v o lv e d  t r o t t i n g ,  t o s s in g  o f  any  
d is c a r d e d  h erb age  w h ich  happened t o  be n e a r ,  
g a m b o llin g  and b u ck in g  ( o c c a s i o n a l l y  th e r e  was a l s o  
v ig o r o u s  h o r n in g ) . I t  i s  c o n s id e r e d  th a t  t h i s  
conform s w ith  th e  c o n c lu s io n s  o f  B row nlee (2 6 )  i n  th a t  
th e  p la y  was th e  r e s u l t  o f  an e m o t io n a l r e a c t io n  t o  
r e l e a s e  from  r e s t r i c t i o n  r a th e r  th a n  t o  any abnorm al 
p h y s ic a l  n eed  to  d is p o s e  o f  s u r p lu s  e n e r g y , s in c e  i t  
was o b serv ed  o n ly  i n  d r y , b r ig h t  w e a th e r .

D is c u s s io n

The g e n e r a l im p l ic a t io n  o f  th e  r e s u l t s  w i l l  be  
d is c u s s e d  l a t e r ,  and o n ly  t h e i r  v a l i d i t y  and p r e c i s i o n  
w i l l  be d is c u s s e d  h e r e  to  sum marize th e  d a ta  and 
a r r iv e  a t  th e  c o n c lu s io n s .

The s t a t i s t i c a l  p r e c i s io n  was n o t  as h ig h  a s  
had b een  e x p e c te d  from  th e  r e p l i c a t i o n  and from  th e  
r e l a t i v e l y  ev en  grow th  o f  th e  sw a rd s, a t  l e a s t  i n  th e  
f i r s t  two p e r io d s .  I n  p e r io d s  1 and 2 , th e  
c o e f f i c i e n t s  o f  v a r ia t io n  f o r  th e  h erb age  dry m a tter

8 7 .



in ta k e  e s t im a t e s  were a l ik e  a t  J0fo and th e  average  
sta n d a rd  e r r o r  p er  in ta k e  e s t im a te  c a lc u la t e d  from  a 
number o f  random ly s e l e c t e d  means o f  h erb age  sam p les  
was 2h% a s  com pared, f o r  exam ple, w ith  1 ^  in  
E xperim ent 1 . There was no g r e a t  change in  th e  
v a r i a b i l i t y  o f  th e  sam p le means i n  p e r io d s  3 and h 
a lth o u g h  th e  c o e f f i c i e n t s  o f  v a r ia t io n  r o s e  to  and

On day 1 i n  p e r io d  4 ,  fo r  exam p le , th e  average  
o f  s e v e r a l  p l o t  y i e l d  e r r o r s  was o n ly  3% 9  and o f  th e  
g ra zed  r e s id u e  8^ , a lth o u g h  o n ly  s i x  r e s id u e  sam p les  
p e r  p l o t  were c u t .  I n  p e r io d  4  a l s o ,  th e  su pp lem en ted  
group f a i l e d  to  show a  s i g n i f i c a n t  r e g r e s s io n  o f  
in ta k e s  on dry  m a tter  y i e l d s  p er  a c r e . T hese  
in c r e a s e s  in  th e  v a r i a b i l i t y  o f  th e  d a ta  i n  p e r io d s  3 
and 4  may have a r i s e n  from  th e  sm a ll d i f f e r e n c e s  i n  
h erb age  y i e l d s  p er  a c re  e f f e c t e d  b y  g r a z in g  in  th e s e  
p e r io d s  and p e c u l i a r i t i e s  in  th e  p a l a t a b i l i t y  o f  th e  
sw a rd s.

E x cep t in  p e r io d  4  th e  h ig h  s i g n i f i c a n c e  o f  th e  
r e g r e s s io n  o f  dry m a tte r  in ta k e  on d ry  m a tte r  y i e l d s  
p er  a c re  in d ic a t e s  t h a t  much o f  th e  v a r i a b i l i t y  o f  th e  
d a ta  was due n o t  to  sa m p lin g  e r r o r s  b u t t o  b e tw e en -  
p l o t  v a r ia t io n s  in  h erb age  y i e l d s  p er  a c r e .  A 
r e d u c t io n  i n  th e  e r r o r  v a r ia t io n  c o u ld  have b een  
a c h ie v e d  by  c o r r e c t io n  o f  in ta k e  e s t im a t e s  t o  what 
th e y  w ould have b een  a t  a  un iform  h erb age  y i e l d ,  and 
b y  a b s t r a c t in g  th e  v a r ia n c e  due to  s t r i p s  or  p ad d ock s. 
C o r r e c t io n  o f  in ta k e  e s t im a t e s  t o  a u n ifo rm  y i e l d  was 
n o t  o f  g r e a t  p r a c t i c a l  v a lu e  w ith in  p e r io d s  b e c a u se  
th e  d i f f e r e n c e s  b etw een  groups i n  h erb age  y i e l d s  p e r  
a cre  were v e r y  s m a ll .  C o r r e c t io n  o f  th e  in ta k e  
e s t im a t e s  o f  th e  w hole ex p erim en t to  a u n iform  y i e l d  
m igh t have g iv e n  more u s e f u l  in fo r m a tio n , b u t t h i s  was 
n o t p o s s ib l e  b e c a u se  o f  th e  d i f f e r e n c e s  b etw een  
p e r io d s  i n  th e  c o e f f i c i e n t s  f o r  th e  r e g r e s s io n  o f  
in ta k e s  on herbage y i e l d s  and th e  d i f f e r e n t  m agn itu d es  
o f  t h e i r  e r r o r s .  S im p le  a b s t r a c t io n  o f  th e  v a r ia n c e  
due t o  s t r i p s  was p r e v e n te d  by th e  d i f f e r e n t  number o f  
cow -days g a in e d  in  e a ch  s t r i p .
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The b ig  d i f f e r e n c e  b etw een  grou p s in  herbage  
d ry  m a tte r  in ta k e  i n  p e r io d  h was n o t  s i g n i f i c a n t ,  b u t  
th e  v a r i a b i l i t y  was n o t  n e c e s s a r i l y  due t o  p lo t  
sa m p lin g  e r r o r s .  The d i f f e r e n c e  was p ro b a b ly  a r e a l  
one and i t s  n o n - s ig n i f ic a n c e  was a t t r ib u t a b le  to  th e  
i d i o s y n c r a s i e s  o f  in d iv id u a l  cow s. The d i f f e r e n c e  
b e tw een  th e  groups was due a p p a r e n tly  t o  e x tr e m e ly  low  
v a lu e s  f o r  o n ly  two cows i n  th e  su p p lem en ted  group one 
o f  w hich  was o f  in h e r e n t ly  low  a p p e t i t e .  In ta k e s  in  
th e  o th e r  group w ere , on a v e ra g e , t y p i c a l  f o r  c l o s e -  
fo ld e d  cow s. I n  p e r io d  3 th e  d i f f e r e n c e  b etw een  
grou p s was more c o n s i s t e n t  (an d  t h e r e f o r e  s i g n i f i c a n t )  
and i t  may be in f e r r e d  t h a t  th e  c o n d i t io n s  w hich  
c a u sed  a d e p r e s s io n  i n  p e r io d  3 w ould p r o b a b ly  c a u se  a 
s im i la r  d e p r e s s io n  i n  th e  in ta k e  o f  a l a r g e  p o p u la t io n  
o f  cow s. T h is  means th a t  when cows a r e  d e n ie d  th e  
o p p o r tu n ity  o f  s e l e c t i n g  p a la t a b le  l e a f y  h erb a g e , and 
are  fo r c e d  to  g ra ze  th e  sward c l o s e l y ,  t h e i r  herbage  
in t a k e s  w i l l  d e c l in e ,  and th a t  th e  cows f e d  
su p p lem en ta ry  f e e d  may make l e s s  e f f o r t  t o  overcom e  
th e  d i f f i c u l t i e s  i n  g r a z in g  im posed upon them.

Summary and C o n c lu s io n s

1 . The in d iv id u a l  d a i l y  herbage dry  m a tte r  in ta k e s  o f  
e ig h t  m ilk in g  cow s, i n  two b a la n c e d  groups o f  four^  
w ere d eterm in ed  d u r in g  fo u r  p e r io d s  each  o f  1 week 
One or  o th e r  group in  each  p e r io d  was fe d  8 l b .  o f  
d a ir y  cu b es d a i l y .  The amounts o f  w ater  drunk  
from  tan k s were e s t im a te d  d a i l y ,  and th e  b e h a v io u r  
o f  th e  cows w h ile  a t  p a s tu r e  was o b se r v e d  d u r in g  
one p e r io d  o f  18 h r . i n  ea ch  e x p e r im e n ta l p e r io d .

2 . The r e s u l t s  showed an apparent in c r e a s e  i n  m ilk  
y i e l d  o f  2 .4  l b .  d a i l y  a t t r ib u t a b le  t o  th e  
su p p lem en t, above a c o n tr o l  y i e l d  o f  27*4 l b .  
d a i l y .

3 . The d a i l y  in ta k e  o f  herbage dry m a tte r  averaged  
23*3 l b .  when no supplem ent was f e d .  T h is  was 
e q u iv a le n t  to  2 .1 ^  o f  th e  cow s’ l iv e w e ig h t s .
The t o t a l  d ry  m a tte r  in ta k e  o f  su p p lem en ted  cows
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a v era g ed  2 .5 ^  o f  th e  l iv e w e ig h t  and v a r ie d  from
1 .8  to  2 .

90.

4* I n  p e r io d s  1 and 2  th e  su pp lem en t made no
d i f f e r e n c e  to  th e  h erb age in t a k e .  I n  p e r io d  3 a 
s i g n i f i c a n t  d e p r e s s io n  i n  herbage in ta k e  due to  
th e  su pp lem en t was fo u n d , and i n  p e r io d  4  th e r e  
was a s u b s t a n t ia l  d e p r e s s io n  o f  th e  mean herbage  
in ta k e  o f  th e  su p p lem en ted  group , w h ich  was non­
s i g n i f i c a n t  due t o  d i f f e r e n c e s  i n  th e  b e h a v io u r  o f  
in d iv id u a l  cow s.

5* W ith in  e a c h  p e r io d  th e r e  was a c lo s e  r e l a t i o n
b etw een  th e  y i e l d  o f  h erb age  d ry  m a tte r  p er  a c r e
and th e  dry m a tter  in t a k e .  The v a r ia t i o n s  in  dry
m a tte r  in ta k e  b e tw een  p e r io d s  w ere r e l a t e d  to  
d i f f e r e n c e s  in  th e  q u a l i t y  o f  th e  h erb a g e  and th e  
g r a z in g  i n t e n s i t y .

6 . H erbage dry m a tter  in t a k e s  were lo w e s t  and th e
d e p r e s s io n  in  herb age in ta k e  due to  th e  supp lem ent  
was m ost c o n s i s t e n t  i n  p e r io d  3 when th e  cows were 
r e s t r i c t e d  on tou gh  h erb a g e . A p art from  p e r io d  3 
th e  h erb age in ta k e  o f  n on -su p p lem en ted  cows v/as 
t y p i c a l  o f  v a lu e s  fou n d  i n  p r e v io u s  e x p e r im e n ts .

7* The a v era g e  number o f  h ou rs d e v o te d  d a i l y  to
g r a z in g  and to  r u m in a tio n  were a l s o  l e a s t  in
p e r io d  3*

8 . The su pp lem en t ca u sed  an average  r e d u c t io n  o f
0 .8  h r . in  th e  tim e d e v o te d  d a i l y  t o  g r a z in g  by  
e a ch  cow.

9 .  The amount o f  w ater  drunk d a i l y  a v era g ed  53 l b .  per  
cow ta k e n  in  an a v era g e  o f  o n ly  4*4  d r in k s . There  
w ere s u b s t a n t ia l  v a r ia t io n s  in  th e  amount drunk. 
T hese w ere fou n d  to  b e  r e la t e d  t o  th e  amounts o f  
d ry  m a tte r  and herb age w ater  consum ed in  su ch  a  
way t h a t  th e  r a t i o  o f  dry m a tter  t o  t o t a l  w ater  
i n g e s t e d  was .. s m a lle r  f o r  su p p lem en ted  cows th an  
f o r  n on -su p p lem en ted  cows b u t was o th e r w is e  a lm o st  
c o n s t a n t .
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EXPERIMENT 6

The D a i ly  Dry M atter  In ta k e  o f  D a ir y  Cows Fed  
Cut H erbage i n  th e  Byre

I n tr o d u c t io n

The 'am ounts o f  herbage d ry  m a tter  consumed d a i l^  
b y th e  cows in  th e  s e r i e s  o f  g r a z in g  ex p er im en ts  
r e p o r te d  h ere  were g e n e r a l ly  b e lo w  th e  l e v e l  e x p e c te d  
from  a c c e p te d  f e e d in g  s ta n d a r d s . T h is  was n o t  
a t t r ib u t a b le  to  undue r e s t r i c t i o n  o f  th e  a rea  o f  
h erb age  a v a i la b le  in  each  p l o t .  I t  was a p p r e c ia te d  
a t  th e  o u t s e t  t h a t  t h i s  p o s s i b i l i t y  w ould p r ed e term in e  
or b ia s  th e  r e s u l t s ,  and c a re  was ta k e n  to  en su re  t h a t  
th e  amount o f  h erb age dry m a tter  a v a i la b le  in  ea ch  
p lo t  ex ceed ed  th e  cow ’ s  p ro b a b le  r e q u ir e m e n ts . T h is  
was so  ev en  a f t e r  a y i e l d  o f  about 700 l b .  dry m a tte r  
p er  a c r e  r e p r e s e n t in g  ungraze a b le  b a s a l  h erb age was 
d ed u cted  from  th e  y i e l d  e s t im a t e s .

I t  was known th a t  th e  dry  m a tte r  in ta k e  o f  th e  
cows in c lu d e d  in  th e s e  ex p er im en ts  rea ch ed  and o f t e n  
e x ceed ed  th e  l e v e l  o f  Woodman’ s  s ta n d a r d s  when th e  cow^ 
were f e d  c o n se r v e d  fe e d s  in  w in te r ,  b u t i t  was n o t  
known how much t h i s  was a t t r ib u t a b le  s im p ly  to  th e  
f e e d in g  o f  c o n c e n tr a te s .

I t  was d e c id e d  to  m easure th e  d a i l y  d ry  m a tte r  
in ta k e  o f  cows f e d  c u t  h erbage when hou sed  d u r in g  th e  
summer. The o b j e c t  was to  d e term in e  th e  c a p a c it y  o f  
th e  cows f o r  th e  d ry  m a tter  o f  h erb age  w h ich  was c u t  
a t  th e  lo n g  l e a f y  s ta g e  o f  grow th , and c u t  to  about  
th e  same l e v e l  a s  t h a t  a c h ie v e d  in  f o ld - g r a z in g .  In  
th e  b yre  p a s tu r e -s a m p lin g  e r r o r s  and th e  e f f e c t s  o f  
s t o c k in g  i n t e n s i t y ,  and o f  th e  y i e l d  o f  h erb age p e r  
a cre  on th e  e a s e  o f  d e f o l i a t i o n ,  w ould be  e l im in a t e d ,  
s o  th a t  th e  dry m a tter  in ta k e  e s t im a t e s  w ould g iv e  an 
a c c u r a te  i n d ic a t io n  o f  th e  c a p a c it y  o f  th e  cows f o r  
t h i s  p a r t i c u la r  s o r t  o f  fo o d .

E x p er im en ta l

The d e te r m in a t io n s  o f  th e  d a i l y  in ta k e  o f  c u t
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I h erbage were made a s  one tr e a tm en t o f  an ex p er im en t I  
! I

Which compared th e  m ilk  y i e l d s  o f  cows under fo u r  j
sy stem s o f  f e e d in g .  T hese sy s tem s w e r e :-  I

I
1 . F e e d in g  c u t  h erbage in  th e  b y r e , |
2 . F e e d in g  herbage c u t  and l e f t  f o r  con su m ption  |

i n  th e  f i e l d ,  |
3» C lo s e - f o ld in g ,  and |
4* C lo s e - f o ld in g  w ith  su p p lem en tary  c o n c e n tr a te  I

f e e d .  i
I

O f th e  s i x  cows in c lu d e d  i n  th e  e x p er im en t, two w ere i 
k ep t c o n t in u o u s ly  on e a c h  o f  th e  fo u r  tr e a tm e n ts  and I  

th e  o th e r  e ig h t  were changed from  one tr e a tm e n t t o  I
a n o th er  a c c o r d in g  t o  a L a t in  sq u are e x p e r im e n ta l j
d e s ig n , a t  i n t e r v a l s  o f  2  w eek s. In  th e  p a r t i c u la r  I  
trea tm en t d e s c r ib e d  h e r e , t h e r e f o r e ,  in ta k e  e s t im a t io n s  
were made w ith  te n  cow s, two o f  w hich  w ere c o n t in u o u s ly  
f e d  cu t h erb age  in  th e  b yre  f o r  3 w eek s, w h i le ,  o f  j 

th e  o th e r  e i g h t ,  a  d i f f e r e n t  p a ir  was in c lu d e d  i n  each; 
f o r t n i g h t l y  p e r io d . I

B eca u se  o f  th e  h ig h  la b o u r  r eq u ire m en t, b o th  o f  j 
b y re  f e e d in g  and o f  p a s tu r e  sa m p lin g , s im u lta n e o u s  I
e s t im a t e s  o f  th e  dry m a tter  o f  g r a z in g  c a t t l e  c o u ld  |
n o t  be made w ith  th e  p r e c i s io n  o b ta in e d  in  p r e v io u s  |
g r a z in g  e x p e r im e n ts . I n s t e a d ,  a t t e n t io n  was j

c o n c e n tr a te d  on  th e  d ry  m a tte r  in ta k e  o f  th e  h ou sed  |
c a t t l e .  F o r  p r e s e n t  p u rp o se s  a com p arison  b e tw een  
th e  in ta k e s  o f  fo ld e d  c a t t l e ,  and o f  h ou sed  c a t t l e  f e d  
c u t  herbage may be made b y  com paring th e  r e s u l t s  g iv e n  
h ere  w ith  th e  av era g e  r e s u l t s  o f  th e  g r a z in g  
ex p e r im en ts  g iv e n  p r e v io u s ly ,  s in c e  b o th  are  d e r iv e d  
from  a f a i r l y  la r g e  number o f  cows and a la r g e  number 
o f  e s t im a t e s  made w ith  r y e g r a s s  o f  v a r y in g  q u a l i t i e s .

On 4  d a y s o f  ea ch  week f r e s h l y  c u t  h erb age  was 
f e d  in  th r e e  f e e d s  p er  day . The t o t a l  amount o f  
f r e s h  h erb age  f e d  was s im i la r  e a c h  day and was a lw ays  
i n  e x c e s s  o f  th e  cow s’ a p p e t i t e s .  On th e  rem a in in g  
3 days o f  th e  week d r ie d  g r a s s  was f e d ,  a g a in  i n  
e x c e s s iv e  am ounts. D r ie d  g r a s s  was f e d  so  a s  t o  
d eterm in e  th e  e f f e c t  on a p p e t i t e  o f  a  sharp  d i f f e r e n c e



TABLE 22

E xp. 6: Summary o f  d a ta  f o r  dry  m a tte r  in t a k e s
o f  f r e s h  and d r ie d  g r a s s  

(T e x t  p . 93 )

P e r io d Cow
Mean

l iv e w e ig h t
( I h . )

Mean d a i l y  
m ilk  y i e l d  

( l b . )

Mean d a i ly  
d ry  m a tter  

in ta k e  
( l b . )

Dry m a tte r  
in ta k e  a s ^  
l iv e w e ig h t

1 1 1116 32 2 5 .5 2 . 3
2 1111 30 2 1 .5 1 . 9

2 3 1053 36 2 6 . 8 2 . 5
k 980 30 2 4 . 1 2 . 5

3 5 1 144 27 2 8 .8 2 . 5
6 1043 29 2 7 . 7 2 . 7

k 7 1049 15 1 9 .9 1 . 9
8 1250 23 2 2 .1 L .8

9* 1031 28 2 3 . 6 2 . 3
10* 1044 32 2 8 .0 2 . 7

Mean
(AH v a lu e s ) 1064 2 5 . 2 2 . 4

* =: c o n tin u o u s  cows



TABLE 23

E xp. 6: A n a ly s is  o f  v a r ia n c e  o f  mean d a i l y  d ry
m a tte r  in t a k e s  f o r  th e  cows c o n t in u o u s ly  
f e d  d r ie d  and f r e s h  herb age  

(T e x t  p . 93)

S ou rce d f MS P

G r a sse s  ( d r ie d
or f r e s h ) 1 211

Cows 1 1936 6 .0 ^
P e r io d s 3 223 3 .8
G rass x  p e r io d 3 910 1 5 . 4 *
Cow X p e r io d 3 9 -

G rass x  cow 1 1 -
E rror 3 59

T o ta l 13 C o e f f i c i e n t
v a r ia t i o n

O f
= 26^



i n  th e  m o is tu r e  c o n te n t  o f  th e  f e e d .

Dry m a tte r  c o n te n ts  were d e ter m in e d  by  sa m p lin g  
th e  herbage when w eigh ed  f o r  ea ch  f e e d .  S in c e  th e  
h erb age  was m ixed  b e fo r e  w e ig h in g  and f e e d in g ,  a mean 
d r y  m a tter  c o n te n t  o f  th e  herbage f e d  to  a l l  th e  cows 
was d e term in ed  a t  e a c h  f e e d .  W eigh in g  and f e e d in g  
w ere c a r r ie d  o u t w ith  a s  s h o r t  an i n t e r v a l  b e tw een  
them  as p o s s i b l e .  The fo o d  l e f t  b y  ea ch  cow a t  ea ch  
f e e d  was c o l l e c t e d  and w eighed  i n d iv i d u a l ly  and th e  
a v e ra g e  d ry  m a tte r  c o n te n t  d e term in ed  a t  ea ch  
c o l l e c t i o n .

The a n im a ls  were w eighed  e v e r y  week th ro u g h o u t  
th e  s e a so n . T h e ir  average  w e ig h ts  i n  each  p e r io d  and 
t h e i r  average  m ilk  y i e l d s  are in c lu d e d  in  T ab le  2 2 .

R e s u lt s

The d a i l y  dry  m a tter  in ta k e s  o f  ea ch  cow are  
sum m arized in  T ab le  22 . T hese v a lu e s  are  means from  
a t o t a l  o f  10 d a y s ’ e s t im a te s  i n  ea ch  p e r io d  o f  14  
d a y s . (The o th e r  4  d a y s ’ r e s u l t s  were d is c a r d e d  so  
a s  to  a l lo w  a n a ly s i s  o f  v a r ia n c e  o f  th e  o r ig i n a l  
v a lu e s  w ith  an e q u a l number o f  e s t im a te s  f o r  f r e s h  and 
f o r  d r ie d  h e r b a g e ) .

The a v era g e  d ry  m a tter  in ta k e  was 25*2  l b .  or  
2 .4 ^  o f  th e  a v era g e  l iv e w e ig h t .  T h is  may be compared 
w ith  th e  a v era g e  d ry  m a tter  in ta k e  o f  f o ld e d  c a t t l e ,  
w h ich  ( e x c lu d in g  dry cows and th e  u n p a la ta b le  
c o c k s fo o t  g ra zed  i n  Exp. 1 ) was e q u iv a le n t  to  2 . ^  o f  
th e  l iv e w e ig h t .

There were v a r ia t io n s  from  p e r io d  to  p e r io d  
w h ich  were p a r t ly  a t t r ib u t a b le  to  th e  f a c t  t h a t  two 
cow s were changed i n  each  s u c c e s s iv e  p e r io d .
A n a ly s is  o f  v a r ia n c e  o f  th e  v a lu e s  f o r  th e  two cows 
c o n t in u o u s ly  on t h i s  tre a tm en t (T a b le  23 ) showed th a t  
th e  d i f f e r e n c e s  b e tw een  p e r io d s  w ere n o t s i g n i f i c a n t ,  
b u t th a t  th e  g r a s s  x  p e r io d  i n t e r a c t io n  rea ch ed  
s i g n i f i c a n c e  a t  th e  0 .0 5  l e v e l .  T h is  a r o se  from  h ig h  
dry  m a tter  in t a k e s  by b o th  cows when f e d  d r ie d  g r a s s  
i n  p e r io d  1 , and h ig h  dry  m a tter  in ta k e s  by b o th  cows

9 3 .



when f e d  f r e s h  h erb age i n  p e r io d  3* I t  was, n o t  
p o s s i b l e  to  a s c r ib e  th e s e  v a r ia t io n s  to  any p a r t i c u la r  
c h a r a c t e r i s t i c s  o f  th e  h erbage f e d .  No s y s te m a t ic  
v a r ia t io n s  i n  in ta k e  b etw een  p e r io d s  c o u ld  be d e te c t e d  
th a t  m igh t be  a s c r ib e d  t o ,  f o r  exam p le, s e a s o n a l  or  
l a c t a t i o n a l  in f lu e n c e s  on th e  cow’ s  a p p e t i t e .

T here was no s i g n i f i c a n t  d i f f e r e n c e  i n  th e  
amounts o f  dry m a tter  consum ed by t h e s e  two cows 
b etw een  d r ie d  g r a s s  and f r e s h  h erb a g e . There w as, 
t h e r e f o r e ,  no r e a so n  to  su pp ose th a t  th e  h ig h  m o is tu r e  
c o n te n t  o f  f r e s h  h erb age d e p r e sse d  th e  d r y  m a tter  
in t a k e .  S tudy a l s o  o f  th e  day to  day v a r ia t io n s  
showed no c o n s i s t e n t  r e l a t io n s h ip  b e tw een  dry m a tter  
c o n te n t s  o f  th e  f r e s h  herbage and d ry  m a tte r  in t a k e s .
On d ays v/hen th e  herb age was t h o r o u ^ ly  w e tte d  by  
r a i n f a l l ,  th e  p a l a t a b i l i t y  o f  th e  herbage was 
a p p a r e n t ly  red u ced , b u t d e s p i t e  o b v io u s r e lu c ta n c e  to  
consume th e  h erb age w h ile  i t  was w e t, th e  cows d id  n o t  
alw ays show any d e f i n i t e  r e d u c t io n  in  dry m a tte r  in ta k ^  
over  th e  24  h r . p e r io d .

T here w ere c o n s i s t e n t  d i f f e r e n c e s  b e tw een  cows 
in  dry m a tte r  in ta k e ,  w hich  f o r  th e  two c o n t in u o u s ly  
s t u d ie d  cows was s i g n i f i c a n t  a t  th e  0 .0 5  l e v e l .  Cow 
9 consumed an average  o f  2 3 . 6  l b .  dry m a tte r  d a i l y ,  
and cow 1 0 , 28 l b . .  T h is  d i f f e r e n c e  was n o t  r e la t e d  
t o  th e  d i f f e r e n c e  in  l iv e w e ig h t ,  w h ich  was n e g l i g i b l e .  
Cow 10 had th e  h ig h e r  i n i t i a l  m ilk  y i e l d ,  and th e  
h ig h e r  mean m ilk  y i e l d  and g a in e d  in  w e ig h t a t  th e  
r a te  o f  1 .2 5  l b .  d a i l y ,  w h ile  cow S  showed no 
in c r e a s e .  T h ese  d i f f e r e n c e s  s u g g e s t  an o b v io u s  
c o n n e c tio n  b etw een  in h e r e n t  a p p e t i t e  and p r o d u c t iv i t y .

D is c u s s io n

The mean d a i l y  in ta k e  p er  cow o f  25 l b .  dry  
m a tte r , e q u iv a le n t  to  2 .4 ^  o f  th e  mean l iv e w e ig h t ,  
was much lo w e r  th an  th e  in t a k e s  shown b y  s im i la r  cows 
when fe d  c o n se r v e d  f e e d s  and c o n c e n tr a te s  d u r in g  th e  
w in te r , and o n ly  s l i g h t l y  h ig h e r  th an  th e  g e n e r a l  
l e v e l  o f  in t a k e s  found f o r  f o ld -g r a z e d  c a t t l e  i n  th e
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p r e v io u s  e x p e r im e n ts . F or  exam p le, th e  d a i l y  dry  
m a tte r  in ta k e  o f  th e  fo u r  cows in  E xp erim ent 3 was 
e s t im a te d  t o  h e  e q u iv a le n t  to  2 .3 ^  o f  t h e i r  l iv e w e ig h t  
when f o ld e d  on p a s t u r e ,  w h ile  an e s t im a te  made on th e  
same cows when f e d  a v a r ie t y  o f  c o n se r v e d  f e e d s  
( s i l a g e ,  r o o t s ,  hay) and c o n c e n tr a te s  i n  th e  b yre  a  
few  w eeks p r e v io u s ly ,  showed th a t  th e y  were consum ing  
d ry  m a tter  e q u iv a le n t  to  2 .8 ^  o f  t h e i r  l iv e w e ig h t  
d a i l y ,  and t h a t  th e  dry  m a tter  in ta k e  f a i l e d  to  r e a c h  
t h i s  l e v e l  when no c o n c e n tr a te s  were f e d .  In  
E xperim ent 5 a l s o  i t  was foun d  t h a t  th e  d ry  m a tte r  
in ta k e  o f  f o ld - g r a z e d  cows o n ly  r ea c h e d  t h i s  l e v e l  
when a c o n c e n tr a te  supp lem ent was f e d .

T h ese  o b s e r v a t io n s  to g e th e r  w ith  th e  r e s u l t s  
r e p o r te d  h ere  s u g g e s t  th a t  th e  d a i l y  d ry  m a tter  in ta k e ^  
o f  th e  f o ld -g r a z e d  cows were lo w e r  th an  th o s e  e x p e c te d  
from  Woodman’ s  s ta n d a r d s  n o t b e c a u se  th e  amounts o f  
e d ib le  h erbage o f f e r e d  a t  p a s tu r e  w ere i n s u f f i c i e n t ,  
b u t b e ca u se  th e  cow s’ a p p e t i t e s  or  c a p a c ity  f o r  
h erb age a t  th e  lo n g  l e a f y  s ta g e  o f  grow th  were n o t  as  
h ig h  a s t h e i r  a p p e t i t e s  f o r  a more c o n c e n tr a te d  d i e t .  
(The r e a so n s  f o r  t h i s  w i l l  b e  c o n s id e r e d  in  th e  
g e n e r a l  d i s c u s s io n  in c lu d e d  i n  P a r t  3 o f  th e  t h e s i s ) .

I t  i s  p o s s i b l e  th a t  had th e  h erb age b e e n  
o f f e r e d  more f r e q u e n t ly ,  th e  l e v e l  o f  in ta k e  m igh t 
have b een  h ig h e r . However, th e  fr e q u e n c y  o f  th r e e  
f e e d s  a day was c h o se n  b e c a u se  a t  p a s tu r e  th e r e  are  
th r e e  main g r a z in g  s e s s io n s  ( 1 5 7 ) ,  and th e  herb age  
o f f e r e d  a t  each  f e e d  was n o t removed u n t i l  th e  n e x t  
f e e d ,  so  th a t  any r e s t r i c t i o n  o f  a p p e t i t e  r e la t e d  to  
th e  fre q u en cy  or  in fr e q u e n c y  o f  f e e d in g  i s  u n l ik e l y  to  
have had any s e r io u s  e f f e c t  on th e  l e v e l  o f  dry m a tte r  
in t a k e .

Summary and C o n c lu s io n s

1 .  The mean d a i l y  d ry  m a tter  in t a k e s  o f  d a ir y  cows 
were e s t im a te d  when herb age was c u t  a t  th e  lo n g  
l e a f y  s ta g e  o f  grow th to  about th e  same l e v e l  o f  
d e f o l i a t i o n  as th a t  a c h ie v e d  i n  f o ld - g r a z in g ,  and
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f e d  i n  th e  b y re  on  4  days each  w eek . S im ila r  
h erb age  was f e d  f o r  3 days each  week a f t e r  h a v in g  
b een  a r t i f i c i a l l y  d r ie d .

2 . The e s t im a t e s  were made on two cows e v e r y  day f o r  
8 w eeks and on e ig h t  o th e r  cow s, two a t  a t im e , in  
c o n s e c u t iv e  p e r io d s  o f  2 w eek s.

3 . The r e s u l t s  showed th a t  th e  l e v e l  o f  dry m a tter  
in ta k e  was s im i la r  to  th a t  foun d  f o r  fo ld e d  d a ir y  
cow s, i n  th a t  i t  f a i l e d  to  r e a c h  th e  l e v e l  e x p e c te d  
from  \7oodman’s ( l 6 3 )  f e e d in g  s ta n d a r d s . In h e r e n t  
d i f f e r e n c e s  i n  a p p e t i t e  b etw een  in d iv id u a l  cows 
were a l s o  fou n d .

4* I t  was in f e r r e d  t h a t  th e  g e n e r a l l e v e l  o f  dry
m a tte r  in ta k e  shown b y  fo ld e d  cows was lov /, m a in ly  
b e c a u se  o f  th e  f i l l i n g  p r o p e r t ie s  o f  herbage a t  th e  
lo n g  l e a f y  s ta g e  o f  grow th .
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EXPERIIÆINT 7

Some E f f e c t s  o f  F a e c e s  and U r in e  on  
P a stu r e  U t i l i z a t i o n

I n tr o d u c t io n

I n  th e  ex p er im en ts  on p a s tu r e  u t i l i z a t i o n  w hich  
have "been d e s c r ib e d , a t t e n t io n  has b e e n  l im i t e d  to  th e  
f a c t o r s  a f f e c t i n g  th e  h erb age  consu m ption  o f  g r a z in g  
d a ir y  cow s. The e f f e c t s  o f  ex crem en ts on  p a s tu r e  
u t i l i z a t i o n  m ust a l s o  b e  c o n s id e r e d . W hile  th e  
p r o p o r t io n  o f  a p a s tu r e  ren d ered  u n p a la ta b le  by  
excrem en ts app ears to  b e  s u b s t a n t i a l ,  l i t t l e  
in fo r m a tio n  i s  a v a i la b le  e i t h e r  on th e  a r ea  fo u le d  by  
d ro p p in g s d u r in g  g r a z in g , or  on th e  a r ea  th e y  ren d er  
u n p a la ta b le  i n  th e  su b seq u en t regrow th . The 
o p p o r tu n ity  was th e r e fo r e  ta k en  in  th e  c o u r se  o f  th e s e  
g r a z in g  ex p e r im en ts  o f  a s s e s s in g  some o f  th e  e f f e c t s  
o f  f a e c e s  and u r in e  on p a s tu r e  u t i l i z a t i o n .  The 
r e s u l t s  r e p o r te d  h ere  co n cern  th e  a rea  o f  p a s tu r e  
w hich  r e c e i v e s  f a e c e s  a t  each  g r a z in g , and some 
f a c t o r s  a f f e c t i n g  i t ,  th e  a r e a s  o f  p a s tu r e  whose 
grow th i s  a f f e c t e d  b y  f a e c e s  and b y  u r in e ,, and th e  
r e l a t i v e  p a l a t a b i l i t y  to  d a ir y  c a t t l e  o f  h erb age  
a f f e c t e d  b y  f a e c e s  and by u r in e .  F i n a l l y  an a tte ir p t  
was made t o  e s t im a te  th e  p ro b a b le  a r ea  o f  p a s tu r e  t h a t  
w i l l  r e c e iv e  excrem en ts under v a r io u s  s t o c k in g  
i n t e n s i t i e s .

E x p er im e n ta l

To e s t im a te  th e  a r e a  o f  p a s tu r e  c o v e r e d  by  
f a e c e s ,  e a ch  in d iv id u a l  c o w -p lo t  i n  th e  h erb a g e  in ta k e  
e x p e r im en ts  was scann ed  tw ic e  d a i l y ,  and th e  numbers 
o f  l o t s  o f  f a e c e s  w ere c o u n te d , m easured and 
c l a s s i f i e d  a s  h a v in g  b e e n  dropped on to  th e  herb age  
b e fo r e  i t  had b een  g r a z e d , d u r in g  th e  i n t e r v a l  b etw een  
th e  e v e n in g  and m orning m ilk in g , o r  dropped d u r in g  th e  
d ay . The a r e a  o f  e a ch  in d iv id u a l  l o t  o f  f a e c e s  was 
m easured . The r e s u l t s  r e p o r te d  h e r e  a re  from  
E xperim ents. 3  and i+.
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TABLE 24

Exp. 7: Summary o f  d e f a e c a t io n  b e h a v io u r  d a ta
(T e x t  p . 98 )

S xp . 3 Exp. 4

A rea  c o v er ed  b y  f a e c e s  
( s q .  f t  . /c o w /d a y ) 7 . 3 0 4* 86

A rea  o f  f a e c e s  on u n g ra zed  h erb age  a s  
% o f  th e  t o t a l  a r e a  o f  f a e c e s 3 0 % 40^

F a e c e s  a r e a  p e r  covz/day a s  % o f  p l o t  
a rea 0 . 68% 0 . 57^

A verage  number o f  l o t s  o f  f a e c e s  p e r  
cow /d ay 1 6 . 0 0 9 .0 0

A verage  a r e a  o f  in d iv id u a l  l o t s  o f  
f a e c e s  ( s q .  f t . ) 0 . 5 5 0 . 5 2

A rea  o f  f a e c e s  dropped a t  n ig h t  a s % 
o f  th e  t o t a l  a r e a  o f  f a e c e s 60^ -



TABLE 25

Exp. 7; F r e q u e n c ie s  o f  d e f a e c a t io n  and u r in a t io n  
r e p o r te d  i n  th e  l i t e r a t u r e  

(T e x t  p . 98)

S ou rce
D a i ly  number 

o f
d e f a e c a t io n s

D a i ly  number 
o f

u r in a t io n s

C la s s  o f  
c a t t l e

J o h n sto n -W a lla c e  and 
Kennedy (8 5 ) 1 1 .8 8 .5 B e e f  cows

Wardrop (1 5 8 ) 1 6 .2 1 2 .1 D a ir y  cows
Morgan (1 1 4 ) 1 0 .9 9 .6 ft

C a s t le  e t  a l .  (2 9 ) 1 1 .5 9 .8 If

H ancock ( 6 7 ,6 8 ) 1 2 .2 1 0 .1 If

G o o d a ll (5 8 ) 1 2 .0 1 1 .0
P r e s e n t  e s t im a t e  (mean) 1 1 .6 dry and 

m ilk in g  
cows

TABLE 26

Exp. 7: Summary o f  d a ta  on th e  r e l a t i v e  p a l a t a b i l i t y
o f  f a e c e s  -  and u r in e  -  a f f e c t e d  a r e a s  

(T e x t  p . 100)

P a s tu r e  1 P a s tu r e  2

Number o f  a r e a s  exam ined w h ich  were  
a f f e c t e d  by  e x c r e t a 8 4 .0 2 2 2 .0

%. P addock a r e a  a f f e c t e d  b y  e x c r e ta 3 . If» h.2fo
%] Paddock a r e a  r e j e c t e d  i n  g r a z in g  (du e  

t o  f a e c e s ) 1-hfo 2 . I f
% o f  t o t a l  a r e a  a f f e c t e d  b y  e x c r e t a  w hich  

was consumed 55‘O/c 5 0 . Of
A verage  a r ea  o f  h erb a g e  clunq)S 

a t t r ib u t a b le  to  f a e c e s  ( s q .  f t . ) 3 .8 2 .8
R a t io  o f  f a e c e s  area*** t o  a r e a  o f  h erbage  

a f f e c t e d  by  f a e c e s 6 .8 5 .1

* F a e c e s  a r ea  ta k e n  a s  0 .5 5  sq . f t .  from  P a r t  A (E xp . 3) 
r e s u l t s .



To a s s e s s  th e  e f f e c t s  o f  f a e c e s  and u r in e  on th e  
p a l a t a b i l i t y  o f  th e  h erbage two n ew ly  sown p a s tu r e s  
were ch o sen  w h ich  had r e c e iv e d  no n itr o g e n o u s  
f e r t i l i z e r ,  and w h ich  had b een  g r a z e d  o n ly  once b e fo r e  
th e  o b s e r v a t io n s  r e p o r te d  h ere  w ere made. I n  t h e s e  
c o n d it io n s  th e  e f f e c t s  o f  f a e c e s  and u r in e  on th e  
reg ro w th  o f  th e  h erbage were c l e a r l y  d i s t in g u i s h a b le .  
Each clump o f  h erb age  was i d e n t i f i e d  a s  h a v in g  
r e c e iv e d  f a e c e s  or u r in e ,  m easured , and l a b e l l e d  w ith  
number p e g s . C a t t l e  were f o ld - g r a z e d  a c r o s s  th e  
p a s tu r e  and t h e i r  g r a z in g  a c t i v i t i e s  were n o te d .
When th e  p a s tu r e  had b een  g r a z e d , ea ch  i d e n t i f i c a t i o n  
p eg  was found and th e  c o n d it io n  o f  th e  herb age around  
i t  n o te d  a c c o r d in g  to  w hether i t  had b een  g r a ze d  or  
r e j e c t e d .

R e s u lt s

The a r ea  o f  p a s tu r e  o c c u p ie d  by f a e c e s  and i t s  
v a r ia t io n s

The r e s u l t s  from  E xp erim en ts 3 and 4  are  
sum m arized i n  T ab le  24* In  E xp erim en t 3 an a v era g e  
o f  16 l o t s  o f  f a e c e s  ( a s  d i s t i n c t  from  th e  number o f  
d e f a e c a t io n s )  was dropped d a i ly  by ea ch  cow w h ile  a t  
p a s t u r e .  The in d iv id u a l  d a i ly  v a lu e s  showed g r e a t  
v a r ia t i o n ,  b u t th e  d r y  cow o f  th e  group dropped  
c o n s i s t e n t l y  few er  l o t s  o f  f a e c e s  th a n  th e  o th e r  cows 
(A p p en d ix  T ab le  4 5 ) * By grou p in g  t o g e th e r  c l o s e l y  
a d ja c e n t  l o t s  o f  f a e c e s  when th e y  w ere o b v io u s ly  th e  
r e s u l t  o f  one d e f a e c a t io n ,  th e  a v era g e  fre q u en cy  o f  
d e f a e c a t io n  i n  th e  f i e l d  p er  cow day  was e s t im a te d  to
1 1 .6 .  T h is  v a lu e  e x c e e d s  th e  fr e q u e n c y  o f  
d e f a e c a t io n  o b ser v ed  f o r  th e  cows i n  E xp erim en t 5 ,  
w h ich  was 5 * 5 , b u t  a g r e e s  r e a so n a b ly  w e l l  w ith  o th e r  
o b s e r v a t io n s  r e p o r te d  i n  th e  l i t e r a t u r e  (T a b le  25)*

The a v era g e  a r e a  o f  in d iv id u a l  l o t s  o f  f a e c e s  
in  E xp erim ent 3 ( 0 .5 5  sq . f t . )  was fou n d  by a n a ly s i s  
o f  v a r ia n c e  to  vary  s i g n i f i c a n t l y  b etw een  days and  
b etw een  each  p e r io d  o f  th e  exp erim en t (A p pend ix  T ab le  
4 6 ) .  T h is  s u g g e s t s  some c o n s i s t e n t  ch an ges i n  th e  
b e h a v io u r  or in  th e  d i g e s t i v e  p r o c e s s e s  o f  th e  c a t t l e .
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w hich  w ere p ro b a b ly  a s s o c ia t e d  w ith  v a r ia t io n s  in  th e  
q u a l i t y  o f  th e  herb age consum ed. The v a r ia t io n s  
w ould n o t  b e  r e la t e d  to  th e  b o t a n ic a l  c o m p o s it io n  or  
th e  age o f  th e  p a s tu r e s ,  nor  to  t h e i r  d ry  m a tte r  o r  
crude p r o t e in  c o n te n t s .

The a v era g e  a r e a  o f  p a s tu r e  o c c u p ie d  b y  a l l  th e  
f a e c e s  dropped p er  cow -day ( 7*3 s q . f t . )  showed se v e r a l,  
c o n s i s t e n t  v a r ia t io n s  (A ppend ix  T a b le  4 7 )  and th e s e  weife 
r e l a t e d  m a in ly  t o  th e  am ounts o f  d ry  m a tte r  consumed.
The c o e f f i c i e n t  o f  c o r r e la t io n  ( r )  b e tw een  d ry  m a tter  
in ta k e  and th e  t o t a l  a r e a  o c cu p ied  b y  f a e c e s  p er  cow - 
day was c a lc u la t e d  from  th e  means f o r  e a c h  p e r io d  to  
b e 0 .7 6 9  ( s i g .  0 .0 0 1 ) .  Hence th e  dry cow (cow  1 )  
w hich consum ed th e  l e a s t  amount o f  d ry  m a tte r  showed  
th e  l e a s t  a r e a  o f  f a e c e s .  T h is  a ls o  e x p la in s  th e  
d i f f e r e n c e  betw een  th e  r e s u l t s  o f  E x p er im en ts 3 and 4» 
The number o f  l o t s  o f  f a e c e s  and th e  t o t a l  a rea  o f  
p a s tu r e  c o v e r e d  by f a e c e s  was lo w er  i n  E xp erim en t 4  
th an  in  E xperim ent 3 ,  b e c a u se  th e  l e v e l  o f  dry m a tter  
con su m ption  was low er  i n  E xp erim ent 4-

O f th e  a rea  o f  p a s tu r e  c o v er ed  b y  f a e c e s  o n ly  39 
40^ was fou n d  on h erbage t h a t  had n o t  a lr e a d y  been  
g ra zed  b e fo r e  th e  f a e c e s  were dropped, so  t h a t  th e  
a rea  o f  h erb age  ren d ered  c o m p le te ly  u n graze  a b le  was 
o n ly  ab ou t 2  s q . f t .  p e r  cow -day . 60% o f  th e  t o t a l  
a r ea  o f  f a e c e s  was a t t r ib u t a b le  to  d e f a e c a t io n  b etw een  
th e  e v e n in g  and m orning m i lk in g s ,  and t h i s  s u g g e s t s  
th a t  when a s  i s  o f t e n  d o n e , c a t t l e  are  k e p t  i n  one  
f i e l d  b y  d a y  and a n o th er  by n ig h t ,  th e r e  may be a 
s l i g h t  t r a n s f e r  o f  f e r t i l i t y .  The r e s u l t s  o f  
E xperim ent 4  (T a b le  24) w ere d e r iv e d  from  o n ly  20 
v a lu e s  f o r  e a ch  ite m  s t u d ie d ,  and c o n s e q u e n t ly  showed 
h ig h  v a r i a b i l i t y .  The mean r e s u l t s  a re  g iv e n  in  
A p pend ix  T a b le  48  b u t th e  s t a t i s t i c a l  a n a ly s e s  are  n o t  
in c lu d e d  b e c a u se  th e  o n ly  s i g n i f i c a n t  e f f e c t  fou n d  in  
a n a ly s i s  o f  v a r ia n c e  was i n  th e  number o f  l o t s  o f  
f a e c e s  c o u n te d . T h is  was a t t r ib u t a b le  to  cow 2 whose 
f a e c e s  w ere fou n d  in  an a v era g e  o f  15 l o t s  d a i l y ,  over
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tw ic e  th e  a v era g e  o f  th e  o th e r  th r e e  cow s. I t  i s  
i n t e r e s t i n g  to  n o te  t h a t  t h i s  cow was a l s o  in c lu d e d  in  
E xp erim ent 3 a s  cow 2 , and th a t  sh e  a l s o  showed th e  
h ig h e s t  number o f  l o t s  o f  f a e c e s  o f  th e  fo u r  cows in  
th a t  ex p erim en t a lth o u g h  th e r e  was an i n t e r v a l  o f  a  
y ea r  b e tw een  th e  two e x p e r im e n ts .

B ecau se  o f  th e  r e l a t i v e l y  h ig h  p r e c i s io n  o f  th e  
e s t im a t e s  made i n  E xp erim ent 3» and b e c a u se  th e  
fr e q u e n c y  o f  d e f a e c a t io n  e s t im a te d  i n  t h a t  exp erim en t  
a g reed  w ith  f r e q u e n c ie s  r e p o r te d  i n  th e  l i t e r a t u r e ,  
th e  r e s u l t s  o f  E xp erim en t 3 r a th e r  th a n  th o s e  o f  
E xp erim ent 4  were a c c e p te d  as b e t t e r  e s t im a t e s  o f  
d e f a e c a t io n  b e h a v io u r .

The r e l a t i v e  a r e a s  o f  herbage whose grow th  was
a f f e c t e d  b y  f a e c e s  and by  u r in e
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The r e s u l t s  o f  o b s e r v a t io n s  made on two p astu re:  
are  sum m arized i n  T ab le  2 6 . I t  was o b ser v ed  t h a t  on  
th e  f i r s t  day o f  g r a z in g  th e  cows s e l e c t e d  th o s e  p a r t s  
o f  th e  p a s tu r e  whose grow th  had b een  s t im u la te d  by  
u r in e .  On th e  seco n d  day o f  g r a z in g  a l l  th e s e  had  
b een  consum ed, w ith  some o f  th e  u n a f f e c t e d  h erb a g e , 
w h ile  a l l  th e  p a r t s  o f  th e  p a s tu r e  a f f e c t e d  by  f a e c e s  
rem ain ed . When th e  cows were fo ld e d  o n to  a f r e s h  
a l l o c a t i o n  o f  p a s tu r e  th e  same seq u en ce  o f  s e l e c t i o n  
was o b ser v ed .

The a r e a  o f  herb age a f f e c t e d  by b o th  f a e c e s  and 
u r in e  was o n ly  3 -4 ^  o f  th e  t o t a l  a r ea  o f  th e  p a s t u r e s .  
T h is  v a lu e ,  o f  c o u r s e , w i l l  have depended  on th e  
s t o c k in g  i n t e n s i t y  a t  th e  p r e v io u s  g r a z in g , b u t t h i s  
w ould n o t  a f f e c t  th e  r e l a t i v e  a r e a s  o f  p a s tu r e  a f f e c t e d  
b y f a e c e s  and u r in e ,  w hich  are  th e  m ain i n t e r e s t  h e r e .  
On b o th  p a s tu r e s  ab ou t h a l f  th e  t o t a l  a r e a  a f f e c t e d  by  
excrem en ts was a t t r ib u t a b le  to  f a e c e s  and h a l f  to  
u r in e .  The r e l a t i v e  p a l a t a b i l i t y  o f  t h e s e  a r e a s  was 
p e r f e c t l y  c le a r  w ith o u t  s t a t i s t i c a l  e x a m in a tio n .
F or  exam ple on P a s tu r e  1 none o f  th e  47  a r e a s  in  w hich  
f a e c e s  had b een  dropped was g ra zed  by  th e  c a t t l e .  But 
o f  th e  37 u r i n e - a f f e c t e d  a r e a s , 34  w ere g r a ze d . The 
rem a in in g  3 a r e a s  w ere p ro b a b ly  th o s e  i n  w hich  b o th
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f a e c e s  and u r in e  had h een  dropped .

I t  was n o t  p o s s ib le  to  compare th e  a r e a  o f  
f a e c e s  w ith  th e  a rea  o f  herbage w hose grow th  was 
a f f e c t e d  b y  f a e c e s  b e c a u se  th e  f a e c e s  had a lm o st  
d is in t e g r a t e d  when th e s e  o b s e r v a t io n s  w ere made; b u t  
b y ta k in g  th e  a v era g e  a r e a  c o v er ed  by  in d iv id u a l  
f a e c a l  d ro p p in g s in  E xperim ent 3» and th e  a v e ra g e  area  
o f  th e  p a tc h e s  o f  herbage whose grow th  had b een  
a f f e c t e d  b y  f a e c e s  in  th e  p r e s e n t  o b s e r v a t io n s ,  i t  was 
e s t im a te d  th a t  each  l o t  o f  f a e c e s  a f f e c t e d  th e  grow th  
o f  an a r ea  o f  h erbage about 6 t im e s  i t s  own a r e a .  
A lth ou gh  th e  average  a rea  o f  f a e c a l  l o t s  u se d  h ere  was 
e s t im a te d  w ith  h ig h  p r e c i s io n  i n  a  v a r ie t y  o f  
c o n d it io n s ,  th e  a rea  o f  herbage a f f e c t e d  b y  f a e c e s  w il l ,  
have depended on s e v e r a l  f a c t o r s  e s p e c i a l l y  th e  
r a i n f a l l  and th e  s lo p e  o f  th e  la n d .

The p r o b a b le  a r e a  o f  p a s tu r e  a f f e c t e d  b y  e x c r e m e n ts

Prom th e  p r e c e d in g  o b s e r v a t io n s  th e  app roxim ate  
a r ea  o f  h erbage l i k e l y  to  be a f f e c t e d  b y  ex crem en ts  
may be p r e d ic te d  f o r  p a s tu r e s  o f  d i f f e r e n t  l e v e l s  o f  
p r o d u c t iv i t y .

T ak in g  from  th e  r e s u l t s  o f  E xp erim en t 3 th e  
v a lu e  o f  7*3 sg .̂ f t .  f o r  th e  a r ea  o f  f a e c e s  p e r  cow - 
d ay , and th e  average  f a c t o r  o f  6 f o r  th e  a r e a  o f  
herbage whose grow th  i s  a f f e c t e d  b y  i t ,  th e  t o t a l  area^  
c o v er ed  by  dung and th e  a r e a s  o f  h erb age  a f f e c t e d  by  
i t  were e s t im a te d  a s  a p e r c e n ta g e  o f  p a s tu r e  a r e a  f o r  
a range o f  i n t e n s i t i e s  o f  s to c k in g  m easured  a s  cow - 
days p er  a c r e .  The r e s u l t s  are  shown i n  P ig .  1 5 ( a ) .

I t  was shown above th a t  o f  th e  t o t a l  a r ea  i n  a  
p l o t  a f f e c t e d  by e x c r e m e n ts , v e ry  n e a r ly  h a l f  may be  
a t t r ib u t e d  to  u r in e ,  and h a l f  t o  f a e c e s .  Hence e a c h  
v a lu e  f o r  th e  a rea  a f f e c t e d  by  f a e c e s  i n  P ig .  1 5 (a )  
when d o u b led , g iv e s  th e  t o t a l  p e r c e n ta g e  o f  th e  a r e a  
a f f e c t e d  b y  a l l  ex crem en ts f o r  th e  g iv e n  number o f  
cow -days p er  a c r e . The graph shows t h a t  th e  a r ea  o f  
p a s tu r e  a f f e c t e d  b y  f a e c e s  a lo n e  w ou ld  n o t  r e a c h  100^  
u n t i l  a  t o t a l  o f  a b o u t 1000 cow -days p e r  a c r e  i s

101.



102.

r ea c h e d . The graph p ro b a b ly  o v e r e s t im a te s  th e  tr u e  
r a te  o f  c o v era g e  s in c e  i t  assum es t h a t  no f a e c e s  or  
u r in e  w i l l  f a l l  where l o t s  have p r e v io u s ly  f a l l e n .  
C o r r e c t io n  fo r  t h i s  w ould show a d e c r e a s in g  r a te  o f  
co v era g e  a s  co v era g e  p e r c e n ta g e s  in c r e a s e d .

J u d g in g  from  th e  e f f e c t s  o f  f a e c e s  on herbage  
grow th , i t  may be s a id  t h a t  th e  n u t r i e n t s  i n  f a e c e s  
are d i s t r ib u t e d  o ver  an a r e a  o f  p a s tu r e  s i x  t im es  as  
g r e a t  a s  th e  a rea  o f  th e  f a e c e s .  The n u t r ie n t s  o f  
u r in e  are d i s t r ib u t e d  o v er  a s im i la r  a r e a . The 
numbers o f  y e a r s  t h a t  m ust e la p se  b e fo r e  th e  e n t i r e  
p a s tu r e  h as r e c e iv e d  n u t r ie n t s  from  f a e c e s  and from, 
b o th  f a e c e s  and u r in e  w ere c a lc u la t e d  a t  a  range o f  
av era g e  ann ual herbage y i e l d s  e x p r e s s e d  a s  cow -days per  
a c r e , and th e  r e s u l t s  are shown i n  P ig .  1 5 ( b ) .  T h is  
show s, f o r  exam ple, t h a t  a 3 -y e a r  l e y  w i l l  r e q u ir e  an  
average  annual y i e l d  o r  c a r r y in g  c a p a c it y  o f  about 160  
cow -days p er  a cre  f o r  th e  w hole a r e a  t o  have r e c e iv e d  
th e  n u t r ie n t s  from  b o th  f a e c e s  and u r in e .  A t an 
av era g e  p a s tu r e  y i e l d  o f  200 days p e r  a c r e ,  about 2?  
y e a r s  m ust e la p s e  f o r  th e  whole a r e a  t o  have r e c e iv e d  
th e  n u t r ie n t s  from  f a e c e s  and u r in e .

The p e r c e n ta g e  o f  th e  t o t a l  a r e a  r e j e c t e d  a s  
u n p a la ta b le  b y  c a t t l e  b e c a u se  o f  f a e c e s  w i l l  n o t  
accu m u late in  th e  same way. The a r e a s  a f f e c t e d  by  
f a e c e s  r e g a in  t h e i r  p a l a t a b i l i t y  f a i r l y  r a p id ly .  No 
d a ta  are a v a i la b le  a t  p r e s e n t  on th e  tim e r e q u ir e d  f o r  
t h i s ,  b u t i t  i s  o b v io u s  th a t  a f t e r  c u t t i n g ,  th e  
regrow th  i s  more p a la t a b le ,  and t h a t  among many fa c to r ;  
w eath er c o n d it io n s ,  e s p e c i a l l y  r a i n f a l l ,  in f lu e n c e  th e  
tim e r e q u ir e d . I n  th e  environm ent in  w h ich  th e s e  
o b s e r v a t io n s  v/ere made, r e  growth on r e j e c t e d  a r ea s  
(when th e s e  are  trimmed o f f )  i s  p a r t l y  g r a z e d  down a t  
th e  su b seq u en t g r a z in g  and e n t i r e l y  consum ed a t  th e  
n e x t  g r a z in g , so  t h a t  no in c r e a s e  i n  th e  a r ea  o f  
u n p a la t a b i l i t y  i s  l i k e l y  to  tak e p la c e  i n  th e  l a s t  one 
or two g r a z in g s  d u r in g  th a t  y e a r . T h is  means t h a t  
r o u g h ly  h a l f  th e  t o t a l  a r ea  o f  h erbage a f f e c t e d  by  
f a e c e s  in  th e  se a so n  w i l l  have b e e n  r e j e c t e d  th rough
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u n p a l a t a b i l i t y .  Hence w h ile  P ig .  13 shows t h a t  a t  an 
a v era g e  ann ual s t o c k in g  i n t e n s i t y  o f  200 cow -days p e r  
a c re  20^ o f  th e  a r e a  o f  th e  p a s tu r e  w i l l  have b een  
a f f e c t e d  b y  f a e c e s ,  o n ly  10% w i l l  have b e e n  r e j e c t e d  
b y  th e  c a t t l e .  T h is  was co n firm ed  by  fu r th e r  e s t im a t e s  
i n  th e  f i e l d  when th e  a r ea  r e j e c t e d  was foun d  t o  be  
n e v e r  more th an  10^ o f  th e  a r ea  o f  th e  p a s tu r e .  T h is  
f ig u r e  may b e  e x c e e d e d  d u r in g  a. v e r y  dry s e a s o n .

D is c u s s io n

The d a ta  showed t h a t  th e  a r e a  o f  la n d  f o u le d  b y  
f a e c e s  was on  a v era g e  b etw een  k*9  and 7*3 s q . f t .  p e r  
cow -day d ep en d in g  m a in ly  on th e  l e v e l  o f  d ry  m a tte r  

. in t a k e .  T hese v a lu e s  w ere o n ly  0.6^; to  0*7% o f  th e  
g r o s s  p lo t  a r e a s .  I f  a l l  th e  f a e c e s  in c lu d e d  i n  
th e s e  v a lu e s  had f a l l e n  on e d ib le  herb age a t  th e  y ie ld à  
p e r  a c re  rec o rd ed  i n  t h e s e  e x p e r im e n ts , th e  amount o f  
h erb age  d ry  m a tte r  ren d ered  u n a v a i la b le  i n  e a c h  o f  th e  
p l o t s  u sed  i n  th e  e s t im a t io n  o f  h erbage in ta k e  w ould  
have b een  o n ly  3 / 3  l b . . But s in c e  o n ly  about a t h i r d  
o f  th e  t o t a l  a r e a  o f  f a e c e s  was fou n d  on u n d e f o l ia t e d  
h e r b a g e , th e  amount o f  h erb age dry m a tter  ren d ered  
u n a v a i la b le  m ust have b een  n e g l i g i b l e ,  and ev en  i f  no 
a llo w a n c e  had b een  made f o r  i t  th e r e  w ould have b een  
no d e t e c t a b le  e f f e c t  on th e  in ta k e  e s t im a t e s .

The e s t im a t e  i n  E xperim ent 3 o f  1 1 .6  
d e f a e c a t io n s  p e r  an im al p e r  day was i n  r e a so n a b ly  c lo s ç  
agreem ent w ith  o th e r  v a lu e s  q u oted  from  tÿ e  l i t e r a t u r e  
i n  T able 25 e x c e p t  t h a t  r e p o r te d  b y  Wardrop^ In  
T a b le  23 th e r e  ap p ears to  be no d i f f e r e n c e  b e tw een  
b e e f  and d a ir y  c a t t l e  in  th e  fr e q u e n c y  o f  d e f a e c a t io n ,  
b u t b e e f  c a t t l e  u n l ik e  d a ir y  c a t t l e  are  a t  p a s tu r e  
th ro u g h o u t th e  2U h ou rs o f  th e  d a y , and d a ir y  c a t t l e  
a lm o st in v a r ia b ly  d e fa e c a te  a t  some tim e i n  ea ch  o f  
t h e i r  d e p a r tu r e s  f o r  m ilk in g . I f  a llo w a n c e  i s  made 
f o r  t h i s .  T a b le  26 s u g g e s t s  a h ig h e r  fr e q u e n c y  o f  
d e f a e c a t io n  f o r  d a ir y  c a t t l e .

In  an i n v e s t i g a t i o n  in t o  th e  amount, n a tu r e  and 
ground c o v e r  o f  ’ s o l id *  d ro p p in g s on S w ed ish  p a s t u r e .



O la ffs o n  ( 1 2 3 ) fou n d  t h a t  r a r e ly  more th an  y/o o f  th e  
a rea  o f  a perm anent p a s tu r e  was on average  found  to  
have b een  c o v e r e d  by f a e c e s  a t  any one t im e .
A cco rd in g  to  t h i s  a u th o r , u n sp read  e x c r e ta  a ccu m u la te , 
u n t i l  a t  th e  end o f  two or th r e e  y e a r s  e q u i l i b r a t i o n  
i s  r e a c h e d , so  t h a t  th e  a r ea  o f  f r e s h  d ro p p in g s i s  
b a la n c e d  b y  th e  d i s in t e g r a t io n  o f  th o s e  a lr e a d y  on th e  
ground. I n  th e  p r e se n t  work, a f t e r  one g r a z in g , th e  
average  a r e a  o f  f a e c e s  e x p r e s s e d  a s  a p e r c e n ta g e  o f  
th e  p a s tu r e  a r e a  was o n ly  0 .7 ^  i n  E xp erim en t 3 ,  and

in  E xp erim ent 4 .  G iven  f i v e  g r a z in g s  p e r  se a so n  
a t  s im i la r  s t o c k in g  i n t e n s i t i e s ,  th e  t o t a l  c o v er a g e  a t  
th e  end o f  th e  y e a r  w ould have amounted t o  2 .9 - 3 * ^  
o f  th e  p a s tu r e  a r e a . O b v io u s ly  t h i s  v a lu e  depends on  
herbage y i e l d s  and th e  co n seq u en t i n t e n s i t y  and  
d u r a t io n  o f  s t o c k in g ,  b u t th e  v a lu e s  a g ree  c l o s e l y  
w ith  O la f f s o n ’ s  f ig u r e  o f  3^*

In  th e  c a lc u la t io n  o f  th e  e f f e c t s  o f  excrem en ts  
on  th e  f e r t i l i s e r  r eq u irem en ts  o f  p a s tu r e s  a s  compared 
w ith  th e  r eq u ire m en ts  o f  h erb age  produced  f o r  c u t t in g  
and rem oval (w h ic h  are  r e l a t i v e l y  s im p le  to  a s s e s s  i n  
sm a ll r e p l i c a t e d  p l o t s )  th e  in t e r p r e t a t i o n  o f  th e  d a ta  
g iv e n  h ere  i s  c o m p lic a te d  by th e  d i f f e r e n c e s  in  
c o m p o s it io n  b e tw een  f a e c e s  and u r in e  and d i f f e r e n c e s  
i n  th e  p a l a t a b i l i t y  o f  th e  h erb age  whose grow th  th e y  
a f f e c t .  U r in e  c o n ta in s  a  g r e a te r  c o n c e n tr a t io n  o f  
n itr o g e n  and p o ta s h  th an  f a e c e s ,  and i n  a more r e a d i ly  
a v a i la b le  form . U rin e h as an im m ediate e f f e c t  on th e  
grow th  o f  h erb age  and s in c e  th e  herb age i s  p a la t a b le  
much o f  th e  p la n t  n u t r ie n t s  c o n ta in e d  i n  u r in e  w i l l  be 
c ir c u la t e d  b e tw een  th e  cow and th e  p a s tu r e , and  
r e d is t r ib u t e d  a s  o f t e n  i n  th e  c o u r se  o f  one y e a r  a s  th^  
p a s tu r e  i s  g r a z e d . T h is  a s p e c t  o f  th e  e f f e c t  o f  th e  
ex crem en ts o f  d a ir y  cows on p a s tu r e  u t i l i z a t i o n  rem ainè  
to  be  s t u d ie d .

Summary and C o n c lu s io n s

1 . To d e term in e  th e  a r ea  o f  p a s tu r e s  fo u le d  b y  f a e c e s  
a t  each  g r a z in g , d a ta  on th e  s i z e ,  number and 
d i s t r i b u t io n  o f  f a e c a l  d r o p p in g s d e r iv e d  from
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E x p er im en ts 3 and 4  w ere exam ined and compared.

2 .  By com p arison  w ith  th e  l i t e r a t u r e  on fr e q u e n c y  o f
d e f a e c a t io n  o f  c a t t l e ,  th e  r e s u l t s  o f  E xp erim ent 3  
w ere ta k e n  a s  m ost r e p r e s e n t a t iv e  o f  o r d in a r y  
g r a z in g  c o n d i t io n s .  The number o f  d e f a e c a t io n s  
d a i l y  was e s t im a te d  a s  1 1 * 6 , th e  a r ea  co v ered  
7*3 s q .  f t *  w h ich , a s  a  p e r c e n ta g e  o f  th e  a r e a  o f  
g r a z in g  a llo w e d , was 0 .6 8 ^  p er  cow. The number 
o f  d i s c r e t e  l o t s  o f  f a e c e s  was 15*5 a v e r a g in g  
0*55  s q .  f t .  in  a r e a .

3" The t o t a l  a r e a  o f  p a s tu r e  fo u le d  b y  f a e c e s  b y  each
cow d a i l y  v a r ie d  w ith  th e  dry m a tte r  consum ption  o i  
th e  cow. A dry  cow show s th e  lo w e s t  number o f  
l o t s  o f  f a e c e s ,  t o t a l  a r e a  o f  c o v er a g e  and dry  
m a tte r  in ta k e *  One cow w hich was in c lu d e d  in
b o th  E xp erim en ts 3 and 4  showed s im i la r  
d e f a e c a t io n  b e h a v io u r  i n  b o th  a lth o u g h  th e r e  was ar 
i n t e r v a l  o f  a y e a r  b etw een  th e  two e x p e r im e n ts .

4 .  I t  was shown t h a t  th e  f a e c e s  dropped d u r in g  g ra z in g
have a. n e g l i g i b l e  e f f e c t  on th e  u t i l i z a t i o n  o f
p a s tu r e  herbage a t  t h a t  g r a z in g , b u t  th a t  each  
d i s c r e t e  l o t  o f  f a e c e s  a f f e c t e d  th e  grow th  o f  
p r o b a b ly  about s i x  t im e s  i t s  own a r e a  o f  herbage  
a t  th e  su b seq u en t g r a z in g .

5 .  I t  was fo u n d  th a t  th e  t o t a l  a rea  o f  h erb age  
a f f e c t e d  b y  f a e c e s  was about e q u a l t o  t h a t  a f f e c t e d  
by u r in e .

6 . U r in e - a f f e c t e d  a r e a s  w ere found to  b e  p a la t a b le  to  
th e  cow s, b u t  f a e c e s - a f f e c t e d  a r e a s  w ere r e j e c t e d .

7 . The d a ta  were u sed  to  c a lc u la t e  an approxim ate  
cu rv e  show ing th e  p r o p o r t io n  o f  a  p a s tu r e  w hich  
r e c e i v e s  f a e c e s  and u r in e  under a  ran ge o f  stock in g :  
i n t e n s i t i e s .



TABLE 27

Summary o f  s in g le - c o w  p l o t  e x p e r im e n ts  
(T e x t  p . 1 0 6 )

Exp. N o. o f  
a n im a ls

N o. o f  
days

Mean
D.M.

in ta k e *
( I t . )

S .S .
(^ )

G.V.%
In ta k e  

a s % 
l i v e ­
w e ig h t

H erbage  
y i e l d s  

p e r  a c r e  
( I b .d .m .)

1 (1 ) 2 9 2 3 .6  t  0 . 9 3 .8 17 2 .1 132-0

(2 ) 2 8 1 3 .6  ± 1 . 1 8 .3 33 2 .0 1380
2 6 12 2 0 .5  -  o .U 2 .0 13 2 .2 3224
3 k 16 2 7 .1  i  0 . 9 3 .0 23 2 . 3 2720

k k 3 2 2 .8  ± 0 . 8 3 .5 16 2 .1 2809
5 8 27 2 1 .9  ± 0 . 8 3 . 7 20 2 .1 * 2230

Mean - - - 4 . 1 21 2 .1 -

* The v a lu e  2 .1 ^  e x c lu d e s  in t a k e s  e s t im a te d  when a su p p lem en t  
was f e d .



PART 3* GENERAL DISCUSSION MD SIMAARY

A. The V a l i d i t y  and P r e c i s i o n  o f  th e  E xp er im en ts  

V a l i d i t y

The v a lu e  o f  th e  te c h n iq u e  u sed  in  t h e s e  
ex p e r im en ts  l i e s  i n  i t s  r e l a t i v e  freedom  from  "bias. 
There are  two m ain so u r c e s  o f  h ia s  i n  th e  e s t im a t io n  
o f  in ta k e  h y  p a s tu r e  sa m p lin g  m ethods. The f i r s t  
a r i s e s  from  d i f f e r e n c e s  in  th e  h e ig h t  to  w h ich  sam p les  
are  c l ip p e d  b e fo r e  and a f t e r  g r a z in g , or from  c l ip p in g  
th e  sam p les to  a l e v e l  b e lo w  w hich th e  an im al i s  a b le  
to  g r a z e . By hand c l ip p in g  a l l  sam p les to  ground  
l e v e l  th e s e  p o s s i b i l i t i e s  were v i r t u a l l y  e l im in a t e d .  
The secon d  so u r c e  o f  b ia s  i s  herbage grow th  d u r in g  th e  
g r a z in g  p e r io d , or  more s t r i c t l y ,  grow th i n  th e  
in t e r v a l  b e tw een  sam p lin g  b e fo r e  and a f t e r  g r a z in g .
I n  th e s e  e x p e r im en ts  t h i s  i n t e r v a l  was n e v e r  more th an  
A8 h r . and th e  amount o f  grow th  in  t h i s  tim e i s  n o t  
l i k e l y  to  have b ia s s e d  th e  r e s u l t s  to  any m easu rab le  
e x te n t .

F or exam p le , i f  a grow th  r a te  o f  17 ow t. dry  
m a tte r  p er  a c re  p e r  fo u r  w eeks i s  ta k en  f o r  a c t i v e l y  
grow ing and h e a v i ly  f e r t i l i z e d  sw ards (7 7 )  and a  
gen erou s v a lu e  o f  1000 s q . f t .  i s  assum ed f o r  th e  a rea  
o f  a p l o t ,  th e  grow th  in  th e  p l o t  w i l l  b e  1 .6  l b .  dry  
m a tter  d a i l y ,  o r  about 3 l b .  i n  48 h r . I t  i s  
im p rob ab le , h ow ever, t h a t  th e  in ta k e  e s t im a t e s  a re  
b ia s s e d  to  t h i s  e x te n t  b e c a u se  th e  r a te  o f  grow th  
assum ed h ere  i s  t h a t  o f  i n t a c t ,  l e a f y  h e r b a g e , whose  
grow th  r a t e  i s  p ro b a b ly  g r e a te r  th a n  th a t  o f  n ew ly  
d e f o l ia t e d  h e r b a g e . Some e v id e n c e  su p p o r t in g  t h i s  
v ie w  was r e f e r r e d  to  in  th e  g e n e r a l in t r o d u c t io n .

P r e c i s io n

T ab le  27 shows th e  a v era g e  r e s u l t s  o f  th e  f i v e  
ex p er im en ts  i n  w hich  th e  dry m a tte r  in ta k e  o f  c a t t l e  
v a r y in g  from  680 t o  1070 l b .  l i v e  w e ig h t w ere e s t im a te d .  
C o e f f i c i e n t s  o f  v a r ia t io n  o f  16  to  32^ w ere fo u n d , 
a v e r a g in g  21^ , and th e -s ta n d a r d  e r r o r s  o f  th e  means 
were g e n e r a l ly  l e s s  th an  T h is  i s  a s a t i s f a c t o r y

106.



l e v e l  o f  p r e c i s io n  f o r  r e p l i c a t e d  p l o t  ex p er im en ts  
w hich in v o lv e d  n o t  mown p lo t  y i e l d s ,  h u t  a d i f f e r e n c e  
b etw een  two y i e l d s  e s t im a te d  by sa m p lin g , b o th  o f  
w h ich  are e x tr e m e ly  u n even . The r e s u l t s  may be  
compared w ith  a sta n d a rd  e r r o r  o f  3 0 % f o r  th e  mean 
in ta k e  over  th e  w h ole  s e a s o n  from  S e a r ’ s  p a s tu r e  
sa m p lin g  m ethod, 19»k% f o r  a s im i la r  e s t im a te  made w ith  
th e  trim m ing m ethod ( 1 0 7 ) ,  or an a v e ra g e  c o e f f i c i e n t  
o f  v a r ia t io n  o f  2k%> f o r  th e  annual mean in ta k e  
e s t im a t e s  o ver  k  y e a r s  made b y  L in eh a n , Lowe and 
S te w a r t ( 1 0 3 ) .  '

The c o e f f i c i e n t s  o f  v a r ia t io n  w ere n o t  a f f e c t e d  
by th e  s i z e  o r  d e s ig n  o f  th e  e x p e r im e n ts , or  
a p p a r e n tly  by th e  mowing o f  g ra zed  r e s id u e s  b e fo r e  
sa m p lin g . The two m ost iir^ o rta n t f a c t o r s  a f f e c t i n g  
p r e c i s io n  were th e  v a r i a b i l i t y  o f  th e  p a s tu r e s  and th e  
b e h a v io u r  o f  th e  cow s. F or exam p le, a c o e f f i c i e n t  o f  
v a r ia t io n  o f  17^ was fou n d  in  one o f  th e  t r i a l s  
in c lu d e d  in  E xperim ent 1 , b u t a c o e f f i c i e n t  o f  33% was 
found  in  th e  o th e r  t r i a l ,  and th e  v a r i a b i l i t y  was 
m a in ly  a t t r ib u t a b le  to  o n ly  one h e i f e r  o f  th e  two 
in c lu d e d . A lth o u g h  in  th a t , exp erim en t th e  an im als  
w e r e  n o t a l lo c a t e d  a t  random to  th e  two s t r i p s  on  
s u c c e s s iv e  d a y s , i t  app eared  th a t  th e  v a r i a b i l i t y  was 
due t o  th e  h e i f e r ,  n o t d i r e c t l y  to  th e  h erb a g e . On 
s e v e r a l  o th e r  o c c a s io n s  th e  p r e c i s io n  o f  th e  r e s u l t s  
was red u ced  by v a r ia t io n  in  th e  cow’ s  b e h a v io u r ; f o r  
exam p le, th e  d i f f e r e n c e s  in  t h e i r  r e a c t io n  to  
su p p lem en tary  f e e d .

The v a r i a b i l i t y  o f  th e  p a s tu r e s  was 
u n p r e d ic ta b le .  The sw ards w hich  had b e e n  k ep t f r e e  
o f  s to c k  p r e c e d in g  E xperim ent 5 , and w hich  a t  th e  
f i r s t  g r a z in g  appeared  q u ite  u n ifo rm , o f t e n  showed  
sam ple v a r i a b i l i t i e s  as g r e a t  as norm al p a s tu r e s  due 
t o  d i f f e r e n c e s  in  th e  d e n s i t y  o f  th e  h e rb a g e .

Sam pling e r r o r s  p er  p lo t  have n o t  th e r e f o r e  
b een  g iv e n  d e t a i l e d  ex a m in a tio n  beyond  t h a t  n e c e s s a r y  
i n i t i a l l y  to  e s t a b l i s h  th e  number r e q u ir e d  p er  p l o t  to
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g iv e  a r e a so n a b le  d e g r ee  o f  p r e c i s io n .  I t  i s  p robab le  
t h a t  a r e d u c t io n  in  th e  number o f  sam p les p er  p l o t  
w ould n o t  show much in c r e a s e  i n  th e  e r r o r  v a r ia n c e  o f  
th e  co m p lete  e x p e r im e n t, and w ith  any g iv e n  number o f  
sam p les c l ip p e d  d a i l y  an im provem ent i n  p r e c i s io n  
w ould b e  made by  p r o p o r t io n a l  in c r e a s e s  i n  th e  number 
o f  p l o t s  and r e d u c t io n s  in  th e  number o f  sam ples  
w ith in  ea ch  p l o t .  I n  th e  p r e s e n t  s e r i e s  o f  
e x p e r im e n ts , how ever, th e  number o f  cows and th e  a r ea  
o f  p a s tu r e  a v a i la b le  w ere l im i t e d ,  and t o  g a in  
p r e c i s i o n ,  as many sam p les were c u t  p e r  p lo t  a s tim e  
a llo w e d .

The sta n d a rd  e r r o r s  o f  th e  d i f f e r e n c e s  b etw een  
sam ple means w ith in  ea ch  p l o t  c a lc u la t e d  from  th e  
v a r ia n c e  o f  th e  f r e s h  herbage sam p les do n o t in c lu d e  
a l l  th e  e r r o r s  o f  th e  e s t im a te .  There i s  a l s o  an 
e r r o r  in  su b -sa m p lin g  f o r  th e  d e te r m in a t io n  o f  t h e i r  
dry  m a tter  c o n t e n t s .  A n a ly s is  o f  v a r ia n c e  o f  th e  
r e s u l t a n t  in ta k e  v a lu e s  i n  a fo rm a l e x p e r im e n ta l  
d e s ig n  in c lu d e s  e r r o r s  o f  t h i s  s o r t  i n  th e  e r r o r  
v a r ia n c e ,  and s i m p l i f i e s  th e  e s t im a t io n  o f  e r r o r  when 
th e  sa m p lin g  p ro ced u re  i s  m o d if ie d  b y , f o r  exam p le, 
th e  mowing and w e ig h in g  o f  grazed  r e s id u e s  b e fo r e  
sa m p lin g . T h is p roced u re  in v o lv e s  a d d i t io n a l  s o u r c e s  
o f  e r r o r  in  w e ig h in g  and su b -sa m p lin g  th e  mown r e s id u e  
and i n  th e  d e te r m in a t io n  o f  i t s  d ry  m a tte r  c o n te n t .
A l l  t h e s e  e r r o r s  a re  in c lu d e d  in  th e  in ta k e  e s t im a te  
and can  be  a s s e s s e d  b y  a n a ly s i s  o f  v a r ia n c e .

T here i s  no d o u b t, how ever, t h a t  mowing and 
w e ig h in g  a v ery  v a r ia b le  grazed  r e s id u e  and hand- 
c l ip p in g  th e  e v e n ly  mown r e s id u e  to  a s s e s s  th e  
rem aind er o f  th e  r e s id u a l  y i e l d  p er  p l o t  m ust in  f a c t  
red u ce  th e  m agnitude o f  th e  e r r o r  o f  th e  in ta k e  
e s t im a t e ,  s in c e  th e  g r e a t e r  p a r t  o f  th e  r e s id u a l  f r e s h  
y i e l d  i s  th e n  known r a th e r  than e s t im a te d . I n  t h e s e  
e x p e r im en ts  no marked ad van tage  was shoiTn fo r  mowing 
b e c a u se  o n ly  th e  more o b v io u s ly  v a r ia b le  r e s id u e s  were 
mown. Had th e r e  b een  n o  mowing i n  t h e s e  c o n d it io n s  
th e  v a r i a b i l i t y  o f  th e  r e s u l t s  w ould a lm o st c e r t a i n ly

1 08 .



y=-2*6+ 00236x=^2
SHOWING 95% CONFIDENCE LIMITS

30

MEAN 
DRY 
MATTER 
INTAKE 
PER C0W-DAy20 

(LB)

25

2 0 0  4 0 0  6 0 0  8 0 0  lOOO 1200
X MEAN LIVEWEIGHT (LB)

FIG 16: REGRESSION OF DRY MATTER INTAKE ON 
LIVEWEIGHT FOR EXPERIMENTAL MEANS

TEXT PAGE 109



109.

have h e en  g r e a t e r .

B . The Amounts o f  Dry M atter  Consumed

The mean d a i l y  dry m a tter  in ta k e  p er  cow in  ea c  
ex p er im en t e x p r e ss e d  a s a p e r c e n ta g e  o f  l iv e w e ig h t  was 
a lm o st c o n s ta n t  a t  2 .1 ^ . The r e g r e s s io n  o f  d a i ly  dry  
m a tter  in ta k e s  on l iv e w e ig h t  f o r  th e  f i v e  e x p e r im e n ta l  
means i s  shown i n  P ig .  l 6 .  The c o r r e la t io n  
c o e f f i c i e n t ,  r ,  v/as O.9 8 8  ( s i g .  l e v e l  0 .0 0 1 ) .

P r e v io u s ly  a t  th e  Hannah I n s t i t u t e  th e  d a i l y  drjr 
m a tter  in ta k e  o f  c lo s e - f o l d e d  cows was e s t im a te d  t o  
a v era g e  2 .3 ^  o f  th e  l iv e w e ig h t  ( I 3 6 ) .  The d i f f e r e n c e  
b etw een  th e s e  two e s t im a t e s  i s  due to  th e  in c lu s io n  in  
th e  p r e s e n t  mean o f  th e  in ta k e s  o f  dry cows and o f  th e  
e s t im a t e s  made in  p e r io d  3 o f  E xp erim ent 5> when th e  
cows w ere r e s t r i c t e d  on u n p a la ta b le  h erb a g e .
E x c lu d in g  th e s e  e s t im a te s  th e  d a i l y  d ry  m a tter  in ta k e s  
av era g ed  2 . 3^ o f  th e  l iv e w e ig h t ,  a s  f o r  th e  p r e v io u s  
e s t im a te  w ith  th e  c l o s e - f o l d e d  h e r d , b u t th e  
r e la t io n s h ip  b e tw een  in ta k e  and l iv e w e ig h t  was l e s s  
c o n s i s t e n t .

The g e n e r a l l e v e l  o f  in ta k e  o f  fo ld -g r a z e d  cows 
i s  th e r e f o r e  lo w er  th a n  t h a t  e x p e c te d  from  Woodman’ s  
s ta n d a r d s  ( I 63) ,  w h ich  s u g g e s t  in ta k e s  e q u iv a le n t  to  
2 .8 ^  o f  th e  l iv e v /e ig h t  d a i ly .  T hese sta n d a rd s  
how ever a p p ly  t o  h ou sed  c a t t l e  w h ich  a re  f e d  m ixed  
d i e t s  u s u a l ly  in c lu d in g  some c o n c e n tr a te  f e e d s .  A 
lo w er  l e v e l  o f  in ta k e  may be e x p e c te d  o f  cows fe d  a 
s i n g le  roughage f e e d ,  and i t  i s  p ro b a b ly  to  a l lo w  f o r  
t h i s  th a t  o th e r  f e e d in g  sta n d a rd s compared w ith  
Woodman’ s  are s l i g h t l y  lo w er  (1 1 5 )  or a l lo w  more 
l a t i t u d e  ( 5» 9 k ) • V a r ia t io n s  in  in ta k e  r e l a t i v e  t o  
l iv e w e ig h t  a re  to  b e  e x p e c te d  b e c a u se  o f  v a r ia t io n  i n  
th e  p a l a t a b i l i t y  o f  f e e d s  ( 5 0 ) and p o s s ib ly  th e  volum e 
o f  i n d i g e s t i b l e  dry  m a tte r  (1 4 1 ) or o r g a n ic  m a tter  
(1 0 1 )  th e y  c o n ta in .  In  g e n e r a l d ry  m a tter  in ta k e  
in crea se^ g V jith  in c r e a s in g  n e t  en erg y  c o n c e n tr a t io n  i n  
th e  teeal. T h is  i s  p ro b a b ly  tr u e  f o r  g ra zed  herbage



as well as for conserved feeds. It has been observed 
that cattle select the more digestible and succulent 
material when grazing pastures containing various 
qualities (72) or species (4, 127) of herbage and that 
on highly digestible pasture their dry matter intake 
increases (57). The greater ease of defoliation of 
such material (14, 154) and its low requirement for 
rumination (67) may contribute to the increase in 
intake. Its high water content will not limit the 
cows’ capacity for dry matter. High water contents 
do not in general restrict dry matter intake (50) but 
have been shown to do so only in silage ( 4 4 ). Less 
fibrous feeds, including leafy herbage, are more 
easily comminuted so that they are passed more quickly 
through the rumen (11). A high water content in 
these feeds will therefore act as ’fill’' in the rumen 
only for a limited time. This may explain why no 
consistent effect of dry matter content on dry matter 
intake was found in the present experiments.

I t  was to  d eterm in e  th e  c a p a c ity  o f  d a ir y  cows 
f o r  herbage a t  th e  lo n g  l e a f y  s ta g e  o f  grow th , w ith o u t  
th e  c o m p lic a t io n s  o f  g r a z in g  c o n d it io n s  th a t  h erbage  
was c u t  and f e d  to  housed  c a t t l e  i n  E xp erim ent 6. 
W hether s im i la r  c a t t l e  a t  p a s tu r e  w i l l  consume more or  
l e s s  h erb age  th a n  th e  an ou n ts consumed by  th e  hou sed  
c a t t l e  i n  E xp erim ent 6 w i l l  depend m a in ly  on th e  s ta g e  
o f  m a tu r ity  o f  th e  h erbage and on th e  amount o f  
s e l e c t i o n  p e r m it te d . C a t t l e  a llo w e d  e x e r c i s e  may be 
e x p e c te d  to  consume more fo o d  th an  th o s e  th a t  are  n o t  
(8 6 , 116) b u t  a t  p a s tu r e  th e  e f f e c t s  o f  e x e r c i s e  on  
a p p e t i t e  may b e  c o u n te r a c te d  b y  fa t ic ju e  r e s u l t i n g  from  
th e  e x tr a  work in v o lv e d  i n  g r a z in g . The g r a z in g  
c o n d it io n s  i n  w hich th e  q u a l i t y  o f  th e  h erb age  w i l l  
m ost n e a r ly  resem b le  th a t  f e d  to  th e  hou sed  c a t t l e  in  
E xperim ent 6 w i l l  be foun d  i n  th e  f o ld - g r a z in g  sy stem  
when th e  h erb age  i s  a t a s im i la r  s ta g e  o f  grow th . In  
f a c t  th e  in t a k e s  o f  fo ld e d  c a t t l e  and o f  h ou sed  c a t t l e  
i n  t h e s e  e x p e r im en ts  were fou n d  t o  b e  v e ry  s im i la r .

I t  was found i n  t h e s e  ex p er im en ts  t h a t  th e  r a te
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o f  in ta k e  in c r e a s e d  b o th  when th e r e  was an in c r e a s e  in  
th e  y i e l d  o f  h erbage p er  a cre  a t  a g iv e n  s to c k in g  
i n t e n s i t y  p er  a c r e ,  and when th e r e  was a r e d u c t io n  in  
th e  s t o c k in g  i n t e n s i t y  a t  a g iv e n  y i e l d  o f  h e rb a g e .
I n  b o th  th e s e  c ir c u m sta n c e s  th e  in c r e a s e  in  in ta k e  may 
b e  e x p la in e d  b y  th e  g r e a te r  e a se  o f  d e f o l i a t i o n  and 
th e  g r e a te r  s e l e c t i o n  p e r m itte d . The v a r ia t io n s  i n  
y i e l d  w ere due t o  v a r ia t io n s  in  s o i l  f e r t i l i t y  r a th e r  
th a n  t o  v a r ia t io n s  in  th e  m a tu r ity  o f  th e  h erb a g e .

The r e la t io n s h ip s  b etw een  y i e l d s  and in ta k e  
were l i n e a r ,  b u t v /ith  d a ta  ta k en  from  a w id er  ran ge  o f  
s t a g e s  o f  m a tu r ity  i t  i s  p rob ab le  th a t  a s ig m o id a l or  
c u r v i l in e a r  r e la t io n s h ip  w ould have b e e n  fo u n d . A t 
th e  h ig h e s t  y i e l d s  o f  h erb a g e , in ta k e  w ould  c e a s e  to  
in c r e a s e  b e c a u se  o f  s a t i a t i o n ,  and u l t im a t e ly  d e c l in e  
b e c a u se  o f  th e  in c r e a s in g  f ib r e  c o n te n t  o f  th e  
h erb age  ( 1 5 6 ) .  A t th e  lo w e s t  y i e l d s  th e  cu rv e  w ould  
f l a t t e n  i f  th e  cows r e s i s t e d  th e  e f f e c t s  o f  d e c l in in g  
y i e l d s  b e c a u se  o f  h u n ger. The r e s u l t s  o f  E xperim ent 
5 ,  h ow ever, su g g e s te d  th a t  when th e  b a s a l  herbage was 
to u g h  and u n p a la ta b le , th e  cows made l e s s  e f f o r t  t o  
overcom e th e  d i f f i c u l t i e s  o f  g r a z in g . B oth  in t a k e s  
and g r a z in g  t im e s  w ere red u ced . T h is  d o es  n o t  
c o n f l i c t  w ith  H ancock’ s o b s e r v a t io n s  ( 6 7 ) th a t  g r a z in g  
tim e  in c r e a s e s  i n  p oor  g r a z in g  c o n d i t io n s .  I n  t h a t  
ex p erim en t th e  c a t t l e  had th e  o p p o r tu n ity  f o r  
s e l e c t i o n ,  w h ile  in  E xp erim en t 5 , on ce  th e  e d ib le  l e a f  
was rem oved, th e  an im a ls were p r o b a b ly  p h y s i c a l ly  
u n a b le  t o  e a t  th e  b a s a l  h erb age .

The dry m a tter  in ta k e s  o f  r o t a t i o n a l l y  g ra zed  
c a t t l e  have b een  e s t im a te d  to  b e  h ig h e r  th an  th o s e  
o f  f o ld e d  c a t t l e  and more in  agreem ent w ith  Woodman’ s  
s ta n d a r d s . T h is  may be e x p la in e d  on th e  b a s i s  o f  
th e  p r e s e n t  r e s u l t s .  In  r o t a t i o n a l  g r a z in g  th e  
s t o c k in g  r a t e s  p er  a c r e  a re  lo w er  th a n  in  th e  
f o l d i n g  sy stem , and th e  cows are  a llo v /e d  a c c e s s  t o  
th e  w h ole  p a s tu r e  f o r  s e v e r a l  d ays u n t i l  d e f o l i a t i o n  
i s  a lm o st c o m p le te . On th e  f i r s t  few  d ays o f  
g r a z in g  th e  cows are  th e r e fo r e  a b le  t o  s e l e c t  
th e  more p a la ta b le  l e a f y  h erb a g e , b u t  a s
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d e f o l i a t i o n  c o n t in u e s  b o th  th e  q u a l i t y  and th e  amount 
o f  herb age consumed w i l l  d e c l in e  and i f  a sharp  
d e p r e s s io n  in  m ilk  y i e l d s  i s  to  be a v o id e d  th e  cows 
m ust b e  removed to  f r e s h  p a s tu r e  b e fo r e  th e  d e g r ee  o f  
d e f o l i a t i o n  a c h ie v e d  in  th e  f o ld in g  sy stem  i s  rea ch ed  
Hence th e  cows w i l l  have e a te n  o n ly  th e  more l e a f y  
m a t e r ia l ,  f o r  w h ich  th e y  had a g r e a te r  a p p e t i t e .
T h e ir  a v era g e  dry m a tte r  in ta k e  w i l l  th e r e fo r e  have  
b een  h ig h e r  th a n  t h a t  o f  fo ld e d  cows and th e  e f f i c i e n c y  
o f  h erb age  d ry  m a tte r  u t i l i z a t i o n  w i l l  have b een  lo w er , 
The e f f i c i e n c y  o f  n u t r ie n t  u t i l i z a t i o n  w i l l  a l s o  have  
b een  lo w e r  b e c a u se  th e  r e d u c t io n  in  th e  herbage in ta k e  
o f  c a t t l e  when f o ld - g r a z e d  d oes n o t  a p p a r e n t ly  red u ce  
t h e i r  p r o d u c t iv i t y .

Differences between cows in appetite
I n  E xp erim en ts 3 and 4  c o n s i s t e n t  d i f f e r e n c e s  

b etw een  cows i n  a p p e t i t e  were fou n d  w h ich  were 
a p p a r e n t ly  a t t r ib u t a b le  t o  th e  s ta g e  o f  l a c t a t i o n  o f  
th e  cow s. I n  E xp erim en ts 2  and 5 s im i la r  tr e n d s  were  
s e e n  b u t th e  d i f f e r e n c e s  were l e s s  c o n s i s t e n t .  There  
i s ,  o f  c o u r se , no r e a so n  why d i f f e r e n c e s  i n  a p p e t i t e  
sh o u ld  n o t b e  fou n d  in d ep en d en t o f  b o th  th e  s ta g e  o f  
l a c t a t i o n  and th e  l iv e w e ig h t .  In  E xp erim en t 5 cow 4  
showed l i t t l e  i n t e r e s t  in  e i t h e r  t h e  h erb age  or th e  
su p p lem en tary  f e e d  and h e r  in ta k e  o f  h erb age d ry  
m a tter  was low . W ith t h i s  cow lo w  m ilk  y i e l d s  w ere  
p ro b a b ly  th e  r e s u l t  o f  a low  a p p e t i t e .  I n  E xp erim ent  
3 cow 1 showed b o th  a lo w  a p p e t i t e  and lo w  m ilk  y i e l d ,  
b u t t h i s  cow was a t  no tim e h ig h ly  p r o d u c t iv e  and th e  
a s s o c i a t i o n  b etw een  low  a p p e t i t e  and lo w  y i e l d  may 
have b een  c h a r a c t e r i s t i c  o f  th e  cow. The r e s u l t s  o f  
E xp erim en t 4 ,  how ever, s t r o n g ly  s u g g e s t  a r e l a t i o n  
b etv /een  s ta g e  o f  l a c t a t i o n  and a p p e t i t e .  I n  th e  
p r a c t i c a l  f e e d in g  o f  d a ir y  cows th e  d ry  m a tter  in ta k e  
in c r e a s e s , a t  th e  h ig h e r  m ilk  y i e l d s ,  b u t  t h i s  d oes n o t  
p rove  a l a c t a t i o n a l  e f f e c t  on a p p e t i t e  s in c e  th e  
in c r e a s e  in  in ta k e  c o u ld  b e  due to  th e  in c r e a s e  in  th e  
am ounts o f  c o n c e n tr a te s  u s u a l ly  f e d  a t  h ig h  y i e l d s .  
D ata  p r e s e n te d  by  G raves, Dawson, K opland , Watt and
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Van Horn ( 60) have b een  q u oted  (1 7 ,  33) and w id e ly  
a c c e p te d  a s  sh ow in g  th a t  th e  a p p e t i t e s  o f  cows r e a c h  a 
maximum in  th e  f i f t h  month o f  l a c t a t i o n .  B ut i n  th a t  
r e p o r t  th e  16  in d iv id u a l  cows s tu d ie d  showed m axim al 
a p p e t i t e s  i n  d i f f e r e n t  m onths o f  l a c t a t i o n  from  th e  
e a r l i e s t  to  th e  l a t e s t ,  so  t h a t  th e  r e s u l t  m ust be  
a s c r ib e d  to  ch a n ce . T h is  was con firm ed  in  a l a t e r  
b u l l e t i n  from  th e  same so u rc e  ( 4 3 ) .

J a r l  ( 8 3 ) ,  S jo lle m a  (1 4 2 )  and Svoboda (1 5 0 )  have 
a ls o  s u g g e s te d  th a t  s u b s t a n t ia l  d i f f e r e n c e s  i n  
a p p e t i t e  e x i s t  a c c o r d in g  to  th e  s ta g e  o f  l a c t a t i o n .  
A cco rd in g  t o  J a r l  d ry  m a tter  in ta k e  may be e x p e c te d  to  
v a ry  from  th e  e q u iv a le n t  o f  2 .2 ^  o f  th e  l iv e w e ig h t  
d a i l y  in  d ry  cows to  3*2?  ̂ f o r  cows y i e l d i n g  55 l b .  o f  
m ilk  d a i l y .  A t y i e l d s  o f  2 0 -3 0  l b .  d a i l y  in t a k e s  
e q u iv a le n t  to  2 .6  to  2 .8 ^  o f  th e  l iv e w e ig h t  w ere  
s u g g e s te d . T h is  a g r e e s  w ith  th e  amounts o f  dry  
m a tter  e s t im a te d  b y  W aite e t  a l .  (1 5 6 )  to  have b een  
consumed i n  r o t a t io n  g r a z in g  b y  cows a t  t h i s  l e v e l  o f  
y i e l d ,  and e x c e e d s  th e  am ounts consumed b y  b u l lo c k s  in  
r o t a t io n  g r a z in g  ( I 0 3 ) .  I n  E xp erim en ts 3 and 4  th e  
d i f f e r e n c e s  b e tw een  cows were o f  th e  o r d e r  s u g g e s te d  
by J a r l  f o r  th e  d i f f e r e n c e s  in  y i e l d ,  b u t  a t  a lo w er  
g e n e r a l l e v e l  b e c a u se  o f  th e  g r a z in g  sy s te m .

I t  d o es  n o t n e c e s s a r i l y  f o l lo w  t h a t  th e r e  i s  a 
d i r e c t  c o n n e c t io n  b etw een  th e  amount o f  m ilk  s e c r e t e d  
and a p p e t i t e .  N orm ally  lov /er  m ilk  y i e l d s  c o in c id e  
w ith  th e  l a t e r  m onths o f  p regn an cy  and a t  t h i s  tim e  
th e  c a p a c ity  o f  th e  cow may b e  red u ced  b y  th e  volum e  
o c c u p ie d  b y  th e  f o e t u s .  The g e n e r a l m eta b o lism  o f  
th e  body d i f f e r s  b etw een  d ry  cows and m ilk in g  cow s, 
and t h i s  may be e x p e c te d  to  a f f e c t  th e  a p p e t i t e .

The e f f e c t  o f  su p p lem en tary  f e e d  on herb age In ta k e  and 
on m ilk  y i e l d s

The c o n c e n tr a te  f e d  a s  a supp lem ent to  p a s tu r e  
i n  E xperim ent 5 gave o n ly  a s l i g h t  in c r e a s e  in  m ilk  
y i e l d s ,  and t h i s  was q u it e  un econ om ic. S im ila r  
r e s u l t s  have b een  found on d i f f e r e n t  q u a l i t i e s  o f  
p a s tu r e  in  A m erica (8 1 ,  148) and in  th e  so u th  o f
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E n glan d  ( 1 2 5 ) .

The p r e s e n t  r e s u l t s  s u g g e s t  t h a t  in  d i f f i c u l t  
g r a z in g  c o n d it io n s  ( su c h  a s  th o s e  o f  p e r io d  3 in  
E xperim ent 5) th e  supp lem en t ten d ed  to  d e fe a t  i t s  
in te n d e d  p u r p o se , s in c e  th e  cows th a t  w ere f e d  th e  
su pp lem en t made l e s s  e f f o r t  to  g a in  a norm al f i l l  o f  
h e r b a g e . A t o th e r  t im e s  th e  r e d u c t io n  i n  herbage  
in ta k e  was e i t h e r  s m a lle r  or l e s s  c o n s i s t e n t .  The 
e x te n t  to  w hich th e  in ta k e  o f  h erb age  i s  d e p r e sse d  by  
su p p lem en tary  f e e d  p r o b a b ly  depends on th e  r e l a t i v e  
c o n c e n tr a t io n s  o f  d i g e s t i b l e  n u t r i e n t s  i n  th e  herbage  
and in  th e  su p p lem en t. G rain f e d  a s  a supp lem en t 
d e p r e s s e s  th e  in ta k e  o f  p a s tu r e  h erb age  (1 0 , 2 5 , 69) 
l e s s  th an  th a t  o f  roughage b a s a l  r a t i o n s  (8 4 ,  l 6 6 ) .
In  E xperim ent 5 th e  supp lem ent c a u sed  th e  l e a s t  
d e p r e s s io n  o f  herbage in ta k e  Y/hen good q u a l i t y  herb age  
was a v a i la b le .  I n  t h e s e  c o n d it io n s  th e  n e t  e f f e c t  o f  
th e  su pp lem en t on th e  in ta k e  o f  n u t r ie n t s  was g r e a t e s t  
y e t  no g r e a te r  in c r e a s e  i n  y i e l d s  was fo u n d . T h is  
may have b e e n  due t o  th e  f a c t  th a t  th e  l e v e l  o f  
f e e d in g  v/as a lr e a d y  ad eq u ate  f o r  th e  cow s’ m ilk  
p ro d u cin g  c a p a b i l i t i e s .  I t  i s  a l s o  p o s s i b l e  th a t  
th e r e  may have b een  a d e p r e s s io n  i n  th e  d i g e s t i b i l i t y  
and n e t  en erg y  v a lu e  o f  th e  t o t a l  in ta k e  (1 0 )  w h ich  
w ould n o t p erh ap s have b een  foun d  i f  th e  h erbage in ta k ^  
had been  red u ced  ( 6 9 ) .

W hile s ta r c h y  su p p lem en ts f e d  to  c a t t l e  g r a z in g  
h erb age  o f  m oderate n i t r o g e n  c o n te n t  (7 7 )  ca u sed  no 
g r e a t e r  in c r e a s e s  i n  m ilk  y i e l d s  th an  th o s e  foun d  in  
th e  p r e s e n t  e x p e r im e n ts , i t  has b een  c la im ed  t h a t  
s ta r c h y  su p p lem en ts ca u se  a s u b s t a n t i a l  in c r e a s e  in  
y i e l d s  when th e  h erb age  i s  o f  v e r y  h ig h  n it r o g e n  
c o n te n t  ( 1 4 2 ) .  I t  i s  p o s s i b l e  th a t  th e  e f f e c t  o f  th e  
supp lem ent on th e  s y m b io t ic  organ ism s o f  th e  rumen (1 8 )  
may p a r t l y  a cco u n t f o r  t h i s .



It is a commonly held view that supplementary 
feed may act as a buffer against variations in the 
quality of the pasture and so result in greater 
persistency of milk yields. In the present results 
the day to day variations in yield of supplemented 
cows were slightly greater than those of non­
supplemented cows but it was not clear v/hether the 
supplement affected the persistency of yields in any 
way. In a later, longer-term test of supplement 
feeding on cattle from the same herd (77) no positive 
association between variability of yields and the rate 
of decline could be found. A slight increase in the 
rate of liveweight gain was evident, but satisfactory 
liveweight gains as well as milk yields can be 
obtained without recourse to the expense of 
suppiementary feed on good quality pasture (78, 79).

It is concluded that supplements are 
unnecessary and uneconomic when leafy pasture is 
available. In estimating pasture production in terms 
of net utilized starch equivalent or in terms of 
gallons of milk per acre, an underestimate of the net 
output of the pasture will result if the theoretical 
starch equivalent or milk producing value of 
supplementary feed is deducted.

D. Water Intake and its Relation to the Amounts
of Dry Matter Consumed^

There is apparently no other information 
available in the literature on the total amounts of 
water consumed by individual dairy cows at pasture, 
although there is, of course, much information 
available on the water consumption of housed animals. 
The present experiments differed from most of those 
conducted with housed cattle in that the greater part 
of the total water intake was contained in the food, 
and the amounts of water and dry matter consumed were 
ad libitum.

The amounts of water drunk daily showed the 
greatest variability of any item in the total intake, 
but the variations were found to be related to the 
amounts of dry matter and herbage water consumed in
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su ch  a way th a t  th e  r a t i o  o f  dry m a tte r  t o  t o t a l  w ater  
in g e s t e d  was sm a lle r  f o r  su p p lem en ted  th a n  fo r  non­
su p p lem en ted  cows h u t was o th e r w is e  a lm o st c o n s ta n t .  
When no su pp lem en t was f e d  th e  r a t i o  ( l ; 7 ) was g r e a te r  
than  th o s e  r e p o r te d  in  th e  l i t e r a t u r e  f o r  housed  
c a t t l e  ( 1 : 3  to  1 :5  ( 1 3 7 ) ) .  T h is was p r o b a b ly  b e c a u se  
an u n u s u a lly  h ig h  p r o p o r t io n  o f  th e  t o t a l  w ater  in ta k e  
was c o n ta in e d  in  th e  f e e d .  A lth ou gh  a f a i r l y  c lo s e  
r e l a t i o n  i s  n o rm a lly  found b etw een  th e  d ry  m a tter  
in ta k e  and th e  w ater  in ta k e  i t  i s  u s u a l ly  b y  no means 
c o n s ta n t  ev en  when s t u d ie d  over  a s u f f i c i e n t l y  lo n g  
p e r io d  o f  tim e t o  e l im in a t e  v a r ia t io n s  i n  f e e d  and 
w ater  in ta k e  a r i s in g  from  i r r e g u l a r i t i e s  i n  th e  t im e s  
o f  con su m p tion . The d is c r e p a n c ie s  are  a t t r ib u t a b le  
t o  v a r ia t io n s  i n  th e  c o u r se  fo llo w e d  when w ater  i s  
d is p o s e d  o f  from th e  b od y , w hich are  l a t e r  r e f l e c t e d  
in  th e  w ater  in ta k e  ( 1 3 7 ) .

The c o n sta n cy  o f  th e  r a t io  in  th e  p r e s e n t  
e x p e r im en ts  p ro b a b ly  a r o se  b eca u se  m ost o f  th e  f a c t o r s  
w hich  govern  th e  e x c r e t io n  o f  w ater  by  c a t t l e  were  
common to  a l l  th e  cow s. There was v i r t u a l l y  no 
d i f f e r e n c e  i n  average  d a i l y  maximal tem p era tu res  
r ec o rd ed  i n  th e  two e x p e r im en ts  i n  w hich  th e  t o t a l  
in ta k e  o f  w ater  was e s t im a te d . The a v era g e  maximum 
in  E xp erim en t 4  was 63®P . ,  and i n  E xperim ent 5 ,  62®, 
64° . 66®, 64®P . ,  f o r  p e r io d s  1 , 2 ,  3 and 4  
r e s p e c t i v e l y .  The fo o d  consumed was a l l  o f  one ty p e ,  
and n o t .g r o s s ly  v a r ia b le  in  c o m p o s it io n , e x c e p t ,  o f  
c o u r s e , when su p p lem en ts were f e d ,  w h ich  ca u sed  th e  
r a t i o  to  become s m a l le r .  The c o n sta n c y  o f  th e  r a t i o  
b etw een  cows w ith  h ig h  and lo w  m ilk  y i e l d s  may be  
e x p la in e d  on th e  grounds t h a t  th e  w ater consum ed by  
m ilk in g  cows to  r e p la c e  th e  w a ter  l o s t  in  th e  m ilk  and 
f a e c e s  (1 0 2 ) was b a la n c e d  by  a  c o r r e sp o n d in g  in c r e a s e  
i n  dry m a tter  in t a k e .

The frequency of drinking
The fr e q u e n c y  o f  d r in k in g  o b ser v ed  i n  t h e s e
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TABLE 28

The number o f  d r in k s  ta k e n  d a i l y  b y  c a t t l e
(T e x t  p . 117)

A verage  d a i l y  
n o . o f  d r in k s Range A uthor

G ra z in g  d a ir y  c a t t l e 2 .0 1 .0 - 3 .0 Wardrop (1 5 8 )
(t It It 3 .8 2 . 8 — 8 C a s t le ,  F o o t  and  

H a ile y  (2 9 )  (w ith  
su p p lem en t)

It It It 3 .7 0 .7 - 7 . 0 H ancock (6 8 )
It It It — 0 .0 - 2 . 7 W a ite , MacDonald and 

Holm es (1 5 7 )
It It It 2 .5 1 . 0 - 4 .0 E xp erim en t 2.
It It It 4 « 8 3 . 8 - 6 .0 E xp erim en t 5 (w ith  

su p p lem en t)
tt It It 3 .9 3 .0 - 4 .8 E xp erim en t 5 (w ith ou t  

su p p lem en t)

B e e f  s t e e r s 1 .0 — Joh n s to  n -V /a ll a ce  and 
K ennedy (8 5 )

H oused d a ir y  c a t t l e 8 .9 6 .9 - 1 0 .4 R a g s d a le ,  Thompson, 
W o r s t e l l ,  Brody  
(1 2 8 )

It It It 1 0 .0 — Caim on, H ansen , 
O 'N ea l (2 8 ) .

It It It 6 .0 A tk e so n  and Warren 
( 7 )



ex p e r im en ts  a v era g ed  o n ly  abou t k  d r in k s  a day w ith  a 
range o f  1 to  6 . T hese f r e q u e n c ie s  are  i n  g e n e r a l  
agreem ent w ith  m ost o th e r  r e p o r t s  i n  th e  l i t e r a t u r e  
w h ich  are  g iv e n  f o r  com p arison  i n  T ab le  28 . A t l e a s t  
one o f  t h e s e ,  t h a t  o f  W aite e t  a l .  (1 5 7 )  was d e r iv e d  
from  c a t t l e  w h ich  were a llo w e d  to  d r in k  in  th e  b y re  
d u rin g  m ilk in g , and th e se  d r in k s  are n o t  in c lu d e d  i n  
th e  f r e q u e n c ie s  q u oted . C o n s id e r a b le  v a r ia t i o n  i n  
th e  fr e q u e n c y  o f  d r in k in g  by d a ir y  c a t t l e  i s  t o  be  
e x p e c te d  b e c a u se  o f  v a r ia t io n s  i n  th e  d ry  m a tte r  
c o n te n t  o f  th e  h erb a g e , th e  m ilk  y i e l d  o f  th e  co w s, in  
th e  a i r  te m p e r a tu r e , and b e c a u se  o f  in d iv id u a l  
id io s y n c r a s y  ( 6 8 ) .

A lth o u g h  th e r e  i s  a c lo s e  r e l a t i o n  b e tw een  th e  
amounts o f  d ry  m a tte r  and o f  v /a ter  consum ed, t h e r e  i s  
some e l a s t i c i t y  i n  th e  i n t e r v a l  b e tw een  th e  
consum ption  o f  a  d ry  fe e d  and th e  tim e a t  w h ich  w ater  
i s  drunk. The e x tr a  d r in k s  ta k e n  by cows f e d  a 
supp lem ent i n  E xperim ent 5 were n o t  r e la t e d  t o  th e  tim ^  
a t  w hich th e  su p p lem en t was e a te n . A c lo s e r  
c o n n e c tio n  b etw een  th e  con su m p tion  o f  dry f e e d  and o f  
w ater  i s  fou n d  v/hen la r g e r  q u a n t i t i e s  o f  a  b u lk y  d ry  
f e e d  su ch  as hay are  fe d  (7 )*

The r a t e  a t  w hich  w ater  was drunk by h ou sed  
c a t t l e  f e d  f r e s h  or  d r ie d  h erb age  v/as m easured in  
E xperim ent 6 u s in g  w ater  ta n k s  i d e n t i c a l  t o  t h o s e  
p ro v id ed  in  th e  f i e l d .  I t  was found  t h a t  3 i  g a l lo n s  
were drunk a t  each  d r in k  a t  th e  r a te  o f  ab ou t 0*9 l b .  
a seco n d . T h is  amount was 70^ o f  th e  a v e ra g e  d a i l y  
consu m ption  o f  th e  c a t t l e  a t  p a s tu r e ,  and a t  t h a t  r a te  
o f  d r in k in g  th e  g r a z in g  cows c o u ld  p ro b a b ly  have  
consumed a l l  t h e i r  d a i l y  req u irem en t i n  two d r in k s .

B ecau se  o f  th e  r a p id  r a te  and th e  low  
fre q u en cy  o f  d r in k in g , and b e c a u se  (a p a r t  from  th e  
d r in k s  ta k en  im m ed ia te ly  a f t e r  m ilk in g )  th e  t im e s  a t  
w hich w ater i s  drunk are a p p a r e n tly  f a i r l y  e l a s t i c ,  
th e  q u e s t io n  a r i s e s  w hether a c o n s ta n t  su p p ly  o f  
w ater  i n  th e  f i e l d  i s  as n e c e s s a r y  a s  i t  i s  commonly 
su p p osed  to  b e .
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R ep o rts  on th e  e f f e c t s  o f  r e s t r i c t i n g  th e  
number o f  d r in k s  c a t t l e  are  a llo w e d  a re  a v a i la b le  o n ly  
f o r  h ou sed  c a t t l e  f e d  on m o s t ly  dry f e e d  ( 9 ,  73 , 7 4 , 
1 0 0 , 1 6 7 ) f o r  w h ich  a s  T ab le  28 shows a h ig h e r  
fr e q u e n c y  o f  d r in k in g  may be e x p e c te d . From th e s e  
r e p o r t s  i t  i s  e v id e n t  th a t  2 d r in k s  a day m ust be  
r eg a rd ed  a s  th e  a b s o lu te  minimum f o r  h ou sed  m ilk in g  
cow s, and t h a t  a g r e a te r  freq u en cy  som etim es g iv e s  a 
g r e a te r  r a te  o f  in c r e a s e  in  body w e ig h t  or an in c r e a s e  
in  m ilk  p r o d u c t io n . H e if e r s  and d ry  cow s are a b le  to  
ta k e  a l l  t h e i r  r e q u ire m en ts  in  one d r in k  ( 149) » These
r e s u l t s  may n o t  ap p ly  to  g r a z in g  c a t t l e  w h ich  are  
ta k in g  in  herbage w a ter  c o n t in u o u s ly . In d eed  th e  
c o n s ta n c y  o f  th e  r a t i o  fou n d  b etw een  dry m a tte r  and 
t o t a l  w a ter  in ta k e  s u g g e s t s  th a t  in  w et w eath er  on 
s u c c u le n t  herbage th e  cow s may be o b l ig e d  to  consume 
more w ater  than th e y  r e q u ir e .  H ow ever, a lth o u g h  in  
g e n e r a l cows may be a b le  to  consume a l l  t h e i r  
r e q u ire m en ts  when b rou gh t in  f o r  m ilk in g  tw ic e  d a i l y ,  
i n  h o t  w ea th er  th e  a b sen ce  o f  w ater  i n  t h e  f i e l d  m igh t  
c a u se  d is c o m fo r t  and u n s e t t l e d  b e h a v io u r , and cows 
w ith  v e r y  h ig h  y i e l d s  m igh t n o t  be a b le  t o  ta k e  in  a l l  
t h e i r  r e q u ir e m e n ts . The ab sen ce  o f  w a te r  w ould a ls o  
o f  c o u r se  l i m i t  th e  u s e s  to  w hich  a f i e l d  c o u ld  b e  p u t  
The p r e s e n t  r e s u l t s  s u g g e s t  th e  c o n c lu s io n  n o t  th a t  
a c c e s s  t o  w ater  sh o u ld  b e  r e s t r i c t e d ,  b u t  r a th e r  t h a t  
th e  m ethod by w hich  w ater  i s  s u p p lie d  b o th  to  housed  
and t o  g r a z in g  c a t t l e ,  sh o u ld  c a te r  f o r  th e  cow’ s  h ig h  
sp eed  o f  d r in k in g .

E. Some Aspects of the V/ork Requiring Further Study
Although the degree of precision reached in 

these grazing experiments v/as satisfactory considering 
the number and magnitude of the errors involved, the 
uses to which the method can be applied are obviously 
limited since it is not applicable to free grazing 
cattle. However, the method cannot be criticized for 
imposing artificial or abnormal grazing conditions on 
the cattle because there is very little difference
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b etw een  g r a z in g  c o n d it io n s  i n  s in g le - c o w  p l o t s  and in  
s t r i p -  or f o ld - g r a z in g .  The in c r e a s in g  a d o p tio n  o f  
f o ld - g r a z in g ,  i n  f a c t ,  means th a t  p r e s e n t  r e s u l t s  are  
p ro b a b ly  o f  f a i r l y  w ide a p p l ic a t io n .

I t  h a s  b e e n  shown t h a t  th e  am ounts o f  herbage  
consumed b y  c a t t l e  f o ld e d  d a i l y  are  l e s s  th a n  th e  
amounts consum ed when f r e e  s e l e c t i o n  i s  a llo w e d  a t  a 
lo w  s t o c k in g  r a te  p er  a c r e .  I n  th e  p r e s e n t  
ex p er im en ts  th e r e  was g e n e r a l ly  no i n d ic a t io n  ( e x c e p t  
in  E xp erim ent 3 ) th a t  m ilk  y i e l d s  d e c l in e d  a s  a r e s u l t  
o f  any r e d u c t io n  th e r e  may have b een  in  th e  amount or  
q u a l i t y  o f  h erb age consumed when s e l e c t i o n  was 
p r e v e n te d .. S im i la r ly  th e  red u ced  in ta k e  r e p o r te d  fo r  
c lo s e - f o l d e d  c a t t l e  compared w ith  r o t a t i o n a l l y  g ra zed  
c a t t l e  ( 1 5 6 ) had no e f f e c t  on m ilk  y i e l d s ,  and o n ly  a 
s l i g h t  e f f e c t  on l iv e w e ig h t  g a in . From t h i s  
o b s e r v a t io n  i t  seem s p ro b a b le  th a t  th e  p la n e  o f  
n u t r i t i o n  on good q u a l i t y  p a s tu r e  i s  h ig h e r  th an  th e  
o p tim a l f o r  cov/s o f  m oderate m ilk ' y i e l d ,  and p rob ab ly  
h ig h e r  th an  i s  n e c e s s a r y  f o r  s a t i s f a c t o r y  g a in s  in  
l iv e w e ig h t .  N u tr ie n t s  may b e w a sted , t h e r e f o r e ,  when 
cows are a llo w e d  t o  s a t i a t e  th e m se lv e s  on h ig h  q u a l i t y  
p a s tu r e .  I t  h as b een  s u g g e s te d  b y  S jo l le m a  (14-2) 
th a t  th e  d e l ib e r a t e  r e s t r i c t i o n  o f  in ta k e  on v ery  h ig h  
q u a l i t y  p a s tu r e  and th e  f e e d in g  o f  a lo w  p r o t e in  
su pp lem en t w i l l  le a d  to  more e f f i c i e n t  u t i l i z a t i o n  o f  
p a s tu r e  n u t r i e n t s .  The same r e s u l t  i s  p ro b a b ly  
a c h ie v e d , how ever, a t  l e s s  c o s t  by  f o ld - g r a z in g  herbag^  
in  a f a i r l y  advanced ( lo n g  l e a f y )  s t a g e  o f  grow th , and 
t h i s  p ro ced u re  may a l lo w  th e  herbage to  p rod u ce more 
dry m a tte r  in  th e  c o u r se  o f  th e  s e a so n  and to  su p p ort  
a g r e a te r  number o f  s t o c k .

The e f f e c t  o f. t h i s  p roced u re  on cows o f  h ig h  
m ilk  y i e l d  rem ain s^ to  be d e ter m in e d . When th e  g e n e r a l  
l e v e l  o f  in ta k e  b y ^ g ra z in g  h erd  i s  r e s t r i c t e d ,  i t  i s  
p o s s i b l e  t h a t  su p p lem en tary  f e e d  o f f e r e d  to  th e  h ig h e r  
y i e l d i n g  cows may g iv e  a p r o f i t a b l e  r e tu r n .

I n  v ie w  o f  th e  econom ic im p ortan ce  o f  h ig h  
o u tp u ts  p er  a c r e , h ow ever, th e  in c r e a s e d  c a r r y in g



c a p a c ity  w hich w i l l  r e s u l t  from  in fr e q u e n t  d e f o l i a t i o n  
and f o ld - g r a z in g  th e  h erb age a t  th e  lo n g  l e a f y  s t a g e ,  
may, d e s p i t e  th e  p ro b a b ly  v ery  s l i g h t  d e c l in e  in  
p r o d u c t iv i t y  p e r  cow, r e s u l t  i n  more e f f i c i e n t  and 
p r o f i t a b l e  p a s tu r e  u t i l i z a t i o n .

The e f f e c t s  on p r o d u c t io n  p er  cow and on 
p r o d u c tio n  p er  a c re  o f  th e  fr e q u e n c y  o f  g r a z in g  and 
th e r e fo r e  o f  th e  s ta g e  o f  grow th  o f  th e  h erb age  o f fe r e e , 
need  f u r t h e r  s tu d y . So f a r  a s  p r o d u c t io n  p e r  cow i s  
co n cern ed , th e s e  q u e s t io n s  r e s o lv e  th e m se lv e s  in to  a 
p r a c t i c a l  ex a m in a tio n  o f  th e  c la im s  th a t  have b een  
made f o r  im proved e f f i c i e n c y  o f  n u t r ie n t  c o n v e r s io n  
r e s u l t in g  from  o p tim a l f i b r e  c o n te n t  in  th e  d i e t  (8 )  
and from a  r e s t r i c t e d  amount o f  dry m a tte r  p er  u n it  o f  
n u t r ie n t s  in g e s t e d  ( 2 2 ,  2 3 ) .

G en era lSummary
1 . The n eed  was shown f o r  in fo r m a tio n  on th e  amounts odf 

herb age dry m a tter  consumed d a i ly  b y  g r a z in g  cow s, 
and a r e v ie w  was g iv e n  o f  th e  m ethods b y  w hich  
h erb age dry m a tter  in ta k e  may be e s t im a te d .

2 . The dry m a tter  in ta k e  may be c a lc u la t e d  from  th e  
d i g e s t i b i l i t y  o f  th e  h erb age  dry m a tte r  consumed 
and th e  amount o f  f a e c e s  e x c r e t e d . The amount o f  
f a e c e s  e x c r e te d  may be e s t im a te d  by  th e  u s e  o f  
chromium s e s q u io x id e  a s  a  m arker. E v id e n c e  i s  
q u oted  t o  show t h a t  f a e c a l - in d e x  m ethods may p rove  
u s e f u l  i n  th e  d e te r m in a t io n  o f  d i g e s t i b i l i t y  from  
th e  c o n c e n tr a t io n  o f  a p la n t  c o n s t i t u e n t  i n  th e  
f a e c e s .

3* H erbage in ta k e  may b e  c a lc u la t e d  from  th e  e s t im a te d  
d i f f e r e n c e  in  y i e l d s  on a. g iv e n  a rea  due to  g r a z in g  
b u t i s  c o m p lic a te d  by  th e  grow th o f  th e  herbage  
d u rin g  th e  g r a z in g  p e r io d ,  and th e  v a r i a b i l i t y  in  
th e  y i e l d  o f  th e  h e r b a g e .

4* A m ethod was p rop osed  i n  w hich  th e  amount o f  
herbage dry m a tter  consumed d a i l y  b y  in d iv id u a l  
cows on a g iv e n  a rea  was to  be  e s t im a te d  by
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i n t e n s i v e  sa m p lin g  b e fo r e  and a f t e r  c o n s e c u t iv e  
24 h r . g r a z in g  p e r io d s .  T h is  w ould red uce th e  
b ia s  due to  grow th  d u r in g  th e  g r a z in g  p e r io d .
Cows and days were r e p l i c a t e d  so  a s  t o  form  L a t in  
sq u a r e s  or random ized  b lo c k s  o f  s in g le - c o w  p l o t s .  
A n a ly s is  o f  v a r ia n c e  was u sed  t o  a s s e s s  th e  e r r o r  
v a r ia n c e  o f  th e  e s t im a t e s .

5 . S ix  g r a z in g  e x p er im en ts  w ere c a r r ie d  out w ith  from  
16 to  216 cow -days in  ea ch . The c o e f f i c i e n t s  o f  
v a r ia t io n  o f  th e  dry m a tter  in ta k e  e s t im a t e s  were  
b etw een  15 and 33% d ep en d in g  on th e  v a r i a b i l i t y  o f  
h erb age y i e l d s  and th e  b e h a v io u r  o f  th e  cow s.
The s ta n d a r d  e r r o r s  o f  th e  mean d ry  m a tte r  in ta k e s  
v/ere l e s s  th a n  3% e x c e p t  in  th e  s m a l le s t  
e x p e r im e n t.

6 . \7 ith ln  each  p e r io d  o f  ea ch  ex p er im en t th e r e  was a 
c lo s e  r e la t io n s h ip  b etw een  h erb age d ry  m a tter  
y i e l d s  p er  a cre  and d a i l y  d ry  m a tte r  in ta k e . The 
v a r ia t io n  b etv /een  ex p er im en ts  i n  th e  amounts o f

■ h erb age consumed e x p r e s s e d  as p e r c e n ta g e s  o f  body  
w e ig h t were r e l a t e d  t o  d i f f e r e n c e s  in  th e  q u a l i t y  
o f  th e  herbage and th e  i n t e n s i t y  o f  s to c k in g  p er  
a c re  and to  d i f f e r e n c e s  in  a p p e t i t e  b etw een  
in d iv id u a l  cow s. I t  was co n c lu d ed  t h a t  th e  
e f f e c t s  o f  v a r ia t io n s  in  h erb age y i e l d s  on in ta k e  
were o n ly  o f  im p ortan ce  t o  th e  e x t e n t  th a t  th e y  
a f f e c t e d  th e  p r o p o r t io n  o f  s u c c u le n t  l e a f  
a v a i l a b l e .

7 . C o n s is t e n t  d i f f e r e n c e s  b etw een  cows i n  a p p e t i t e  
were fou n d  w hich in  E xp erim en ts 3 and 4  were 
r e l a t e d  to  th e  m ilk  y i e l d  or s t a g e  o f  l a c t a t i o n .
Low a p p e t i t e s  w ere e s p e c i a l l y  e v id e n t  i n  d ry  cow s.

V
8 . The mean d a i ly  d ry  m a tte r  in ta k e  p e r  cow in  each  

ex p er im en t was e q u iv a le n t  to  2 .1 ^  o f  th e  me an 
l iv e w e ig h t .  E x c lu d in g  e s t im a t e s  made i n  poor  
g r a z in g  c o n d it io n s  and e s t im a te s  f o r  some low  
y i e l d i n g  or d ry  cow s, th e  a v era g e  in t a k e  was 
e q u iv a le n t  t o  2 .3 ^  o f  th e  l iv e w e ig h t .

9* The a v era g e  d a i ly  dry m a tte r  in ta k e  o f  c a t t l e  f e d  
f r e s h  c u t  herbage in  th e  b yre  was e q u iv a le n t  to
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2$4^ o f  th e  l i v e w e ig h t  (E xperim ent 6 ) .

b.0. The e f f e c t  o f  8 I h .  c o n c e n tr a t e  supp lem ent on  
I h erb age  in t a k e  was n e g l i g i b l e  when th e  herbage  was 

p a l a t a b l e .  I n  poor g r a z in g  c o n d i t io n s  i t  red u ced  
th e  herbage dry m a tter  in t a k e  b y  4  l b .  (E xp er im en t  
5 ) .  On a v e ra g e  th e  supp lem ent in c r e a s e d  th e  d a i l y  
dry m a tte r  in t a k e  from th e  e q u iv a le n t  o f  2 .1  to  
2 .5 ^  o f  th e  l i v e w e i g h t .

The supp lem ent gave an i n c r e a s e  i n  m ilk  y i e l d  o f  
o n ly  2 . 4  l b .  m i lk  p er  cow /day .

No e f f e c t  on m ilk  y i e l d s  or dry  m a tter  in t a k e  was 
found  when cows were g r a ze d  on a maiden s e e d s  
p a s tu r e  (E xp er im en t 3)* The m aiden s e e d s ,  
how ever, were a d u l t e r a t e d  w ith  u n p a la ta b le  weed, 
and t h e  permanent g r a s s  u s e d  a s  c o n t r o l  was o f  
good q u a l i t y .

13" The dry m a tte r  c o n te n t  o f  th e  herb age  had no
c o n s i s t e n t  e f f e c t  on th e  amounts o f  dry  m a tte r  
consumed e i t h e r  by housed  c a t t l e  f e d  c u t  herbage  
or by  g r a z in g  c a t t l e .

14" The a vera g e  q u a n t i t y  o f  w a ter  drunk d a i l y  was
a p p r o x im a te ly  5 g a l lo n s  p e r  cow. The v a r i a t i o n s  
i n  th e  amounts drunk were r e l a t e d  t o  th e  amounts o f  
dry m a tter  and herbage w a te r  consumed i n  su ch  a 
v/ay t h a t  th e  r a t i o  o f  dry  m a t te r  in t a k e  t o  t o t a l  
w ater  in t a k e  was s m a l le r  f o r  supp lem en ted  th a n  f o r  
n on -su p p lem en ted  cows b u t  o th e r w is e  was a lm o st  
c o n s ta n t  (E xp er im en ts  4  and 5) • The r a t i o  f o r
n on -su p p lem en ted  cows ( 1 : 7 )  was g r e a t e r  th an  th o s e
r e p o r te d  f o r  housed  c a t t l e ,  b e c a u se  o f  t h e  h ig h  
p r o p o r t io n  o f  th e  t o t a l  w a te r  in t a k e  c o n t a in e d  i n  
th e  f e e d .

15" Cows r e j e c t e d  herbage grown from f a e c e s  b u t
s e l e c t e d  t h a t  grown from  u r i n e .  The t o t a l  a r e a s
o f  herbage whose grovrbh was a f f e c t e d  b y  e a ch  were  
a p p ro x im a te ly  e q u a l  a t  44  sq .  f t .  p e r  cow -day.
The a r ea  o f  p a s tu r e  r e j e c t e d  b e c a u se  o f  f a e c e s
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c o n ta m in a t io n  would r a r e l y  e x c e e d  lOj  ̂ o f  th e  
I t o t a l  a r e a  o f  th e  p a s t u r e  i n  th e  c o n d i t i o n s  i n
! w hich t h e s e  o b s e r v a t io n s  were made.
Ij
| l6 .  The g e n e r a l  v a l i d i t y  and i m p l i c a t i o n s  o f  th e
I  r e s u l t s  were d i s c u s s e d .  I t  was co n c lu d e d  t h a t
!

th e  method o f  in ta k e  e s t i m a t i o n  had g iv e n  a 
I  s a t i s f a c t o r y  d egree  o f  p r e c i s i o n  and s h o u ld  prove

u s e f u l  i n  f u t u r e  e x p e r im e n ta l  work. The method  
was n o t  a p p l i c a b l e  t o  f r e e  g r a z in g  c a t t l e ,  b u t  th e  
r e s u l t s  were o f  f a i r l y  w ide a p p l i c a t i o n  b e c a u s e  o f  
th e  i n c r e a s i n g  a d o p t io n  o f  f o l d - g r a z i n g  i n  farm  
p r a c t i c e .

1 2 3 .



REFERENCES

1 . A n d ersen , A-G. (1934)
Skand. A rch . P h y s i o l .  6 3 , 33*

2 . A n d ersen , A .G . , & F r e d e r ik s e n ,  L . (1 9 3 3 )
( c i t e d  b y  Ghanda e t  a l .  ( 3 0 ) )
B iederm . Z b l.  B 334*

3* A n d ersen , A .G .,  & W in th er , J .E .  (1 9 3 4 ) .
B e r .  F o r s / g s l a b .  Copenhagen 1 3 3 , 117*

4 . A r c h ib a ld ,  J . G . ,  B en n et ,  E . ,  & R i t c h i e ,  W.S. (1943%
J .  a g r i c .  R es . 6G, 341*

3* Armsby, H .P . ( I 9 1 7 )
The N u tr .  o f  Farm A n im ais  
M acM illan G o .,  New York.

6 .  A rm strong, D .G .,  & Thomas, B. (1 9 3 3 )*
J .  a g r i c .  S c i .  4 ^ , 223*

7* A tk eso n , F .V /.,  & Warren, T .R . (1 9 3 4 )
D a ir y  S c i .  17> 2 6 3 .

8 .  A x e l l s o n ,  J .  ( I 9 4 0 )
T iern ah ru n g  ] ^ ,  414*

9* B ackhaus, A. ( I 8 9 8 )
B e r l i n  Landw. I n s t .  K o n igsb erg  2 ,  34*
N u tr .  A b s tr .  R e v s .  ( 1 9 4 1 - 2 )  1 1 ,  67I .

1 0 .  B a ir d ,  D .M ., & S e l l ,  O .E . (1 9 3 4 )
J .  Anim* S c i .  1^ , 1003*

11* B a lc h ,  G*G* (1 93 0 )
B r it*  J .  N u tr .  4 ,  3&1*

1 2 .  B ark er , A .S . ,  & F ergu so n , W.8. (1 9 5 4 )
P r o c .  N u tr .  S o c .  3^ , 6 .

1 3 * B ark er , A .S . ,  & Hadden, M.A. (195 3 )
lmp. Ghem. In d .  C e n tr a l  A g r ic .  C o n tr o l  
B u l l .  No. 4#

124 *

1 4 . Beaumont , A .B . ,  S t i t t ,  R .S .  & S n e l l ,  E .S .  (1 9 3 3 )
J .  Amer*. S o c .  A gron. 123*

1 5 * B e l l ,  J . M. & Granpton, E.W. (1 9 4 7 )
S c i .  A g r ic .  2 7 ,  1 .

1 6 . B ergeim , 0 .  (1 9 26 )  ( c i t e d  b y  Chanda e t  a l .  ( 3 0 ) )
J .  b i o l *  Ghem. JO, 29 .

1 7 . B l a x t e r , K.L. (1 9 4 4 )
J .  a g r i c .  S c i .  27*

1 8 . B l a x t e r , K.L. (1 9 5 0 )
N u tr .  A b s tr .  R ev. No. 1 .



19* B o l in ,  D .W ., K ing, R .P . ,  & K losterm an , 2.W. (1 9 5 2 )  
S c ie n c e  1 1 6 , 634 .

!20. B on di, A . ,  & M eyer, H. (1 9 4 3 )  
j J .  Anim. S c i .  123*
|21. B on di, A. & Meyer, H. (1 9 4 8 )

Biochem . J .  4 5 ,  248 .
|22. B o u t f lo u r ,  R. (1 9 2 5 )

Prmr. & S to c k b r e e d e r  S e p t .  2 8 tb .
2 3 . Bout f l o u r ,  R. ( 1 9 5 0 )

J .  B r i t .  C a t t l e  B r ee d e rs  Club p .  49*
2 4 . Boyd, D.A. (1 9 4 9 )

J .  B r i t .  G r a s s l .  S o c . 4 » 1*
2 5 * Brannon, V /.P ., R e id ,  J . T . ,  & M i l l e r ,  J .E .  (1 9 54 )

J .  Anim. S c i .  1^ , 535*
2 6 . B row n lee , A. (1 9 54 )

B r i t .  V e t .  J .  3 ^ ,  4 8 .
2 7 . Brown, B .A . , & M u n se l l ,  R . I .  (1 9 4 5 )

J .  Amer. S o c .  Agron. 542*
2 8 . Cannon, O .Y .,  H ansen, E .N * , & O’N e a l ,  J .R .  (1 9 3 0 )

Iowa A g r ic .  Exp. S t a .  B u l l .  292 .
2 9 * C a s t l e ,  M .E ., F o o t ,  A . S . ,  & H a i l e y ,  R .J .  (1 9 5 0 )

J .  D a ir y  R e s . 1 7 , 215.
3 0 . Chanda, R . , Clapham, H e len  M., McNaught, M a r y L . ,

& Ov/en, E .C . (1 9 5 1 )
J .  a g r i c .  S c i .  4 i>  179*

3 1 * Cook, E .W ., & H a r r is ,  L .E . (1 9 5 1 )
J .  Anim. S c i .  lO , 5 6 5 *

3 2 . Coup, M .R., & L a n c a s te r ,  R .J .  ( 1952)
N .Z . J .  S c i .  T ech . S e c t .  A 347*

3 3 . C ooper, M.M. (1 9 5 5 )
D a ir y  S c i .  A b s t r .  1 7 , No. 4*

3 4 . C o rb in , J .E .  (1 9 4 7 )
( c i t e d  by  F orb es  and G a rr ig u s  ( 5 2 ) )
U n iv . o f  K entucky unpub. t h e s i s .

35* C orb in , J . E . , &  F o r b e s ,  R.M. (1 9 5 1 )
J .  Anim. S c i .  lO , 374*

3 6 . Cowlishav/, S.H* (1 9 5 1 )
J .  B r i t .  G r a s s l .  S o c .  6 ,  179*

37* Crampton, E .W ., L lo y d , L . E . ,  & L e w is ,  E. ( I 9 5 1 )
J .  N u tr .  45 )  3 1 9 *

125.



3 8 .  Crampton, E .W ., & Maynard, L .A . (1 9 3 8 )
I J .  N u tr .  1 5 , 3 9 3 .
I3 9 . C sonka, P . A . ,  P h i l l i p s ,  M ., & J o n e s ,  D .B . (1 9 2 9 )
I J .  b i o l .  Chem. 8^, 6 5 .
|40 . D a v id so n ,  J .  (1954)

P r o c .  N u tr . S o c .  ( A b s t r . )  8 5 t h  S o i .  
i  M eetin g  3^, v .
4̂ 1 . D a v i e s ,  R .O . ,  M il to n ,  W .E .J . ,  & L lo y d ,  J .R .  (1950)  
I Emp. J .  e x p . A g r ic .  1 8 ,  264 .
,4 2 . D a v i s ,  R .E . ,  M i l l e r ,  C .O . ,  à L in d a h l ,  I . L .  (1 9 4 7 )
j J .  a g r i c .  R e s .  24» ^85*
|43« Dawson, J . R . , Kopland, D .V . ,  & G raves , R .R . (1 9 4 0 )  
1 U .S .  D ept. A g r ic .  Tech. B u l l .  739*
f44* D odsw orth, T .L . ,  & C am pbell, W.H.M* (1 9 5 3 )
I  J .  a g r i c .  S c i .  4 2 ,  I 8 6 .
|45* D on a ld , C.LI. (1 94 6 )

P a s t u r e s  and P a s tu r e  R e se a r c h ,  2nd E d i t .  
Sydney U n iv . ,  97*

4 6 . E d in , H. ( 1 9 1 8 ) ( c i t e d  by  Chanda e t  a l .  ( 3 0 ) )
F ran . C e n t r a lu n s t  f . fo r s o k s v a s ia n d e b  
p a  Jodbruksom radet Med. 3105*

47* E d in , H . ,  H ih le n ,  F . ,  & N o r d f e ld t ,  S .  (1 9 4 4 )
Ann. R oyal A g r ic .  C o l l .  Sweden 1 2 ,  I 6 6 . 

4 8 .  E l l i s ,  G .H .,  M atrone, G . ,  & Maynard, L .A . (1 9 4 6 )
J .  Anim. S c i .  285*

49* E ly ,  R . F . ,  Kane, E .A . , J a c o b so n , W*C., & Moore,
L .A . ( 1 9 5 3 )
J .  D a iry  S c i .  34 6 .

5 0 . F is s m e r ,  E. (1 9 41 )
Z e i t ;  f u r  T iern ah ru n g  F ut t  e rmi 11 ekunde 
Bunde 1 .  ( T r a n s l a t i o n  i n t o  F ren ch  
by V o i s i n ,  A. (1 9 5 2 )  A n n a le s  de l ’ I n s t .  
N u tr .  de l a  R ech erch e  Agron. S e r i e  D . 
l i v r e  2 ,  6I .

5 1 . F o r b e s ,  R.M. (1 9 4 9 )
J .  Anim. S c i .  8 ,  19*

5 2 . F o r b e s ,  R .M ., & G a r r ig u s ,  W.P. (1 9 4 8 )
J .  iAnim. S c i .  7 ,  5 3 8 .

53* F o r b e s ,  R .M ., & G a rr ig u s ,  W.P. (1 9 5 0 )
J .  Anim. S c i .  Jg, 531*

1 2 6 .



54* F o r b e s ,  R.Ivl*, & H a m ilto n , J .S .  (1 9 5 2 )
J .  Anim. S c i .  1 1 ,  4 8 0 .

55' F r i s c h n e c h t ,  N .C . ,  & Plummer, A .P .  (1 9 4 9 )
Agronomy J .  8 3 .

5 6 . G a l lu p ,  W .D ., & Huhlman, A.H. (1 9 3 1 )
J .  a g r i c .  R e s .  4 2 ,  6 6 5 .

5 7 . G a r r ig u s ,  W.P. & Rusk, H .P . (1 9 3 9 )
U n iv .  I l l i n o i s  A g r ic .  Exp. S t a .
B u l l .  4 5 4 .

58 . G o o d a l l ,  V .C . (1 9 5 1 )
New Z ealand D a ir y  E x p tr .  34 .

5 9 . G raves , R .R . ,  Dawson, J . R . , H opland, D .V . ,  &
M o se le y ,  J.V/. (1 9 3 3 )
U .S .  D ep t . A g r ic .  T ech . B u l l .  381 .

6 0 . G raves , R .R . ,  Dawson, J . R . , H opland, D .V . ,
W att, A .L . ,  & Van Hoorn, A.G. (1 9 3 8 )
U .S .  D ep t. A g r ic .  T ech . B u l l .  6 1 0 .

6 1 . Gray, F .V . (1 9 4 7 )
J .  e x p .  B i o l .  2 4 , 1 5 .

6 2 . G reen, J .O . (1 9 4 9 )
J .  B r i t .  G r a s s l .  S o c .  4 ,  11 .

6 3 . H a le ,  E .B . ,  Duncan, C .W ., & Huffman, G .F . (1 9 4 0 )
J .  D a ir y  S c i .  2^, 9 5 3 .

64' H am ilton , R .A . (1950)
P r o c .  F ert*  S o c .  No. 8 .

6 5 . H am ilton , R.À . (1 9 5 2 )
J .  Farm ers C lub p a r t  4*

6 6 . H am ilton , T . S . ,  M i t c h e l l ,  H .H .,  K ick , C .H .,  &
Carman, G.G. (1 9 2 7 )
U n iv . I l l i n o i s  A g r ic .  Exp. S t a .  4 1 s t  
Annual r e p o r t  ( 1 9 2 7 /8 )  199*

6 7 . Hancock, J .  (1 9 5 0 )
Emp. J .  ex p . A g r ic .  1 8 ,  249*

68. Hancock, J .  (1 9 5 3 )
Anim. B r e e d in g  A b s t r .  2 1 , No. 1 .

6 9 . H ard ison , W .A ., E n g e l ,  R .W ., & G ra f, G.C. (1 9 5 4 a )
J .  D a ir y  S c i .  ( A b s t r . )  g ,  6 6 5 .

7 0 . H ard ison , W .A., R e id ,  J . T . ,  '& M artin , C.M. (1 9 5 1 )
J .  Anim. S c i .  ( P r o c . )  1 0 ,  I 0 7 0 .

7 1 . H ard iso n , W .A., R e id ,  J . T . ,  & M a rtin , C.M. (1 9 5 3 )
J .  D a ir y  S c i .  ( P r o c . )  582 .

127 .



1 2 8 .

7 2 .  H a rd iso n , W .A ., R e id ,  J . T . ,  M a rt in ,  C.M. &
W o o lfo lk ,  D.G. (1 9 5 4 b )
J .  D a ir y  S c i .  8 9 .

7 3 . Hayward, H. (1 9 0 1 )
P e n n s y lv a n ia  A g r ic .  Exp. S t a .  B u l l .  5 6 .

7 4 . H i l l s ,  J .L .  ( 1 9 0 1 )
Vermont A g r ic .  Exp." S t a .  Ann. R eport  
1 8 9 9 /1 9 0 0 ,  4 3 5 .

75* Holm es, W. (1 9 5 1 )
P r o c .  B r i t .  S o c .  Anim. P r o d . ,  p .  9 0 .

7 6 . H olm es, W. (1 9 5 4 )
P r o c .  N u tr . S o c .  I 3 , 19*

7 7 . H olm es, W., & MacLusky, D .8 .  (1 9 5 5 )
Hannah I n s t i t u t e  Farm Guide ( D e t a i l s  
t o  be p u b l i s h e d )

7 8 . Holm es, W. ,  W a ite ,  R . , F e r g u s s o n ,  D .L . ,  &
C am pbell, Jean  I .  (1 9 5 1 )
J .  a g r i c .  S c i .  4 0 ,  38I .

7 9 . Holm es, W., W a ite ,  R . , F e r g u s so n ,  D .L . ,  &
MacLusky, D .S . (1 9 5 2 )
J .  a g r i c .  S c i .  4 2 ,  304*

8 0 . Homb, T . ,  & B rieram , H. (1 9 5 2 )
J .  Anim. S c i .  I d ,  4 9 6 .

8 1 .  H uffm an, C .F . (1 939 )
J .  D a ir y  S c i .  953*

8 2 .  I r w in ,  M . I . ,  & Crampton, E.W. (1 9 5 1 )
J .  N u tr .  4 3 , 77"

8 3 . J a e l ,  F .  ( 1 9 5 2 )
6 th  I n t .  G r a s s l .  C o n g re ss ,  p .  118 0 .

8 4 . j e n s e n ,  E . , K le i n ,  J .W ., R a u c h e n s te in ,  E . ,
Woodward, T .E . ,  & S m ith , R.H. (1 9 4 2 )  
U .S .  D ep t . A g r ic .  T ech . B u l l .  815*

8 5 . Johns to n e -W a ll  a c e ,  D .N . ,  & Kennedy, H. (1 9 4 4 )
J .  a g r i c .  S c i .  I 9 0 .

8 6 .  K a b le i s c h ,  W., Logan, V . S . ,  & W h ite ,  J.W. (1 9 5 2 )
D e p t ,  o f  A g r ic .  O ttaw a (Canada)
B u l l .  874 .

8 7 . Kane, E . A . , E ly ,  R .E . ,  J a c o b so n , W .C., &
Moore, L .A . (1 9 5 1 )
J .  D a ir y  S c i .  ( A b s t r . )  J 4 ,  4 9 2 .



88 .

89 .

90.

91 .

92 .

9 3 .

94 .

9 5 .

96.

97.

9 8 .

99 .

100.

1 0 1 .

Kane, S . A . ,  E l e y ,  R . S . ,  J a co b so n , W .C., &
Moore, L .A . (1 9 5 3 )
J .  D a ir y  S o i .  325*

Kane, E.A.> & J a c o b so n , W.C. (1 9 5 4 )
J .  D a ir y  S c i .  ( A b s t r . )  672 .

Kane, E .A . ,  J a co b so n , W .C ., E ly ,  R . P . ,  &
Moore, L .A . (1 9 5 3 )
J .  D a ir y  S c i .  6 3 8 .

Kane, E .A . ,  J a c o b so n , W .C., & Moore, L .A . (1 9 5 0 )
J .  D a ir y  S c i .  ( A b s t r . )  3 8 5 .

Kane, E .A . ,  J a c o b so n , W.C., & Moore, L .A . (1950 )
J .  N u tr .  W ,  5 8 3 .

Kane, E . A . , J a co b so n , Yif.G.-, & Moore, L .A . (1952.)
J .  N u tr .  42» 2 6 3 .

K e l ln e r ,  0 .  (1 9 1 2 )  ( c i t e d  by  P is sm e r  ( 5 0 ) )
D ie  Ernahrung d er  l a n d w i r t s c h a f t l i c h e n  

■ N u t z t i e r e  6 a u f .
Kernohan, J .T .  (1 9 4 7 )

J .  B r i t .  G r a s s l .  S o c .  2 ,  73*
K n o tt ,  J . C . ,  Hodgson, R .E . ,  & E l l i n g t o n ,  E .V . 

(.193k)
W ashington A g r ic .  Exp. S t a .  B u l l .  295* 

L a n c a s t e r ,  R .J .  (1 9 5 0 )
P r o c .  Ruakura Prm rs. C onf. W e l l in g to n ,
p .  U5*

L e o ic a s te r ,  R .J .  (195k)
New ï s a l a n d  J .  S c i .  T ech . ( S e c t .  A)
2 6 ,  1 5 .

L a n c a s t e r ,  R . J . ,  Coup, M .R., & P e r c i v a l ,  J .C .  

(1953 )
New Z ea lan d  J .  S c i .  Tech. ( S e c t .  A)

117*
L a r se n ,  C . , H ungerford , E .H . ,  & B a i l e y ,  D .E .

(191 7 )
S ou th  D akota  A g r ic .  Exp. S t a .  B u l l .  175* 

Lehmann, P . (1 9 2 7 )  ( c i t e d  by  P is sm e r  ( 5 0 ) )
A rch . G eflH g e lk  2 . A ls o  1941  
Z ts c h r .  T iernah ru ng . ( T r a n s la t io n
i n t o  F ren ch  b y  V o i s i n ,  A. (1 9 5 2 )  Annale  
de I ’ I n s t .  de l a  R ech erch e  Agron.
S e r i e  D No. 2 ) .

129,



102 . L e i t c h ,  I . ,  & Thompson, J .S .  ( 1944)  
j  N u tr . A b s tr .  R ev. 1 4 , 197*
|l03* Lineman, P . A . ,  Lowe, J . , & S t e w a r t ,  R.H. (1 9 3 2 )
I  J .  B r i t .  G r a s s l .  S o c .  7 ,  73*
I

|104. L lo y d , L .E . ,  s e e  Crampton, E .W ., L lo y d ,  L .E .

! (1 9 5 1 )
I J .  Nutr. h^, 1 9 .
| l 0 5 .  Lynch, P .B .  (1 9 4 7 )

N .Z . J .  S c i .  T ech . ( S e c t .  A) 2 8 ,  3 8 5 .
I1 0 6 . Lynch, P .B .  ( 1 9 5 1 )

P r o c .  N .Z . G r a s s l .  A s s o c .  1 3 th  C onf.  
W e ll in g to n ,  p .  1 84 .

1 0 7 . Lynch, P . B . ,  & U o u n t ie r ,  N .S .  (1 9 3 4 )
N .Z . J .  S c i .  Tech. ( S e c t .  A) 2 6 ,  375*

10 8 . M cHaffey, J . C . ,  H i l l e r ,  \ 7 . J . ,  D onker, J . D . ,  &
I D a lto n ,  H .L. (1 9 3 4 )
I J .  D a ir y  S c i .  ( A b s t r . )  2Z , 672 .
|109 . M cDougall, D . , & de Long, W.A. (1 9 4 8 )
I Canad. J .  R e s .  437*
IllO . McIntyre, G .A . (1946 )

R eport C o u n c il  S c i .  I n d u s t .  R es .  
A u s t r a l i a ,  p .  7 0 .

11 1 . M cNally, R .A . (1 9 4 2 )
Biochem. J .  392 .

112 . M ilk M arketing  Board (1 9 5 3 )
I n v e s t i g a t i o n  i n t o  t h e  econ om ics o f  
m ilk  p r o d u c t io n .  M .M .B., Thames 
D i t t o n ,  S u rrey .

1 1 3 * Moore, R .M ., B a r r i e ,  N . , K ip p s , E .H . ,  & M cIn tyre ,
G.H. (1 9 4 6 )
C o u n c i l  S c i .  & In d . R e s .  ( A u s t r . )
B u l l .  a ) l ,  p .  7 .

1 1 4 . Morgan, J .T .  (1 9 5 1 )
A s sn .  f o r  th e  S tudy  o f  A nim al B eh a v io u r  
L o n d . , 8 th  Jan . 1951*

1 1 5 * M orrison , P .B .  (194 8 )
P eed s  and F e e d in g ,  M orr ison  P u b l i s h in g  
C o .,  I t h a c a ,  New York.

1 1 6 . Moscrop, W .J. ( 1 8 7 2 )
P r o c .  R o y a l H igh la n d  and A g r i c .  S o c .
4 t h  S e r i e s  4 ,  15 6 .

1 3 0 .



|117 . Ne v e n s ,  W.B. (1944)
I U n iv . I l l i n o i s  A g r ic .  Exp. S t a .
I B u l l .  5 0 5 , 2 5 8 .
1 1 8 . N e v en s ,  W.B. (1 9 4 5 )

J .  D a iry  S c i .  2 8 ,  1 7 1 .
1 1 9 . New Z ea lan d  D e p t ,  o f  A g r i c u l t u r e  (1 9 4 9 )

R eport 1 9 4 8 /9  (Anim. R e s .  D i v i s i o n ) .
1 2 0 .  New Z ea lan d  D e p t ,  o f  A g r ic u l t u r e  ( 1951)

R eport 1 9 5 0 /1  (Anim. R e s .  D i v i s i o n ) .
1 2 1 . New Z ealand D e p t ,  o f  A g r ic u l t u r e  (1 9 5 2 )

R eport 1 9 5 1 /2  (Anim. R e s .  D i v i s i o n ) .
12 2 . N o l l e r ,  C .H .,  H i l l ,  D .L . ,  & L u n d g u is t ,  N .S .  (1 9 5 1 )

J . Anim. S c i .  1 0 ,  107 2 .
1 2 3 . O lo f s s o n ,  S .  ( 1 9 4 8 )

Svensk  V a l l - o  Morsken K v a r ta l s s k e r  
1 0 , 178 (H erbage A b s tr .  I g ,  7 7 1 ) .

1 2 4 . O ls s o n ,  N . , H ih le n ,  G . ,  & C a g e l l ,  W. (1 9 4 9 )
L afitb ru k sh og sk o l Husdgurf6*rs*dksantalt

1 2 5 . P a t e r s o n ,  R.H. (1 9 5 1 )
J .  R oya l S o c .  A r ts  XOIX, No. 4859-

1 2 6 . P azu r , J . H . ,  & de Long, W.A. (1 9 4 8 )
S c i .  A g r ic .  2 8 ,  39 .

1 2 7 . P e a r s a l l ,  W.H. (1 9 50 )
M ountains and M oorlands, C o l l i n s ,
London.

1 2 8 .  R a g sd a le ,  A .C . ,  Thon^son, H . J . ,  W o r s t e l l ,  D .M .,
& B rody, S .  (1 9 5 1 )
U n iv .  M isso u r i  R e s .  B u l l .  4 7 1 .

1 2 9 . Raymond, P .  (1 9 4 8 )
N a tu r e ,  I 6I , 937*

1 3 0 . Raymond, P . (1 9 5 4 )
J .  B r i t .  G r a s s l .  S o c .  g ,  6 1 .

1 3 1 . Raymond, P . ,  Kemp, C .D . ,  Kemp, A.V/., & H a r r is ,
C .S .  (1 95 4 )
J .  B r i t .  G r a s s l .  S o c .  8 9 .

1 3 2 . Raymond, P . ,  H a r r is ,  C .E . ,  & B a rk er , V.G. (1 9 5 3 )
J .  B r i t .  G r a s s l .  S o c .  8 ,  30 1 .

1 3 3 . R e id ,  J .T .  (1 952 )
P r o c .  6 th  I n t .  G r a s s l .  C o n g re ss ,
p .  1 3 3 4 .

131 .



132.

134 . R e id ,  J . T . , W o o lfo ik ,  P .G . ,  R ic h a r d s ,  E .R . ,
Kaufmaim, R .W ., L o o s l i ,  J . K . ,  Turk, 
K .L . ,  M i l l e r ,  J . T . , & B l a s e r ,  R .E.  
(1 9 5 0 )
J .  D a ir y  S c i .  22* 80 .

1 3 5 . R e id ,  J . T . , W o o lfo lk ,  P .G . ,  H a rd iso n , W .A .,
M artin , C .M ., Brundage, A .L . & 
Kaufmann, R.W. ( I 95I )
J .  D a ir y  S c i .  ( P r o c . )  2 4 ,  4 9 4 .

1 3 6 . R e id ,  J . T . , W o o lfo lk ,  p . G . , H a rd iso n , W .A.,
M artin , G. M. ,  Brundage, A . L . , & 
Kaufmann, R.W. (19 52 )
J .  N u tr .  4 6 , 2 5 5 .

1 5 7 . R itzm an , E .G . ,  & B e n e d ic t ,  E .G . (1 9 3 8 )
N u tr . P h y s i o l ,  o f  th e  A d u lt  Ruminant. 
C a rn eg ie  I n s t . ,  W ash ington , D .C .

1 3 8 . R ic h a r d s ,  C .R . ,  & R e id ,  J .T .  (1 9 5 2 )
J .  D a iry  S c i .  25* 59 5 .

1 3 9 . R ic h a r d s ,  C .R . ,  & R e id ,  J .T .  (1 953 )
J .  D a ir y  S c i .  2§* IOO6 .

1 4 0 . S chu rch , A . P . ,  L lo y d ,  L . E . , & Crampton, E.W.
( 1950)
J .  N u tr . 4 1 , 6 2 9 .

1 4 1 . S e t t e g a s t ,  H. (L868) ( c i t e d  b y  P is sm e r  ( 5 0 ) )
T ie r z u c h t .

1 4 2 . S go lleraa , B. (1 9 5 0 )
J .  B r i t .  G r a s s l .  S o c .  2* 1 7 9 .

1 4 3 . Skulm ow ski, J . ,  Szym ansk i, A . ,  & W y s z in s k i ,  T.

(1 9 4 3 )  -
Be. Landw. P o rh u n g sa n st  d e s  g e n e r a l  
gouvernem ents 1 ,  7 6 .

1 4 4 . Sm art, W.W.G., ( J n r . )  Sherwood, p .W .,  M atrong, G.
& W ise , G.H. ( 1 9 5 3 )
J .  Sc i. , ,  A g r i c .  Pood Chem. 1 ,  31 8 .

1 4 5 . Sm uts, D .B . ,  & M a ra is ,  J .S .C .  (1 9 4 0 )
O n d er ste p o o r t  J .  V e t .  S c i .  1 4 ,  403*

1 4 6 . S n e d e c o r ,  G.W. (1 9 46 )
S t a t i s t i c a l  M ethods. Iowa S t a t e  
C o l le g e  P r e s s .

1 4 7 . Snowden, I . J . ,  & de L ong , W.A. (1 9 4 9 )
S c i .  A g r ic .  2 g ,  4 0 9 .



133 .

|148. S tod d ard , G .E . ,  Bateman, G .R . , & Dew, H.L. (1 9 5 4 )  
I P r o c .  Y /est. D iv s n .  Amer. D a ir y  S c i .
j A s s o c . ,  p .  2 1 9 .
I D a ir y  S c i .  A b s tr .  (1 9 5 5 )  1 7 , 203 .
|149* S t o r r s  A g r i c u l t u r a l  E xperim ent S t a t i o n  (1 9 3 6 )
I B u l l .  214 ( r e p o r t  o f  D i r e c t o r ) .
1 5 0 .  Svoboda, H. (1 9 3 7 )  ( c i t e d  b y  P is sm e r  ( 5 0 ) )
i
' M i l c h s w i r t s c h a f t l l c h e r  \Y e ltk o n g ress
I B e r l i n  Bd. I . 5 . I 6 8 .
1 5 1 . Thomas, B . , & A rm strong, D.G# (1 9 5 0 )

J .  a g r i c .  S c i .  22* 335 .
{1 5 2 . Thomas, B . , & Arm strong, C.G. (1 9 5 3 )

J .  a g r i c .  S c i .  4^ , 2 2 3 .
1 5 3 . V i n a l l ,  H .N .,  & Sem ple, A .T . (1 9 3 2 )

J .  Amer. S o c .  A gron . 2 4 , 8 3 6 .
1 5 4 . V o i s i n ,  A. (1 9 5 2 )

A n n a le s  de 1^I n s t ,  de l a  Recherche
Agron. S e r i e  D No. 2 ,  p .  1 .

1 3 5 . W agner ,R .E ., H ein , H .A .,  Shepherd , J . B . ,  &
E ly ,  R .E . ( 1 9 5 0 )
J .  Amer. S o c .  A gron . 4 2 ,  4 8 7 .

1 5 6 . W a ite ,  R . , H olm es, \Y., C am pbell, J ea n  I . ,
P e r g u s so n ,  D .L . (1 9 5 1 )
J .  a g r i c .  S c i .  4 2 ,  39 2 .

1 5 7 . W a ite ,  R . , MacDonald, W .B ., & H olm es, W. (1 9 5 1 )
J .  a g r i c .  S c i .  4 i*  I 6 3 .

1 5 8 . Wardrop, J .C .  (1 9 5 3 )
B r i t .  J .  Anim. B eh . 1 ,  23*

1 5 9 . W atson, S . J .  (1 9 3 9 )
The S c i e n c e  & P r a c t i c e  o f  C o n se r v a t io n ;  
G rass and F orage  C rops . P e r t ,  and 
P e e d i n g s t u f f s  J . , London.

1 6 0 . W atson, S . J .  (1 9 4 8 )
P r o c .  B r i t .  S o c .  Anim. P r o d . , p .  7-

1 6 1 . Watson, S . J .  (1 9 4 8 )
N u tr .  A b s tr .  Rev. 1 8 ,  1 .

162.. W il l ia m s ,  S t e l l a  S .  (1 9 5 1 )
J .  B r i t .  G r a s s l .  S o c .  6 , 207.

1 6 3 . Y/oodman, H.E. (1 9 4 8 )
M in is t r y  o f  A g r i c .  and F i s h e r i e s ,  
London, B u l l .  4 8 .



134.

il64« Woodman, H .E . ,  E van s, R . E . , & Eden, A. (1 9 3 7 )
J .  a g r i c .  S c i .  2 7 ,  212 .

1 6 5 . Woodward, T .E . (1 9 3 6 )
J .  D a ir y  S c i .  I g ,  347*

| l 6 6 .  Woodward, T .E . (194 0 )
j P r o c .  Amer. S o c .  Anim. P r o d . ,  p .  4 7 .
1 6 7 . Woodward, T .E . , & M cNulty, J .B .  (1 9 3 1 )

U .S .  D ep t. A g r ic .  T ech . B u l l .  278 .  
j l6 8 .  W o o lfo lk ,  P .O . ,  R ic h a r d s ,  O .R . ,

M a rtin ,  C .M ., & R e id ,  J .T .  (1 9 5 0 )
J .  D a ir y  S c i .  ( A b s t r . )  2 2 ,  385*

1 6 9 . Y a t e s ,  P . ,  & Boyd, D.A. (1 9 4 9 )
A g r ic .  P r o g r e s s  2 4 , 1 4 .

1 7 0 . Y a t e s ,  p . ,  Boyd, D .A . , & P e t t i t t ,  G.H.N. (1 9 4 2 )
J . a g r i c .  S c i .  3 2 . 4 2 8 .



APPENDIX TABLE 1

Exp. 1: A verage cru d e  p r o t e i n  c o n t e n t s  o f

th e  h erb age  {%)
(T e x t  p . 1 9 )

155.

S t r i p  1 S t r i p  2 Mean

T r i a l  1 B e fo r e  g r a z in g  
A f t e r  g r a z in g

*
Consumed h erb age  
P lu c k e d  sa m p les

1 5 .2
1 1 .7
2 1 .3
1 8 .7

1 4 -1
1 1 .7
1 7 .6
1 7 .3

1 4 .7
1 1 .7  
1 9 .5  
1 8 .0

T r i a l  2. B e fo r e  g r a z in g  
A f t e r  g r a z in g

*
Consumed herbage  
P lu c k e d  sam p les

1 4 .1
1 0 .2  

1 9 .7  
1 6 .5

1 6 .5
1 1 .5
2 2 .5
1 7 .4

1 3 .3
1 0 .9  
2 1 .1
1 6 .9

The amount o f  cru de  p r o t e i n  consumed a s  a 
p e r c e n ta g e  o f  t h e  amount o f  dry  m a tte r  
consumed.



APPENDIX TABLE 2

Exp. 1; A n a l y s i s  o f  v a r ia n c e  o f  th e  r e s u l t s  
o f  two sa m p lin g  m ethods i n  T r i a l  1 

(T e x t  p . 20)

S o u rce d f MS P

Days 7 3 8 2 .8 5.7%
Methods 1 1 4 2 .0 2 .1
Cows 1 5 0 .5 -
Cow X method 1 5 . 0 —

Cow X day 7 6 .8
Method X day 7 1 2 0 .0 1 .8
E rror 7 6 6 .7

T o t a l 31 C o e f f i c i e n t
v a r i a t i o n

o f
= 33?^



APPENDIX TABLE 5 

(a )  Exp. 1: A n a l y s i s  o f  v a r ia n c e  o f  
in t a k e  e s t i m a t e s  made b y  
th e  *D i f f e r e n c e *  m ethod  
i n  e a ch  t r i a l  

(T e x t  p p . 2 1 , 2 3 )

T r i a l  1

Sou rce d f MS P

Days
Cows
E rror

8
1
8

7 1 .5  4.6%
9 3 .4  6 .0 *
1 5 .5

T o t a l 17 C o e f f i c i e n t  
o f  v a r i a t i o n  = 17^

T r i a l  2

Source d f MS P

Days
H e i f e r s
E rror

7
1
7

5 1 .2  2 .3  
0 .4  “

2 0 .5

T o t a l 15 C o e f f i c i e n t  
o f  v a r i a t i o n  = 32^

(b )  A n a ly s i s  o f  v a r ia n c e  o f  i n t a k e s
r y e g r a s s  and c o c k s f o o t  i n  T r i a l  

(T e x t  p . 2 4 )

on

S ou rce d f MS P

Cows 1 43* 6 2 .1 6
G r a sse s 1 2 8 2 .2 1 3 . 97“ '
Cow X g r a s s 1 0 . 1 -
E rro r 12 2 0 .2 -

T o t a l 15 C o e f f i c i e n t  
o f  v a r i a t i o n  = 20^



APPENDIX TABLE 4

TT, xp . 2: A verage d a i l y  m i lk  y i e l d  p e r  cow i n  e a c h
t r i a l  and a v e ra g e  l i v e w e i g h t  

(T e x t  p .  33)

Cow L iv e w e ig h t
( I h . )

Mean d a i l y  m i lk  y i e l d  ( l b . )  
T r i a l  1 T r i a l  2

1 1011 1 2 .5 0 . 0
2 889 3 0 .5 2 4 .5
3 1169 0 . 0 0 . 0

4 924 2 8 . 2 2 4 .9
3 847 1 9 .0 2 0 .9
6 889 3 0 .4 2 4 .7

Mean 955 2 0 .1 1 5 .8



APPENDIX TABLE 5

W eather c o n d i t i o n s  i n  Exp* 2 

( T e x t  p .  34 )

A l l  w e a th e r  o b s e r v a t i o n s  w ere made a t  9 a .m .
G reenw ich  t im e

R a i n f a l l
( i n . )

D i r e c t
s u n l i g h t

( h r . )
R.H.
(9&)

Maximum
tem p er a tu r e

( o p )

D a te  1 May 52 67 57
2 0 . 0 1 1 1 .2 66 43
3 0 .0 5 1 . 2 70 42
4 0 .0 1 — 83 44

3 t r . 98 47
6 0 . 4 4 1 . 7 71 43

T r i a l  7 t r . 7 . 5 78 38
1 8 0 . 5 2 2 . 1 58 39

9 0 .0 1 0 . 9 69 50
10 0 .0 5 3 . 1 79 4 6

11 0 . 2 6 88 54
12 — 5 . 2 82 58
13 0 .0 1 1 0 .6 70 63
14 t r . 0 . 6 88 66
15 — 7 . 8 81 67
16 — 1 0 .9 71 73

17 1 2 .0 78 71
18 - 1 3 .2 76 73
19 - - 92 63

T r i a l  20 - 0 . 6 88 62
2 21 0 . 9 66 61

22 - 2 . 3 78 65

23 1 3 .0 80 64
24 1 1 . 3 74 62
25 t r . 1 0 .1 77 60
26 - 2 . 3 92 60
27 0 .0 1 — 8 2 55

Mean T r i a l  1 0 . 0 2 2 . 6 76 44

Mean T r i a l  2 - 4 . 8 80 66



APPENDIX TABLE 6

Exp. 2: D ry m a tter  y i e l d s  p e r  a c re  in  e a c h  p l o t  ( l b . )
(T e x t  p . 34 )

Cows

Days 1 2 3 4 5 6 Day Mean

T r i a l  1 
1 
2

3
4
5
6

2302
2488
2402
2226
2608
3276

2732
2578
2280
2220
2758
3066

2398
2098
2362
2956
2758
3410

2020
2144
2 434
2800
2700
2588

2198
2 4 3 2
2568
2320
2492
3274

2300
2 122
2482
2722
2606
2798

2325
2310
2421

2541
2654
3069

Cow Mean 2550 2606 2664 2448 2548 2505 2553

T r i a l  2 
1 
2

3
4
5
6

3618
3268
4126
4600

4024
4390

3600
3544
4148
4228
3554
3 9 6 2

3 4 2 2 .

3504
4086
4470
3690
3768

3492
3638
4 5 9 2
4426

3714
3554

3684
3668
3708
3910
4454
4030

3490
3668
4258
4 1 3 6
3994
3810

3551
3548

4153
4 295
3 905
3919

Cow Mean 4 004 3839 3823 3903 3909 3893 3895

Mean
b o th
t r i a l s

3277 3 2 2 3 3244 3176 3239 3199 3224
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Exp. 2: Crude p r o t e i n  c o n t e n t s  o f
c o m p o s ite  herb age  sa m p les  {%) 

(T e x t  p . 35)

T r i a l  1 T r i a l  2

8 . 8 1 5 .3
9 . 6 1 5 .1
9 . 6 1 8 .0

8 . 5 1 9 .9

Mean 9 . 1 1 7 .1
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)xp. 2: Amounts o f  dry m a tte r  in  ea ch  p l o t  ( l b . )
(T e x t  p . 3 6 )

Cows

Days 1 2 3 4 5 6 Day Mean

T r ia l  1 
1 
2 

3 
k  
3 
6

k l - 3
4 5 .2  

U 3 .7
3 8 .2

3 5 .7
3 6 .8

5 1 .8  
4 2 .1
4 0 .4
3 7 .6

3 8 .5
4 0 .9

4 5 .5
3 9 .1
4 1 . 8
3 4 .7
3 7 .7
3 7 .7

3 8 . 6
3 9 .0
4 3 .0
4 3 .2
3 3 .2
2 9 .1

4 2 .8  

4 5 .3
43*6
3 7 .0
3 4 .8
4 4 .8

4 5 .0
3 7 .6
4 3 .2  

3 8 .9
3 8 .2

3 4 .5

4 4 .2  

4 1 .4  
4 2 .6

3 8 . 3
3 6 .4  
3 7 .3

Cow Mean 4 0 . 2 4 1 - 9 3 9 .4 3 7 .7 4 1 .4 3 9 .6 4 0 .0

T r ia l  2 
1 
2  

3 
k  
3 
6

3 3 .5
2 6 .5  
2 9 .0
3 2 .8
2 7 .8  

4 1 .7

3 2 .1
3 2 .2
3 0 .2  
2 4 .0  

2 8 .7
3 7 .2

3 3 .7
2 8 .9
2 5 .3
2 9 .1
3 0 . 5
3 1 .1

3 2 .9
2 6 . 6
3 2 .1
3 6 .1
2 7 .7
3 5 .2

3 0 .8
3 1 .5
2 4 .5  
3 0 .3
3 3 .6  
3 5 .2

3 4 .2

3 2 .5
2 6 .3  
3 0 .1
3 2 .5
3 6 .6

3 2 .9  
2 9 .7
2 7 .9  
3 0 .4
3 0 .1
3 6 .2

Cow Mean 3 1 .9 3 0 .7 2 9 .8 3 1 .8 3 1 .0 3 2 .0 3 1 .2

Mean
b o th
t r i a l s

3 6 .9 3 6 .3 3 4 .6 3 4 .8 3 6 .2 3 5 .8 3 5 .6



APPENDIX TABLE 9

Exp. 2; A n a ly s e s  o f  v a r ia n c e  o f  h erb ag e  
dry m a tte r  w e ig h t s  p e r  p l o t  

(T e x t  p .  3 6 )

( a )  S e p a r a te  a n a ly s e s  o f  e a c h  t r i a l

Sou rce d f
T r i a l  1 T r i a l  2

MS P MS P

Cows 5 1 3 .7 0 1 .9 6 4 .5 8 0 .9 0
Days 5 5 9 .2 0 5 0 .8 0 9 . 96%%
S t r i p s 5 3 3 .5 0 4 . 79%% 2 7 .5 0 5 . 39^
E r ro r 20 6 .9 9 5 .1 0

T o t a l 35 c.v. = 1% C.V. = 1%

(b )  J o i n t  a n a l y s i s  o f  b o t h  t r i a l s

Source d f ' MS P

Cows 5 6 .9 4 1 .3 4
Days w i t h i n  

t r i a l s 10 5 5 .0 2 1 0 . 62* *
S t r i p s

w i t h i n
t r i a l s

10 3 0 .4 8 5 . 88* *

T r i a l s 1 1 4 0 2 .3 0 2 7 0 . 70* *
Cow X t r i a l 5 1 8 .2 4 3 . 52* *
E rro r 40 5 .1 8 -

T o t a l •71 C.V . = 6^
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Exp. 2: D a i ly  f r e s h  h erb age  in t a k e s  p e r  cow ( l b . )
(T e x t  p . 37)

Ch
Cows

Days 1 2 3 4 5 6 Day Mean

T r i a l  1
1 1 4 2 164 159 151 2 2 2 192 1 7 2
2 114 ^185 132 168 130 122 142

3 140 69 159 1 9 2 149 104 136
4 96 188 113 143 86 147 129
5 150 104 202 173 128 167 154
6 163 149 13 2 174 169 161 158

Cow Mean 143 134 150 167 147 149 148

T r i a l  2 ‘

1 163 170 146 193 183 173 171
2 155 119 152 138 177 157 150

3 138 195 103 127 85 138 131
4 180 1 3 2 170 143 148 164 156

5 180 171 1 6 2 167 200 193 179
6 1 9 2 155 123 129 159 151 1 5 2

Cow Mean 157 168 143 150 159 163 156

Mean
b o th
t r i a l s

150 151 146 158 153 156 1 5 2
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Exp. 2; A n a ly s e s  o f  v a r ia n c e  o f  f r e s h  
h e rb a g e  in t a k e s  

(T e x t  p . 37 )

( a )  S e p a r a te  a n a l y s i s  o f  ea ch  t r i a l

Source d f
T r i a l 1 T r i a l  2

MS P MS P

Cows 5 685*4 1 5 1 8 .6 2 .2 3
Days 3 1 5 0 8 .6 1 .2 6 1 7 2 7 .6 7 . 4 4 %%%
S t r i p s 5 9 6 5 .4 - 1 7 8 1 .6 7 . 65%%%
E rro r 20 1 1 9 6 .0 - 2 3 2 .8 -

T o t a l 35 C .V . =- 23^ C.V. = lO/Q

( b ) , J o i n t  a n a l y s i s  o f  b o t h  t r i a l s

Source d f
B oth  t r i a l s

MS F

Cows 5 2 2 0 .6 —

Days w i t h i n  
t r i a l s 10 1 6 8 1 .1 3 . 47^

S t r i p s
w i t h in
t r i a l s

10 1 3 7 3 .5 2 . 94*

T r i a l s 1 1 1 8 5 .0 2 . 54^
Cow X t r i a l 5 9 6 3 .4 2 .0 6
E rror Uo 4 6 7 .0 -

T o t a l 71 C . v .  = 14%
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Exp. 2: R e g r e s s io n  o f  dry  m a t te r  in t a k e  ( y )  on
dry m a tte r  y i e l d s  p e r  a c r e  ( x )

(T e x t  p . 3 8 )

(a )  C o r r e l a t i o n  and r e g r e s s i o n  c o e f f i c i e n t s

Sx^ Sxy Sy^ N b r

T r i a l  1 
T r i a l  2

4 , 0 6 6 ,7 2 2
4 , 6 1 9 ,3 6 4

2 1 , 3 4 4 .4
1 9 , 5 3 4 .1

5 5 5 .1  
4 5 6 .6

36
36

0 .0 0 5 3
0 .0 0 4 2

0 . 449%%
0 . 425%%

(b )  The s i g n i f i c a n c e  o f  th e  r e g r e s s i o n  e s t i m a t e

S ou rce d f MS P

T r i a l  1 R e g r e s s io n 1 1 1 2 .0  8 .6 * *
R e s id u a l 34 1 3 .0

T o t a l 35 Stan d ard  d e v i a t i o n  7 . 3

T r i a l  2 R e g r e s s io n 1 8 2 .6  7 . 51^
R e s i d u a l 34 1 1 .0

T o ta l 35 S ta n d a rd  d e v i a t i o n  6 .7
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:xp. 2; A n a ly s is  o f  c o v a r ia n c e  ( T r i a l  2)  d ry  m a tte r  y i e l d s
p e r  a c r e  ( x ) ,  w ith  d ry  m a tte r  in ta k e  ( y )

(T e x t p . 39 )

S ou rce d f 2SX^ Sxy Sy^ 88 d f MS

T o t a l
Cows

35
5

4 , 6 1 9 ,3 6 4
1 2 2 ,6 9 3

1 9 5 3 4 .1
4 5 0 8 .6

4 5 6 . 6  

1 7 9 .3

3 7 4 .0 34

W ith in
cows 30 4 , 4 9 6 , 671 1 5 0 2 5 .5 2 7 7 .3 2 2 7 .1 29 7 .8 3

C o r r e c te d  88 f o r  d i f f e r e n c e s  b e tw e e n
cows = 1 4 6 .9 5 2 9 .3 8

P = 3 . 75%%

APPENDIX TABLE 14

E xp. 2: A n a l y s i s  o f  c o v a r ia n c e  ( T r i a l  2)»  h erb age
d ry  m a t te r  c o n t e n t s  ( x ) ,  w i t h  d ry  m a t te r  
in t a k e  ( y )

(T e x t  p . 39 )

(V a lu e s  f o r  d ry  m a tte r  p e r c e n t a g e  g iv e n  th e  
t r a n s fo r m a t io n  o f  B l i s s  (S n e d e c o r ,  146)

d f Sx^ Sxy 8y2 88 d f MS

T o t a l
Cows

35
5

5 9 .1
9 .6

5 4 .2
3 3 .2

4 5 6 .6  

1 7 9 .3
4 0 6 .9 34

Y /ith in
cows 30 4 9 .5 2 1 .0 2 7 7 .3 2 6 8 .4 . 29 9 .2 5

C o r r e c te d  88 f o r  d i f f e r e n c e s
b e tw e en  cows = 1 3 8 .5 5 2 7 .7 0

P =  2.99%



APPENDIX TAELS 15

Exp. 2: B eh av iou r  i n  T r i a l  2

(T e x t  p . 40)

(The number o f  hou rs  sp e n t  i n  v a r io u s  a c t i v i t i e s  on 1 6 / 5 / 5 2 )

Cov/s G razin g
S ta n d in g

i d l i n g
(L oafing)

L y in g

T o t a l  t im e  
s p e n t  

r u m in a t in g  
w h i le  l y i n g  
o r  s t a n d in g

T o t a l
o b s e r v a t io n

t im e
( h r . )

R a t io  r t  
g t

1 8 . 4 2 . 3 9 . 9 6 .6 2 0 .6 0 .7 9

2 9 . 5 2 . 0 9 . 1 4 . 8 2 0 .6 0 .5 1

3 6 .7 2 .0 1 1 .9 7 . 2 2 0 .6 1 .0 8

4 8 . 4 1 . 7 1 0 .5 4 . 8 2 0 .6 0 .5 7

5 6 .9 3 . 6 1 0 .1 4 . 6 2 0 .6 0 .6 7

6 7 . 6 2 . 3 1 0 .7 3 . 5 2 0 . 6 0 .4 6

Mean 7 . 9 2 . 3 1 0 .4 5 . 3 2 0 .6 0 .6 8

* * 0 1 o se —
f o l d i n g 9 .0 2 .9 9 . 8 2 1 .7

* * R o ta t io n
g r a z in g 7 . 3 2 .0 1 2 . 2 - 2 1 .5

*
r t  =  r u m in a t in g  t im e ;  g t  = g r a z in g  t im e .

= in c lu d e d  f o r  co m p arison , from  W a ite ,  MacDonald and 
Holmes ( 1 5 7 ) .



APPENDIX TABLE l 6

D e t a i l s  o f  th e  cows u sed  i n  E xp er im en t 5 
(T e x t  p . 45)

Cow
D ate  o f  l a s t  

c a lv i n g
D a te  o f  n e x t  

c a l v i n g
A verage  d a i l y  

m ilk  y i e l d *  
( I D . )

L iv e w e ig h t
( l b . )

1 7 . 1 0 . 5 1 1 2 . 1 0 .5 2 dry 1309

2 1 0 .1 0 .5 1 6 . 1 0 .5 2 1 0 .1 1197

3 27 . 3 .5 2 2 2 . 3 .5 3 1 9 .6 1140

4 2 3 . 3 .5 2 1 8 .  3 .5 3 2 6 .1 1192

❖
f o r  th e  week p r e c e d in g  th e  e x p e r im e n t



APPENDIX TABLE 17

W eather c o n d i t io n s  d u r in g  E xp erim en t 3 
(T e x t  p . 4 6 )

D ate R a i n f a l l
( i n . )

D ir e c t
s u n l ig h t

( h r . )

R .H .
(^ )

Max.
tem p.
(^F )

P e r io d  1
J u ly  21 0 .0 2 — 95 62

22 — 3 .2 94 59
23 mt 8 .2 77 61
24 1 3 .9 81 65

23 1 .8 83 64
26 — 6 .8 84 58
27 — 8 .9 69 55
28 — 9 .2 68 56

P e r io d  2
J u ly  29 0 .0 4 2 .7 70 57

30 t r . 9 .2 . 81 58
31 0 .2 1 4 .1 86 57

Aug. 1 0 .2 8 3 .2 89 56

2 0 .9 3 0 .7 82 58
3 0 .4 5 3 .1 96 54

p e r io d  3
Aug. 4 0 .2 3 2 .5 87 57

5 — 9 .8 86 56
6 0 .4 9 8 .8 77 60
7 0 .4 9 •**- 91 57

8 0 .2 2 3 .4 93 61
9 0 .1 2 — 92 57

10 0 .0 2 9 .8 . 83 60

P e r io d  4
Aug. 11 0 .6 3 0 .6 : 87 60

12 0 .2 2 5 .4 87 62
13 0 .4 9 4 . 6 84 59
14 - — 6 .4 91 56



APPENDIX TABLE 18

Exp. 3: A n a ly s i s  o f  v a r ia n c e  o f  dry  m a tte r
y i e l d s  p e r  a c r e

(T e x t  p . 47 )

S ou rce d f MS P

B etw een p e r io d s 3 7 ,7 4 4 ,2 1 9 3 9 .6 * * *
G ra sse s 1 8 ,3 9 5 ,9 7 7 4 2 .9 “ “
P e r io d s  ( 1 + 2 ) -  

(3 + 4 ) 1 1 4 ,7 4 4 ,6 4 0 7 5 .4 * * *
Rem ainder 1 8 2 ,0 4 1

W ith in  p e r io d s 60 1 9 5 ,5 8 9
Cows 3 1 6 2 ,7 1 2 1 .2 6
Cow X g r a s s 3 7 ,2 6 2
CoYf X p e r io d 9 1 0 8 ,8 7 5
Days w ith in  

p e r io d s 12 4 0 9 ,6 8 1 3 . 1 7 “ '
S t r ip s  w it h in  

p e r io d s 12 4 1 7 ,6 4 6 1 .6 8
E rror 21 1 2 9 ,4 1 1

T o ta l 63 C o e f f i c i e n t
v a r ia t io n

o f
= 133
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Exp. 3: Amounts o f  h erb age  dry  m a tte r  p e r  p l o t  ( l b . )
(T e x t  p . 4 7 )

Cow 1 Cow 2 Cow 3 Cow 4 Day Mean

P e r io d  1 Day 1 3 5 .1 5 5 . 5 5 8 .7 4 5 . 4 4 3 . 7
2 5 2 .7 4 6 .6 7 2 .5 5 6 .1 5 7 .0

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

Cow Mean 4 9 .0 5 9 .5 5 3 .8 5 6 .0 5 4 .6

P e r io d  2 Day 1 5 5 .7 5 2 .8 5 4 . 3 4 5 . 9 5 2 . 2
2 5 0 .2 6 4 .8 5 0 .2 3 7 .7 5 0 .7
3 4 9 .4 5 1 .7 5 6 .7 5 6 .5 5 3 .6
4 6 4 .0 5 3 .1 6 0 .7 6 0 .6 5 9 .6

Cow Mean 5 4 .8 5 5 .6 5 5 .5 5 0 . 2 5 4 .0

P e r io d  3 Day 1 1 0 3 .2 8 0 .4 9 0 .3 6 4 .3 8 4 .6
2 8 4 .3 8 1 . 3 8 4 .7 7 6 .4 8 1 .7
3 8 1 .2 7 0 .8 8 8 .4 8 3 .4 8 1 .0
4 5 4 .3 5 1 .5 5 8 .5 6 1 .1 5 6 .6

Cow Mean 8 0 .8 7 1 .0 8 0 .5 7 1 .3 7 5 .9

P e r io d  4  Day 1 4 6 .7 5 0 . 7 6 1 .3 5 4 .1 5 3 .2
2 9 0 .6 1 1 2 .7 7 3 .7 8 1 .1 8 9 .5
3 6 9 .1 6 3 .3 6 0 .5 6 1 .3 6 3 .6
4 6 5 .3 6 8 .7 7 9 .3 5 9 .8 6 8 .3

Cow Mean 6 7 .9 5 3 .9 6 8 .7 6 4 .1 6 8 .6

Grand Mean 6 3 .1 6 5 .0 6 4 .6 6 0 .3 6 3 .3



APPENDIX TABLE 20

!xp. 35 A n a ly s is  o f  v a r ia n c e  o f  th e  am ounts o f  
herb age d ry  m a tte r  p e r  p l o t  ( I h . )

(T e x t  p .4 8 )

d f MS F

B etw een  p e r io d s 3 1 8 6 3 .8 8 1 1 . 65***
G r a sse s 1 2 4 1 .7 7
P e r io d s  (1 + 2 ) - (3 + 4 ) 1 5 1 6 9 .6 1 3 2 . 30 ***
Rem ainder 1 1 8 0 .2 6

W ith in  p e r io d s 60 1 6 0 .0 6
Cows 3 6 9 .6 1
Cow X G ra sse s 3 2 6 .3 1
Cow X p e r io d s 9 7 3 .1 4 3 . 04 * *
Days w it h in  p e r io d s 12 5 5 7 .5 0 2 3 . 20***
S t r i p s  w ith in  

p e r io d s 12 1 2 1 .9 2 5 . 0 8 * * *
E rror 21 2 4 .0 2

T o ta l 63 C .V . =  m
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E xp. 1: Sam ples o f  crude p r o t e in  c o n te n t s
(% o f  d ry  m a tte r )

( T e x t  p .U 8 )

P l o t s O .P . {%)

p e r io d  1 ,  Day 1 ,  P lo t  1 1 4 .6
k  k 1 2 .0

Mean 1 3 .3

P e r io d  2 , Day 1 , P lo t  2 1 0 .4
2 3 1 2 .0

3 1 1 0 .3
U k 1 2 .6

Mean 1 1 .3

P e r io d  3 ,  Day 1 , P lo t  2_ 1 2 .2
1 3 1 0 .8

3 1 9 . 6

3 k 1 0 .2
k 3 8 . 5

Mean 1 0 .3

P e r io d  4 ,  D ay 1 ,  P lo t  1 1 0 .4
2 k 1 0 .0
3 2: 1 0 .1

k  3 9 . 4

Mean 1 0 .0



APPEimiX TABLE 22

Exp. 3: R e g r e s s io n  o f  d ry  m a tte r  in t a k e  (y )
on dry  m a tte r  p e r  p l o t  (x )

(T e x t  p . 5 2 )

Sx^ Sxy Sy^ L N

1 3 , 1 9 4 .9 6 3 1 7 .0 1 3 , 1 9 4 .9 0 .4 1 6 64

A n a ly s is  o f  v a r is ince

S ou rce d f MS P

R e g r e s s io n
R e s id u a l

1
62

2 6 2 6 .2

3 7 . 1
4 3 .9 8 ^ ^

T o ta l 63 S ta n d a rd  d e v ia t io n  = 8 .0

APPEimiX TABLE 25

Exp. 3 : R e g r e s s io n  o f  d ry  m a tte r  in t a k e  ( y )
on dry m a tte r  y i e l d  p e r  a c r e  ( x )  

(T e x t  p . 3 2 )

Sx^ Sxy 8y2 Td N

3 4 , 9 6 7 ,9 9 6 2 6 1 , 6 3 3 .1 6 , 1 6 6 .6 0 .0 0 7 3 64

A n a ly s is  o f  v a r ia n c e

S ou rce d f MS P

R e g r e s s io n
R e s id u a l

1
62

1 9 3 7 .6

6 7 .9

2 8 . 8 " ^

T o ta l 63 S ta n d a rd  d e v ia t io n  = 8 .2
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Exp. 3: R e g r e s s io n  e s t im a t e s  f o r  r a te  o f
l iv e w e ig h t  in c r e a s e  ( y )  on  d ays (x )  

(T e x t  p . 5 3 )

(a )  D u ring  th e  p e r io d  1 s t  May t o  3rd  S e p t .  1952

Sx^ Sxy 8y2 "b

Cow 1 1 0 ,3 7 5 1 5 ,5 7 1 2 7 ,2 5 0 1^5qXxx

Cow 2 1 0 ,3 7 5 1 5 ,3 6 0 2 3 ,7 8 8 1.48™ %

J o in t
r e g r e s s io n 2 1 ,7 5 1 3 0 ,9 3 1 7 3 ,4 2 7 1.42™ %

Cow 3 1 0 ,3 7 5 1 1 ,3 9 4 I 4 , 6 l 6 1.10% ™
Cow 4 1 0 ,3 7 5 6 ,3 2 7 5 ,7 8 1 0.61%

J o in t
r e g r e s s io n 2 1 ,7 5 1 1 7 ,7 2 1 1 7 ,7 2 1 0 .8 2

T o ta l
r e g r e s s io n 4 3 ,5 0 2 4 8 ,6 5 2 9 1 ,1 4 8 -

(b )  D u rin g  th e  p e r io d  l 6 t h  J u ly  to  3rd  S e p t .  1952

Cow 1 1314 147 837 1 .1 2 (N S )
Cow 2 1314 1908 3377 1 .4 5 (N S )

Cow 3 1314 725 4 7 0 0 .5 5 (N S )
Cow 4 1314 -2 8 0 4 2 3 -0 .2 1 (N S )
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E xp. 3: S ta r c h  e q u iv a le n t  r e q u ir e m e n ts  f o r  cows
3 and 4  i n  P e r io d  1 a c c o r d in g  to  
Woodman ( I 6 3 ) s ta n d a r d s  ( I h ./c o w /d a y )  

(T e x t  p . 54 )

R equirem ent Cow 3 Cow 4

M aintenance 6 .6 6 .8
I n c r e a s e  in  w e ig h t 2 .0 2 .0
G ra z in g  a c t i v i t y 1 .0 1 .0
M ilk  p r o d u c t io n 4 . 8 2 .8

T o ta l  req u irem en t 1 4 .4 1 2 .6

/ynount consum ed 1 4 .7 1 4 .9

APPENDIX TABLE 26

D e t a i l s  o f  th e  cows u se d  i n  E xp erim en t 4  
(T e x t p . 5 8 )

Cow Cow 1 Cow 2 Cow 3 Cow 4

D a i ly  l iv e w e ig h t  
in c r e a s e  ( l b . )

1 .1 7 1 .3 3 -0 .1 9 (N S ) 0 .8 1 (N S )

Mean l iv e w e ig h t  d u r in g  
th e  exp erim en t ( l b . )

1092 1096 1048 1053

A verage d a i l y  m ilk  
y i e l d  ( l b . ) »

7 . 9 1 9 .1 4 2 . 6 2 7 .6

D a te  o f  l a s t  c a lv in g 1 2 - 1 0 -5 2 6—1 0 —52 1 0 - 5 -5 3 1 2 -5 -5 3

D a te  o f  n e x t  c a lv in g 9 -1 2 -5 3 23- 9 -5 3 1 4 —4 —54 23- 4 - 5 4

= f o r  th e  week p r e c e d in g  th e  e x p e r im e n ta l  p e r io d .  

NS =- N ot s t a t i s t i c a l l y  s i g n i f i c a n t .
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Exp. 4 : R e p r e s s io n s  o f  l iv e w e ig h t  in c r e a s e
( y )  on  days (x )

(T e x t  p .  5 9 )

Cow Sx^ Sxy Sy^ b N

1 6712 7842 9 5 4 2 1 .1 7 ™ = 8
2 6712 9 0 3 2 1 3 ,9 6 4 1 . 35^ 8

3 2899 -5 4 8 817 - 0 .3 9 6

4 2899 2342 4 489 0 .8 1 6

APPENDIX TABLE 28

E xp. 4: The r e q u ir e m e n ts  o f  t h e  cow s f o r
s t a r c h - e q u i v a l e n t  ( I h . / c o w /d a y )  

(T e x t  p .  5 9 )

Cow 1 Cow 2 Cow 3 Cow 4

F or m ain ten an ce 6 .3 5 6 .4 0 6 .2 0 6 .2 0
F o r  e x p e c te d  d a i l y  

l iv e w e ig h t  g a in 2 .9 3 3 .3 8 0 .0 0 2 .0 3
F or mean m ilk  y i e l d 2 .1 6 4 . 1 5 5 . 6 5 9 .8 0

T o ta l  req u irem en t 1 1 .4 4 1 3 .9 3 1 1 .8 5 1 8 .0 3

S ta n d a r d s  u s e d  (Woodman, 1 6 3 ) :  6 I h .  S .E ./lO O O
I h .  l i v e w e i g h t  
m a in te n a n c e
2 . 5  l b .  S . E . / l b .  
l i v e w e i g h t  g a in
2 . 5  l b .  S . E . / g a l .  
o f  m ilk



APPENDIX TABLE 29

Exp. 4 : Dry m a tte r  y i e l d s  p e r  a c r e  ( l b . )
( T ex t p . 6 0 )

Cows Cow 1 Cow 2 Cow 3 Cow 4 D a i ly  Mean

Day 1 2345 2092 2566 2657 2415
2 2983 2884 2779 2886 2883
3 3154 2355 2922 3130 2890

4 3031 3013 3018 2355 2854
3 3110 3044 2699 3163 300 4

Mean 2925 2678 2797 2838 2809
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E xp. 4 ; D ry m a tte r  p e r  p l o t  f o r  e a ch
cow on e a c h  d ay  ( I h . )

(T e x t  p . 61)

Cows Cow 1 Cow 2 Cow 3 Cow 4 D a i ly  Mean

Day 1 4 8 .3 4 4 . 4 4 1 . 2 4 3 .0 4 4 .2
2 5 6 .7 5 5 .9 5 4 .6 5 7 . 2 5 6 .1

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

Mean 5 5 . 2 4 8 .4 5 3 .6 5 2 .9 5 2 .5

A n a ly s is o f  V a r ia n c e

S ou rce d f MS P

Days 4 9 1 .9 5 . 5 4 =
Cows 3 4 2 . 9 2 .5 9

b e tw een  p a ir s 1 1 0 .7 -
w ith in  p a ir s 2 5 9 .1 3 .5 6

S t r ip s 3 4 7 . 2 2 .8 4
E rror 9 1 6 .6 -

T o ta l 19
C o e f f i c i e n t  o f  

v a r i a t i o n  =  d>%



APPENDIX TABLE 51

E xp. 4 : Dry m a tte r  c o n te n t  o f  h erb age
b e fo r e  g r a z in g  (%)

(T e x t  p . 6 1 )

Cows Cow 1 Cow 2 Cow 3 Cow 4 D a i ly  Mean

Day 1 2 5 .0 2 2 .7 1 8 .7 1 7 .0 2 0 .9
2 2 2 .7 2 1 .7 2 3 .7 2 2 .0 2 2 .5
3 2 4 .3 2 7 .7 2 4 .0 2 4 . 3 2 3 .1
4 2 3 .3 2 4 .0 2 3 .7 2 7 .0 2 4 .5
5 2 7 .0 2 5 .0 2 8 .3 2 5 .7 2 6 .5

Mean 2 4 .3 2 4 .2 2 3 .7 2 3 . 2 2 3 .9



APPENDIX TABLE 32

Exp. 4r F r e sh  h erb age  in ta k e  ( I L ./c o w /d a y )
(T e x t  p . 6 3 )

Cows Cow 1 Cow 2 Cow 3 Cow 4 D a i ly  Mean

Day 1 
2  

3 
k 
5

83
133
115
105

62

76

133
108

133
77

166
136

133
173
110

172
17 2
136

137  
128

1 2 7 .3
1 5 3 .3
1 2 3 .0

1 3 7 .3  
9 4 .3

Mean 1 0 2 .0 1 0 9 .8 1 4 7 .6 1 4 9 .0 1 2 7 .1

A n a ly s is  o f  v a r ia n c e

S ou rce d f MS F

Days 4 1 9 0 1 .0 3 . 4 2 ^
Cows 3 3 0 4 8 .7 8 . 69%%

b etw een  p a ir s 1 8 9 8 8 .8 2 5 . 67%™
w it h in  p a i r s 2 7 8 .6 -

S t r ip s 3 4 1 3 .6 1 .1 8
E rror 9 3 3 0 .9 -

T o ta l 19 C o e f f i c i e n t  o f
v a r i a t i o n  = 15^



APPENDIX TABLE 33

Exp. 4 :  Dry m a tte r  c o n te n t  o f  h erb a g e  c o n sm e d  {%)
(T e x t  p . 6 3 )

Cows Cow 1 Cow 2 Cow 3 Cow 4 D a i l y  Mean

D ay 1 2 1 .5 1 7 .1 1 5 .9 1 2 .0 1 6 .6
2 1 4 . 2 1 4 .3 1 6 .8 1 7 .0 1 5 .6

3 1 4 .7 2 4 .4 1 7 .4 1 8 .4 1 8 .7
4 1 4 . 3 1 8 .6 1 9 . 2 1 7 .1 1 7 .3
5 2 2 .1 2 4 ,6 2 6 .0 2 3 .8 2 4 .1

Mean 1 7 . 4 1 9 .8 1 9 .1 1 7 .7 1 8 .5

APPENDIX TABLE-3 4

D e t a i l s  o f  th e  cows u se d  I n  E xp erim en t 3  
(E xp . 3 b egan  on 2nd J u ly  1954}

(T e x t  p .  7 1 )

Cows
I n i t i a l

l iv e w e ig h t
( l b . )

A verage
l iv e w e ig h t

( l b . )

D a te
c a lv e d

D a i ly  
m ilk  y i e l d  

( l b . )
L a c t a t io n

Group A 1 1108 1143 2 6 . 2 .5 3 3 4 .8 8

2 1087 1085 2 9 . 3 .5 3 3 5 .6 5
3 1055 1029 2 8 . 3 .5 3 3 1 .2 4
4 1057 1 1 0 b ^1 8 . 3 .5 3 1 9 .3 6

Mean 1077 1167 1 8 . 3 .5 3 3 0 .2 5 . 8

Group B 5 1130 1158 2 6 . 2 .5 3 3 2 .5 8
6 914 1019 1 2 . 3 .5 3 3 5 .5 4
7 1050 1085 2 7 . 3 .5 3 3 1 .2 3
8 1088 1078 2 2 . 3 .5 3 3 2 .0 7

Mean 1043 1085 2 2 . 3 . 5 3 3 2 .8 5 . 5

R e s e r v e  
cow  9 993 1 0 0 2 5 . 3 .5 3 3 2 .4 7

( m i lk  y i e l d s  a r e  th e  a v e r a g e  o f  s e v e n  d a y s  p r e c e d in g  t h e  p r e lim in a r y  
p e r io d .  I n i t i a l  l i v e w e i g h t  on  1 5 th  J u n e . A v era g e  l i v e w e i g h t  
from  t h a t  and a s u b s e q u e n t  8 w e ig h in g s  o n e  b e fo r e  and o n e  a f t e r  e a c t  
e x p e r im e n ta l  p e r io d )



APHüimiX TABLE 33

Weather co n d itio n s durlnp; Experiment 5
(an  8 th  day was added to  period  3 fo r  

hehavlonr ob serva tion s)
(T ext p . 73)

R a in fa ll
( in . )

D ir e c t  
s im lig h t  

(h r . )
R.H.
m

Maxira-um
teirperature

t ° P .)

Period  1
Day 1 2 .2 97 66

2 — 0 .9 87 66
3 — 1 .0 76 37
k 0 .0 9 0 .0 79 62
5 0 .20 3 .8 83 62
6 0 ,2 3 3 .2 93 62
7 0 .1 3 7 .0 81 62

T o ta l 0 .6 5 20 .1
Mean 0 .0 9 2 .9 83 62

p er io d  2
Day 1 0 .2 1 4 .1 80 62

2 0 .1 5 2 .8 84 62
3 0 .3 7 0 .0 93 63
ij. 0 ,0 3 1 0 .5 71 63
3 0 .3 1 2 .5 76 63
6 0 .0 6 6 .8 83 63
7 0 .07 4 .9 79 69

T ota l 1 .09 3 1 .6
Mean 0 .1 6 4 .3 81 64

P eriod  3
Day 1 — 8 .7 73 73

2 2 .9 77 66
3 - 10 .8 78 68
k 0 .28 1 .3 72 66
5 0 .0 1 3 .8 96 63
6 0 .1 3 8 .1 77 62
7 0 .7 8 0 .4 93 61

T ota l 1 .2 1 36 .0
Mean 0 .1 7 3 .1 81 66

Period  3 , Day 8 - 6 ,8 79

P eriod  h
Day 1 — w- 84 70

2 t r . 1 .2 87 71
3 — 1 .1 81 67
k - 9 .6 73 39
g - 0 .7 81 606 tr . 1 0 .7 63 61
7 - 1 .3 86 61

T ota l 0 2 4 .6
Mean 0 3 .3 80 64

Period  3, Day 8 7 .6 76



APPENDIX TABLE 56

Exp. 5: Crude p r o t e in  c o n t e n t s  o f  d a i l y  c o m p o site  h erb a g e  sa m p les
(T e x t  p .  74 )

P e r io d  1 P e r io d  2 P e r io d  3 P e r io d  4

B e fo r e A f t e r B e fo r e A f t e r B e fo r e A f t e r B e fo r e A f t e r
g r a z in g g r a z in g g r a z in g g r a z in g g r a z in g g r a z in g g r a z in g g r a z in g

Day 1 1 3 .3 1 3 .3 1 5 . 6 1 3 .6 1 4 .7 1 2 .3 1 0 .2 9 . 2
2 1 2 .9 1 2 .2 1 5 .8 1 3 .0 1 4 .8 1 2 .1 9 . 1 8 . 4
3 1 2 .9 1 3 .6 1 3 . 4 1 2 .9 1 4 .2 1 2 .9 1 0 .7 8 . 7
4 1 3 .5 1 2 .6 1 3 .1  ■ 1 2 .0 1 3 .8 1 1 .6 1 1 . 4 8 . 4
5 1 1 .8 1 1 .2 1 4 .7 1 2 .0 1 4 . 4 1 1 . 7 1 0 .6 9 . 3
6 1 2 .0 1 0 .5 1 2 . 3 1 1 .0 1 3 .3 1 2 .4 1 0 .0 9 . 2
7 1 3 . 2 1 1 .5 1 3 .6 1 0 .9 1 3 .0 1 1 .9 —- -

Mean 1 2 .7 1 2 .3 1 4 .8 1 2 .1 1 4 .1 1 2 .1 1 0 .3 8 . 9
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APPENDIX TABLE 58

Exp. 5: C o e f f i c i e n t s  o f  c o r r e l a t io n  b e tw e en  dry m a tte r  y i e l d s  p e r
p l o t  and p e r  a c re  w ith  in ta k e  from  group d a i l y  m eans)

(T ex t p . 7 6 )

P e r io d  1 P e r io d  2 P e r io d  3 P e r io d  4 A l l
v a lu e s

D ry m a tte r  p e r  p l o t  

Supplem ent group  

C o n tr o l group  

B o th  grou p s

0 . 771*

0 .6 2 2

0 . 709™

0 . 904™

0 . 938™%

0 . 928%™

0 .0 5 8

0 .0 3 2

0 .0 5 3

0 . 809%

0 . 819*

0 .8 6 4 * ™

0 .2 5 9

0 . 529™

0 . 4 1 8 %%

D ry m a tte r  p e r  a cre  

Supplem ent group  

C o n tr o l group  

B oth  grou p s

0 . 867™

0 . 835%%

0 . 778™%

0 .8 7 6 ™

0 . 927™%

0 . 909™%

0 . 7 5 1 *

0 . 705*

0 .6 8 2 ™

0.820%

0 . 934*™

0.828™ %

0 . 5 5 5 * *

0 . 761%™

0.660% ™



APPENDIX TABLE 39

E xp. 5t  C o e f f i c i e n t s  o f  r e g r e s s io n s  o f  d ry  m a tte r  in ta k e  on  
dry m a tte r  y i e l d s  p e r  a c r e  (fro m  in d iv id u a l  cow -day  
v a lu e s )

(T e x t  p . 77 )

P e r io d  1 p e r io d  2 P e r io d  3 p e r io d  4

S u p p lem en ted  group  
C o n tr o l group  
B o th  grou p s

0 .0 0 8 6 ™

0 .0 1 4 5 * *
0.0104™ %

0 .02 l6% ™
0 . 0 292%™
0.0264% ™

0 . 0158™
0 . 0140%™
0 . 0153%™

0 .0 2 8 8
0 . 0342%™
0 . 0321™%

A n a ly s is  o f  vvariance o f  r e g r e s s i o n  e s t im a t e s

d f S3 . MS P

J o in t  r e g r e s s io n  
B etw een  p e r io d s

1

3
7 4 8 9 .4  7 4 8 9 .4  149*0%™
1 7 4 9 .4  5 8 3 .1  1 1 . 6%™

P e r io d s

1 V 3
2  V 4

1+3 V 2+4

1
1
1

4 7 . 4  4 7 . 4
7 2 .6  7 2 . 6  

1 6 2 9 .4  1 6 2 9 .4  3 2 . 0™%

W ith in  p e r io d s 4 1 6 7 .0  4 1 . 8

T o ta l s e p a r a te  
r e g r e s s io n s 8 9 4 0 5 .8  1 1 7 5 .7

R e s id u a l 200 1 1 0 1 5 .9  5 0 .7

T o ta l 208 2 0 4 2 1 .7



APPENDIX TABLE 4 0

Exp. 5: R e g r e s s io n  o f  mean d a i l y  m ilk  y i e l d  p er
group (y )  on days (x )

(T e x t p .  79)

Sx^ . Sxy sy^ h N

Group A 3 9 ,5 3 9 .5 -7 7 8 1 .1 2 0 4 0 .0 - 0 . 197™ = 78

Group B 3 9 ,5 3 9 .5 —6 6 0 9 .0 1 4 6 3 .3 -0 .1 6 7 = ™ 78

APPENDIX TABLE 41

Exp. 5: R e s u lt s  o f  d i f f e r e n t  m ethods o f  t e s t i n g  th e
s i g n i f i c a n c e  o f  th e  e f f e c t  o f  su p p lem en ts  
on th e  t o t a l  m ilk  y i e l d  p er  cow i n  ea ch  
p e r io d

(T e x t  p . 80)

M ethod
D eg rees  o f  

freed om  
f o r  e r r o r

P S i g .

A n a ly s is  o f  v a r ia n c e  
( s i n g l e  d e g r e e s  o f  

freed om ) 18 1 0 .1 6 XX

R e v e r s a l a -2h c+ d 6 1 2 .6 0 X

a-2h+ d 6 6 .6 0 X

a -2 c+ d 6 6 .5 0 X

-a + 3 b + c-3 d 6 1 0 .6 5 X

(The l e t t e r s  a , h , c ,  d , r e f e r  t o  th e  y i e l d s  o f  
p e r io d s  1 ,  2 , 3 , 4 ,  r e s p e c t i v e l y  i n  th e  
p o ly n o m ia ls ) .



APPENDIX TABLE 4 2

Exp. 5: R e g r e s s io n  o f  l iv e w e ig h t  in c r e a s e  p e r  cow
on 9 c o n s e c u t iv e  w e ig h in g s  

(T ex t p . 82)

Sx^ Sxy Sy^ b R eg.
MS

R esid .
MS P

Group A 

Group B

2 7 ,8 5 6

2 7 ,8 5 6

3 0 ,4 8 0

6 9 ,3 7 9

1 1 ,3 3 8

2 5 ,6 2 3

0 .4 0 7

0 .9 2 0

4 ,6 1 5

2 3 ,5 6 9

761

1 ,3 4 7

6.1%
-X X X

1 7 . 5

R e g r e s s io n  A n a ly s is

S o u rce d f SS MS P

J o in t  r e g r e s s io n  
B etw een  groups  
W ith in  grou p s

1
1
6

2 4 ,5 2 1

9 ,3 0 3
3 ,6 6 3

2 4 ,5 2 1

9 ,3 0 3
611

1 8 .3
6 .9

XXX

X

Sum o f  in d iv id u a l  
r e g r e s s io n s

R e s id u a l

T o ta l

8
56

64

3 7 ,4 8 7
6 2 ,3 7 2

9 9 ,8 5 9

4,686  
1 ,3 4 1

3 .5
XX
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APPENDIX TABLE 44

Exp. 5: C o e f f i c i e n t s  o f  c o r r e la t io n  b e tw e e n  ( 1 )  mean d a i l y  in t a k e s
o f  f r e s h  herbage and h erb a g e  dry m a t t e r / ( 2 )  t o t a l  dry  
m a tter  and t o t a l  w ater

(T e x t  p . 84 )

P e r io d  1 P e r io d  2 P e r io d
3 P e r io d  4 A l l

v a lu e s

( 1 )  H erbage dry  m a tter  
and f r e s h  herbage 0 . 782™% 0 . 788%™ 0 .5 3 7 * 0.893% ™ 0 .7 2 3 * * *

( 2 )  T o ta l d ry  m a tter  
and t o t a l  w ater 0 . 806%™ 0 . 618% 0 .3 8 8 0 .6 2 3 * 0 . 630%™

AFPEroiX TABLE 45

Exp. 7: The average  number o f  l o t s  o f  f a e c e s
dropped d a i l y  b y  e a c h  cow i n  ea ch  
p e r io d  o f  E xp erim en t 3 (ro u n d ed  v a lu e s )  

(T e x t  p . 98 )

Cows

P e r io d s 1 2 3 4 Means

1
( o ld  g r a s s ) 8 12 9 12 10

2
(m aiden  s e e d s ) 10 30 20 19 20

3
( o l d  g r a s s ) 10 23 14 14 15

4
(m aiden  se e d s ) 12 24 15 18 17

Means 10 22 14 16 16



APPENDIX TABLE 4 6

Exp. 7: Mean average a r e a  ( s g .  i n .  ) o f
in d iv id u a l  l o t s  b f  f a e c e s  f o r  
each  cow in  e a ch  p e r io d  o f  
E xperim ent 3 w ith  a n a l y s i s  o f  
v a r ia n c e  o f  o r i g i n a l  v a lu e s  
p er  cow /day

(T ex t p . 98 )

P e r io d s Cows

1 2 3 4 Means

1
( o l d  g r a s s )

2
(m aid en  s e e d s )  

( o ld  g r a s s )
4

(m aid en  s e e d s )

97

79

70

82

84

68

90

84

101

45

5 2

70

97

59

87

92

95

63

75

83

Means 83 81 68 84 79 ±  2

A n a ly s is  o f  v a r ia n c e

S o u rce d f MS P

Cows
P e r io d s
Cow X P e r io d
È ays
E rror

3
3
9

13
33

9 4 1 .0  
2 8 7 8 .0

5 4 3 .0  
2 0 7 6 .0

2 3 8 .5

1 .7 3
1 2 .0 7 ™ =

2 .2 8 =
8 .7 0 ™ ^

T o ta l 63 C o e f f i c i e n t  o f  
v a r ia t i o n  =  20>^



APPENDIX TABLE 4 7

E xp. 7: The a v era g e  a rea  o c c u p ie d  b y  a l l  th e
f a e c e s  ( s q . f t . )  dropped  by  e a ch  cow 
i n  ea ch  p e r io d  o f  E x p er im en t 3 w ith  
a n a ly s i s  o f  v a r ia n c e  o f  o r i g i n a l  
v a lu e s  ( s q .  i n .  p e r  covj/d ay)

(T e x t  p . 99)

P e r io d s Means
1 2 3 4

1
( o l d  g r a s s ) 5 .7 3 7 .8 4 4 . 3 1 6 .3 6 6 .5 5

2
(m aiden  s e e d s ) 5 .0 8 6 .2 6 6 .5 5 7 . 7 3 6 .4 0

( o l d  g r a s s ) 4 .7 4 7 .5 5 7 . 0 4 7 .9 0 6 .8 1

(m a id en ^ seed s) 6 .9 9 1 1 .2 3 8 .9 3 1 0 .Wi 9 .3 1

Means 6 .3 8 8 .1 1 8 .2 2 7 .2 0 7 .2 9

A n a ly s is  o f  v a r ia n c e

Sou rce d f MS F

Cows 3 4 7 3 ,8 6 2 9 . 50™
Cow 1 V 2 ,3 ,4 1 1 , 2 1 4 ,6 0 1 2 4 . 36%™

P e r io d s 3 6 6 3 ,7 9 0 1 3 . 31* *
Cow X P e r io d 9 4 9 ,8 6 9 4.22™ %
D ays 15 2 4 9 ,5 8 1 21.10% ™
E rro r 33 1 1 ,8 3 1

T o ta l 63 C .V . =  10^



APPEl̂ ID IX TABLE 48

E xp . 7; D e f a lc a t io n  b eh a v io u r  o f  th e  fo u r  cow s i n  E xperim ent 4
(T e x t p . 9 9 )

OOVsTS Days 1
Mean

1 2 3 4 5

( a )  T o ta l a rea  o f  f a e c e s  p e r  day ( s q .  f t . )

1 4.62. 3.48 3 .65 4 .1 7 4.77 4 .1 4
2 5.47 7.25 4 .1 5 6.79 6 .1 6 , 7 .4 6
3 5.93 4 .6 3 2.89 5.46 1 .6 1 4 .1 0
4 3.00 2.38 4 .0 2 7.60 9 .1 0 5 .2 2

Mean 4.76 4 .4 4 3 .68 6.01 5 .4 1 4 .8 6

(b )  A rea o f  f a e c e s  dropped by e a ch  cow d a i l y on u n grazed  h erb age

1 1.22 2.31 1.21 1.85 1 .5 3 1 .6 2
2 1.48 3 .5 3 1 .0 4 1.64 4 .3 1 2 .4 0
3 3.58 3.07 1 .92 1.89 0 .9 8 2 .2 9
4 1.04 0 .99 0.85 1.77 2.22 1 .3 7

Mean 1.83 2.48 1 .2 6 1 .7 9 2 .2 6 1 .9 2

( c )  P e r c e n t  o f  t o t a l  area o f  f a e c e s  dropped on  u n g ra zed  h erb age

1 26 66 33 44 32 40
2: 27 49 25 24 70 39
3 60 66 66 35 61 58
4 35 42 21 23 24 29

Mean 37 56 36 32 47 4 1 .5

(d )  Nuniber o f  d e fa e c a t io n s  by  ea ch  cow d a i l y

1 9 6 6 9 8 7 .6
2 9 29 8 13 18 1 5 .4
3 7 9 4 9 8 7 .4
4 5 5 6 10 9 7 .0

Mean 7.5 12 .3 6 iO 1 0 .3 10.8 9 -6 :


