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Abstract:
A study was conducted during the summer seasons of 1983 and 1984 to estimate the forage
consumption of free-ranging beef cows differing in milk production potential. Six lactating cows from
Hereford (HH) and 75% Simmental-25% Hereford (3S1H) breeds were used in 1983. In 1984, 3
additional breed types were evaluated: 25% Simmental-75% Hereford (1S3H), 50% Simmental-50%
Hereford (SH), and 50% Angus-50% Hereford (AH). Fecal output was estimated during June, July and
August each year using the chromic oxide dilution technique. Correction factors were derived by
comparing estimated fecal output values to actual measurements using fecal bags. Monthly forage
collections for IVOMD determinations were obtained using 4 to 6 esophageal-fistulated cows. Breed
groups did not differ significantly in body weight (P>.10) in either year. No significant difference in
average mean intake expressed as a percentage of body weight/day (%BW/d) were found between the
breeds in 1983. In 1984, significant breed group differences were detected (P<.07). Average mean
intakes for the 1S3H, HH, AH, BH, and 3S1 H were 2.2, 2.3, 2.5, 2.6 , and 2.8% BW/d respectively.
Milk production accounted for about 60% of. the variation in intake between breeds groups, but body
size and body condition differences within breeds influenced intake as well. Preliminary efficiency data
showed that 3S1H produced an average of O.98 kg milk per kg OM intake while HH produced 0.77 kg
milk. 
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ABSTRACT

A study was conducted during  th e  summer seasons of 1983 and 1984 
to  e s t im a te  the  fo rage  consumption of f r e e - ra n g in g  beef cows d i f f e r in g  
i n  m i lk  p r o d u c t io n  p o t e n t i a l .  S ix  l a c t a t i n g  cows from  H e re fo rd  (HH) 
and 75% S im m e n ta l - 25% H e re fo rd  ( 3 S1 H) b re e d s  w ere u sed  i n  1983. In  
1984, 3 a d d i t i o n a l  b re e d  ty p e s  w e re  e v a lu a te d :  25% S im m en ta l-Y 5% 
H e re fo rd  (1S3H), 50% Sim m ental-50%  H e re fo rd  (SH), and 50% Angus-50% 
Hereford (AH). Fecal output was e s t im a te d  during June, Ju ly  and August 
e ach  y e a r  u s in g  th e  ch ro m ic  o x id e  d i l u t i o n  t e c h n iq u e .  C o r r e c t io n  
f a c t o r s  w ere  d e r iv e d  by co m paring  e s t i m a t e d  f e c a l  o u tp u t  v a lu e s  t o  
a c tu a l  measurements using  f e c a l  bags. Monthly fo rage  c o l le c t io n s  f o r  
IVOMD d e te rm in a t io n s  were obta ined  us in g  4 to  6 e s o p h a g e a l - f i s tu la te d  
cows. Breed groups did  not d i f f e r  s i g n i f i c a n t ly  in  body weight (PXIO) 
i n  e i t h e r  y e a r .  No s i g n i f i c a n t  d i f f e r e n c e  i n  a v e ra g e  mean i n t a k e  
e x p r e s s e d  a s  a p e r c e n ta g e  of body w e ig h t /d a y  (%BW/d) w ere  found  
b e tw een  th e  b re e d s  i n  19 83. In  1 984, s i g n i f i c a n t  b re e d  group 
d i f f e r e n c e s  were de tec ted  (P<.07). Average mean in ta k e s  f o r  the  1S3H, 
HH, AH, BH, and  3S1H w e re  2 .2 ,  2 .3 ,  2 .5 ,  2.6 , an d  2.8% BW/d 
re s p e c t iv e ly .  Milk p roduction  accounted f o r  about 60% of. the  v a r ia t io n  
i n  i n t a k e  b e tw een  b re e d s  g ro u p s ,  bu t body s i z e  and body c o n d i t i o n  
d i f f e r e n c e s  w i t h i n  b re e d s  i n f l u e n c e d  i n t a k e  a s  w e l l .  P r e l i m in a r y  
e f f ic ie n c y  da ta  showed t h a t  3S1H produced an average of O.98 kg m ilk  
per kg OM in ta k e  w h ile  HH produced 0.77 kg milk.
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INTRODUCTION

To e f f e c t i v e l y  m an ag e  r a n g e l a n d s  f o r  o p t im u m  l i v e s t o c k  

p r o d u c t io n ,  i t  i s  n e c e s s a r y  to  have  know ledge of th e  f o r a g e  

co n su m p tio n  by th e  g r a z in g  a n im a l .  Van Dyne (I9 6 0 ) e s t i m a t e d  th e  

y e a r ly  dry m a tte r  in ta k e  from da ta  summarizing 31 s tu d ie s  o f  g raz ing  

c a t t l e  to  be a b o u t  1.8% body w e ig h t /d a y  (%BW/d). W ith th e  i n c r e a s e d  

use of heav ie r  m ature w eight, high m ilk-producing  breeds of c a t t l e ,  

th e re  may be a need to  a d ju s t  s tock ing  r a t e s  based on fo rage  

consumption e s t im a te s .

When a b u n d a n t , good q u a l i t y  f o r a g e  i s  a v a i l a b l e ,  t h e  v o lu n ta r y  

i n t a k e  of g r a z in g  r u m i n a n t s  i s  i n f l u e n c e d  by en erg y  demand (A rno ld , 

1 970). The energy  b a la n c e  of an a n im a l  i s  d e te r m in e d  by th e  

d i f f e r e n c e  b e tw een  en e rg y  i n p u t  ( f e e d )  and th e  en e rg y  expended f o r  

maintenance, m ilk  p roduction , rep ro d u c tio n  and a c t i v i t y  (Braumg ardt, 

1970). Because of the bulky and f ib r o u s  na tu re  of most range fo rages , 

th e  p h y s i c a l  l i m i t a t i o n  o f  i n t a k e  due t o  gu t f i l l  u s u a l l y  o c c u rs  

b e f o r e  e n e rg y  s a t i e t y  (C am pling , 1970). The p o i n t  w here  p h y s ic a l  

d i s t e n t io n  of the  rumen l i m i t s  in ta k e  and m etabo lic  s ig n a l s  begin to  

dominate i s  be liev ed  to  be when fo rage  d i g e s t i b i l i t y  i s  approxim ately  

62 -  70% (Conrad e t  a l . ,  1964; McClymont, 1967; Montgomery and

B ra u m g a rd t , 1 965), how ever t h i s  r a n g e  may v a ry  w i th  body s i z e  and 

s tage  of p roduction  (Conrad e t  a l . ,  1964). I f  p hys ica l  cond itions  

l i m i t  in ta k e  on low q u a l i ty  fo rag es ,  then  rumen capac ity , fe rm en ta t io n  

and p a s s a g e  r a t e  of f o r a g e  w ould d e te r m in e  t h e  amount o f  f e e d  an 

a n im a l  c o u ld  i n g e s t .  W hile  i t  i s  t r u e  t h a t  th e  m ain d e t e r m in a n t  of 

rum en c a p a c i t y  i s  t h e  s i z e  of t h e  an im a l '  (N u tt  e t  a l . ,  I 980; Van
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S o e s t  1982), changes  i n  r u m in a l  volum e a r e  n o t  n e c e s s a r i l y  equa l to  

chan g es  i n  body w e ig h t .  B in es  (1971) s t a t e d  t h a t  i n t a k e  i s  b ro a d ly  

r e l a t e d  to  th e  l iv e w e ig h t  of the  an im al, which i s  a l so  r e l a t e d  to  th e  

s i z e  of th e  ■ a b d o m in a l  c a v i t y .  Rum inal h y p e r t ro p h y  has  been 

documented i n  l a c t a t i n g  ewes (F e l l  e t  a l . ,  1964) and d a iry  cows (Smith 

and B a ld w in , 1974; T u l lo h ,  1 966) and may a l s o  im p a c t  th e  d i g e s t i v e  

cap ac ity  of rum inants  v a ry ing  i n  production.

I f  r u m i n a n t s  co n su m e  f o r a g e s  o f  h ig h  d i g e s t i b l e  e n e r g y  

c o n c e n t r a t i o n ,  th e n  m e ta b o l i c  s i g n a l s  a s s o c i a t e d  w i th  t h e  energy  

b a la n c e  of an  a n im a l  may r e g u l a t e  fo o d  i n t a k e  (B ines , I 971). Under 

th e se  c o n d it io n s ,  breed d i f f e r e n c e s  i n  l e v e l  of m ilk  p roduc tion  could 

cause fo rag e  in ta k e  d i f f e r e n c e s .

R esea rch  was i n i t i a t e d  i n  1981 a t  th e  N o r th e rn  A g r i c u l t u r a l  

Research Center, lo c a te d  near Havre, Montana to  de term ine  the  r e l a t i v e  

e f f i c i e n c y  o f g ra z e d  f o r a g e  consumed by f i v e  b e e f  cow b re e d s .  T h is  

s tu d y  was co n d u c te d  d u r in g  th e  sum m ers o f  1983 and 1984 to  ( I )  

e s t i m a t e  t h e  d a i l y  f o r a g e  o r g a n ic  m a t t e r  i n t a k e  of f i v e  beefcow 

b re e d s  d i f f e r i n g  i n  m i lk  p ro d u c t io n  p o t e n t i a l ,  and ( 2) p ro v id e  

in fo rm a t io n  necessary  to  a s s e s s  th e  r e l a t i v e  p roduction  e f f ic ie n c y  of 

each breed type on n a t iv e  ra n g e lan d s .
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LITERATURE REVIEW

In tro d u c t io n

When g raz ing  c a t t l e  of d i f f e r e n t  g e n e t ic  p o t e n t i a l s  f o r  dam and 

o f f s p r i n g  p e r fo rm a n c e  a r e  d e r i v i n g  n u t r i e n t s  from  th e  same f o r a g e  

b a se ,  th e  i n t e r a c t i o n  be tw een  e n e r g e t i c  demand and su b se q u e n t  

p ro d u c t iv i ty  may determ ine  t h e i r  dry m a t te r  in ta k e .  M etabolic  energy 

demand i s  a f u n c t i o n  o f  s e v e r a l  f a c t o r s  i n c l u d i n g  t h e  m a in te n a n c e  

requ irem en t of an anim al. Maintenance demands may be in c re a se d  from 

40 to  60% (Havstad and Malachek, 1982) fo r  c a t t l e  g raz ing  rangeland  as  

c o m p a r e d  w i t h  c o n f i n e d  s i t u a t i o n s .  . T h e re  a r e  v a r i a t i o n s  i n  

maintenance requ irem en ts  based on breeds and p h y s io lo g ic a l  age a s  w e l l  

(NRC, 1984). In  o rder to  u l t im a te ly  i d e n t i f y  the  p roduc tive  p o te n t i a l  

a n d  a d a p t i b i l i t y  o f  v a r i o u s  b r e e d s  t o  a p a r t i c u l a r  g r a z i n g  

environm ent, i t  i s  necessary  to  e s t im a te  t h e i r  fo rage  consumption. A 

b r i e f  re v ie w  of t h e  f a c t o r s  i n f l u e n c i n g  t h e  i n t a k e  of g r a z in g  

rum inan ts  w i l l  h e lp  e lu c id a te  a complex and i n t e r a c t i v e  sy s te m .

F ac to rs  In f lu en c in g  Forge In take  bv Grazing Ruminants

T here  i s  a v a s t  a r r a y  of s t i m u l i  t h a t  a f f e c t  t h e  f o r a g i n g  

behavior of g raz ing  rum inants . In  a d d i t io n ,  the  rangeland  environment 

and i t s  d i v e r s i t y  s e r v e s  t o  add to  th e  c o m p le x i ty  of th e  a n im a l ’s 

n u t r i t i o n a l  e co lo g y .  To e x p l a i n  t h e  im p a c t  o f  t h e  v a r i a b l e s  d r i v i n g  

v o lu n ta ry  fo rag e  in ta k e ,  th ree  c r i t e r i a  must be evalua ted . They a re :  

( I )  i n t a k e  r e g u l a t i o n  i n h e r e n t  t o  t h e  a n im a l ,  ( 2) fo r a g e  base  

c h a r a c t e r i s t i c s ,  and ( 3) e n v i r o n m e n ta l  f a c t o r s .  These i n f l u e n c e s
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combine to  form a dynamic model, one i n  which a change i n  one element 

denotes a change somewhere e l s e  i n  the  scheme.

In n a te  r e g u la to ry  mechanisms a re  c o n tro l le d  by m etabo lic  balance, 

p h y s ica l  l i m i t a t i o n s  and the  p h y s io lo g ic a l  s t a t e  of the  anim al.

. McClymont ( 1967) s t a t e s  t h a t  t h e  on ly  i n t r i n s i c  s t i m u l u s  

f a c i l i t a t i n g  phagic behavior i n  the  g raz ing  rum inant i s  t o t a l  energy 

demand. T h is  demand i s  a sum m ation  o f  th e  energy  r e q u i r e d  f o r  

m a in te n a n c e ,  g ro w th ,  g e s t a t i o n ,  m i lk  p r o d u c t io n ,  e x e r c i s e  and 

e n v i r o n m e n ta l  s t r e s s e s .  When s h o r t  te rm  demand ex ce e d s  m e ta b o l i c  

energy a v a i l a b le  to  the  an im al, feed ing  begins. As energy i s  supp lied  

beyond th e  l e v e l  req u ired ,  feed ing  w i l l  cease (B lax te r ,  1962; Forbes, 

1980). This energy balance may be governed by the  hypothalamus, which 

" s e n s e s "  v a r i o u s  f e e d b a c k  s i g n a l s  such  a s  d i s t e n t i o n  s t i m u l i  and 

chan g es  i n  m e t a b o l i t e  c o n c e n t r a t i o n .  As f o r a g e  d i g e s t i b i l i t y  

i n c r e a s e s ,  d i g e s t i b l e  en e rg y  c o n c e n t r a t i o n  i n c r e a s e s ,  and t h e  

r e g u la t io n  of food in ta k e  becomes m e tab o lic  i n  na tu re  (Bines, 1971). 

This l e v e l  of d ig e s t ib le  energy i s  b e lieved  to  be a t  th e  p o in t where 

f o r a g e  ' d i g e s t i b i l i t y  r e a c h e s  a b o u t  62 -  70%. Below t h i s  l e v e l ,  

p h y s i c a l  d i s t e n t i o n  o f  t h e  rum en l i m i t s  i n t a k e ;  above  i t ,  energy  

i n t a k e  becom es th e  o v e r id in g  f a c t o r  i n h i b i t i n g  f o r a g e  co n su m p tio n  

(McClymont, 1957). Conrad e t  a l .  (1964) concluded from t h e i r  r e s u l t s  

w ith  l a c t a t i n g  d a iry  cows th a t  the  p o in t  where physica l  l i m i t a t i o n s  on 

e a t in g  cease and m etabo lic  in f lu e n c e s  dominate v a r ie s  w ith  body s iz e  

and production . Montgomery and B raum gard t ( 1 965a) r e p o r t e d  t h a t  f o r  

d a iry  h e i f e r s  consuming r a t i o n s  of in c re a s in g  dry m a tte r  d i g e s t i b i l i t y  

(DMD), in ta k e  decreased as  a r e s u l t  of energy s a t i e ty .  Conrad e t  a l .
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(1964) found t h a t  w ith  high-roughage r a t i o n s  between 67 and 80% DMD, 

in ta k e  decreased  w ith  in c re a s in g  d i g e s t i b i l i t y .  In  c o n t r a s t ,  in ta k e s  

w ere  lo w e r  f o r  cows consum ing r a t i o n s  below 6 0% DMD due t o  g u t  f i l l  

(Montgomery and Baumgardt, 1965b).

The major suspected  chemical feedback s ig n a l s  r e g u la t in g  energy 

in ta k e  by rum inan ts  in c lu d e  v o l a t i l e  f a t t y  a c id  (VFA) c o n c e n tra ta t io n ,  

rumen pH, and h o rm ona l s e c r e t i o n .  Among t h e  p r o d u c t s  o f  d i g e s t i o n ,  

p r o p r i o n a t e  p la y s  a s i m i l a r  r o l e  i n  c o n t r o l l i n g  t h e  fo o d  i n t a k e  o f  

rum inan ts  much as  g lucose i s  thought to  do i n  m onogastric  an im als ,  by 

a c t i n g  a s  an  in d e x  o f t h e  r a t e  o f  a b s o r p t i o n  of a l l  VFA’s (F o rb e s ,  

I 980). P r o p r i o n a t e  i s  s e n s e d  by th e  p o r t a l  v e in  and c o n c e n t r a t i o n  

s i g n a l s  a r e  t r a n s f e r r e d  v i a  t h e  v a g as  n e rv e  to  t h e  h y p o th a la m u s .  

Ruminal a c e ta t e  co n ce n tra t io n  has been found to  play a c e n t r a l  ro le  i n  

c o n t r o l l i n g  m eal s i z e  on ra n g e  f o r a g e s  i n  p a r t i c u l a r  (W aldo, I 969). 

I t  has been suggested t h a t  th e re  a re  r e c e p to r s  s e n s i t i v e  to  a c e ta t e  on 

th e  lumen s id e  of the  rumen ( B aile  and Forbes, 1974).

B a i l e  and F o rb es  (1974) s t a t e  t h a t  t h e r e  i s  no e v id e n c e  t h a t  

g ro w th  horm one (GH) i s  a fe e d b a c k  s i g n a l  f o r  en e rg y  b a la n c e  under 

normal c o n d it io n s ,  but Forbes (1980) r e p o r te d  t h a t  a low in s u l in :  GH 

r a t i o  s t im u la te s  l i p o l y s i s  and might be expected to  occur around the  

t im e  o f m eal i n i t i a t i o n .  He s u g g e s te d  a l i n k  b e tw een  a  d e f i c i t  o f  

energy -  y ie ld in g  m e ta b o l i te s  ( c o r re la te d  by an in c re a se d  s e c re t io n  of 

GH) and t h e  o n s e t  o f  f e e d in g .  E s t ro g e n s  a r e  b e l i e v e d  t o  d e p r e s s  

i n t a k e  d u r in g  e s t r u s  and i n  l a t e  p reg n a n cy  (B a i l e  and F o rb e s ,  1974), 

bu t w h e th e r  t h i s  i s  an  i n d i r e c t  o r  c e n t r a l  a c t i o n  on t h e  s a t i e t y  

c e n t e r  i s  n o t  known. B alch  and Cam pling  ( 1 962) s t r e s s e d  t h a t  t h e
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T here  a r e  tw o ways t h a t  a d ip o s e  t i s s u e  c o n t r i b u t e s  t o  th e  

h o m e o s t a t i c  b a la n c e  o f  en e rg y  i n  t h e  r u m in a n t .  F i r s t ,  t h e  r a t e  a t  

which adipose t i s s u e  can sy n th es ize  t r i g l y c e r i d e s  seems to  be l im i te d .  

As t h i s  l i m i t  i s  approached, r e c e p to r s  s e n s i t i v e  to  excess  energy w i l l  

tend  to  depress  in ta k e .  Secondly, i t  has  been proposed t h a t  "leakage" 

of f a t t y  a c id s  from adipose  c e l l s  i s  p o s i t iv e ly  r e l a t e d  to  t h e i r  s iz e .  

The f a t t e r  th e  a n im a l  th e  s t r o n g e r  t h e  f e e d b a c k  s i g n a l  on en erg y  

a v a i l a b i l i t y  (Forbes, I960).

The r a p id  fe rm e n ta t io n  of immature fo rag e s  may produce s u f f i c i e n t  

a c id  to  cause a drop i n  rumen pH which delays c e l l u l o l y t i c  d ig e s t io n  

o f  f o r a g e  c e l l  w a l l s ,  th u s  d e p r e s s in g  i n t a k e  (Van S o e s t ,  1982). In  

Jones* ( I 972) r e v i e w .o f  th e  c h e m ic a l  c o n t r o l  o f  f e e d  i n t a k e ,  i t  was 

determ ined t h a t  a drop i n  pH f a c i l i t a t e s  th e  ab so rp tio n  of VFA ac ro ss  

th e  rumen ep ith e l iu m , a llo w in g  the  a c t i v a t i o n  p o i n t  of t h e  r e c e p t o r  

s ig n a l  to  be accomplished w ith  low er in ta k e s .  B aile  and Forbes (1974) 

s t a t e d  t h a t  feed  in ta k e  i s  l i k e l y  depressed  when rumen f l u i d  pH f a l l s  

below 5.5 because of the  r e s u l t i n g  rumen s t a s i s .

P hys ica l  L im ita t io n s

P h y s i c a l  b u lk  o f  l e s s  d i g e s t i b l e  f o r a g e s  and c a p a c i t y  of th e  

rum inant g a s t r o i n t e s t i n a l  t r a c t  a re  dominant f a c to r s  l i m i t i n g  fo rage  

in ta k e  by rum inants  ( E l l i s ,  1978). P hysica l re g u la t io n  o f  food in ta k e  

i n v o l v e s  s t r e t c h  r e c e p t o r s  i n  t h e  rum en w a l l ,  b u t  th e  n a tu r e  and 

p re c is e  lo c a t io n  of these  i s  not y e t  known (Bines, 1971). While i t  i s

changes i n  food  in ta k e  a s s o c ia te d  w ith  hormone b a lan ce  may be r e l a t e d

to  changes i n  in d u ced  m etabo lism .
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t r u e  t h a t  t h e  m ain  d e t e r m in a n t  o f  rumen c a p a c i ty  i s  t h e  s i z e  o f  th e  

an im al, changes i n  rum inal volume a re  no t n e c e s s a r i ly  equal to  changes 

i n  body w e ig h t .  I n t a k e  i s  b r o a d ly  r e l a t e d  to  th e  l i v e  w e ig h t  o f  th e  

anim al and i s  determ ined by the s iz e  of the  abdominal c a v i ty  (Bines, 

1971) a n d  by t h e  r a t e  o f  d i s a p p e a r a n c e  o f  d i g e s t a  f ro m  t h e  

r e t i c u l o r u m e n .  The r a t e  of d i s a p p e a r a n c e  depends on th e  r a t e  of 

breakdown i n  th e  re t ic u lo ru m en  by m ic ro b ia l  and m echanical p rocesses  

(Campling, 1970).

Nutt e t  a l .  (1980) found no r e l a t i o n s h ip  between rumen capac ity  

and DM d i g e s t i b i l i t y  of fe scu e  -  legume and fescue  p a s tu re s  although 

o t h e r  r e s e a r c h e r s  fo u n d  t h a t  a s  rum en vo lum e i n c r e a s e d ,  f o r a g e  DM 

d i g e s t i b i l i t y  i n c r e a s e d  ( P u r s e r  and M oir ,  1 966). N u tt  e t  a l .  (1980) 

fo u n d  t h a t  s t r u c t u r a l l y  l a r g e  cows had  l a r g e r  rum en c a p a c i t i e s  and 

g r e a te r  in ta k e s  than s t r u c t u r a l l y  sm all cows. As a percentage  of body 

w e ig h t  h ow ever , rumen c a p a c i ty  was n o t  r e l a t e d  t o  s t r u c t u r a l  s i z e  

r e f l e c t i n g  d i f f e r e n c e s  in  body com position of the cows examined. Milk 

y i e l d  was a l s o  n o n - r e l a t e d  t o  rum en c a p a c i t y .  One way o f r e l a t i n g  

in ta k e  to  cows of- d i f f e r e n t  s iz e s  i s  to  express  body s i z e  i n  te rm s of 

m etabo lic  body weight (MBW). M etabolic  body weight d e sc r ib e s  su rface  

a r e a  and  t h e r e f o r e  m a in te n a n c e  r e q u i r e m e n t s  (Kothmann, 197 8). The 

feed  requ irem en t f o r  maintenance becomes p ro p o r t io n a l  to  th e  an im al’s 

MBW when i n t a k e  i s  r e g u l a t e d  by c h e m o s ta t i c  m echan ism s . I t  i s  

q u e s t i o n a b l e  w h e th e r  any s i n g l e  e x p r e s s io n  of l i v e  w e ig h t  can be 

a d o p te d  f o r  a n im a l s  o f  a l l  a g e s  and l i v e  w e ig h t s .  The r e l a t i o n s h i p  

between in ta k e  and body s iz e  changes markedly a t  w e igh ts  low er than



400 l b s  s i n c e  t h e  rum en d e v e lo p s  m ore r a p i d l y  th a n  t h e  o v e r a l l  

development of the  body (Holmes e t  a l . ,  1961).

The amount o f  body f a t  a l s o  h a s  an  e f f e c t  on a b d o m in a l  space  i n  

th e  rum inant. When rumen cap ac ity  was expressed  i n  p ro p o r t io n  to  body 

w eigh t,  f a t t e r  cows had s i g n i f i c a n t l y  sm a l le r  rumen c a p a c i t i e s  than  

d id  t h i n n e r  cows (N u t t  e t  a l . ,  1980). I n v e r s e  r e l a t i o n s  be tw een  

w e ig h t  o f  i n t e r n a l  f a t  and w e ig h t  o f  g u t  c o n t e n t s  w ere  r e p o r t e d  by 

B alch  and Cam pling (1962). B in es  (1971) s t a t e s  t h a t  e x t e n s i v e  

d e p o s i t i o n  o f  f a t  w i t h i n  t h e  a b d o m in a l  c a v i t y  a p p a r e n t l y  re d u c e s  

d ig e s t iv e  cap ac ity  and th e re fo re  roughage in ta k e .  He concluded th a t  

s i n c e  f a t  cows d id  n o t  e a t  enough hay to  m a i n t a i n  w e ig h t ,  and t h i n  

cows a t e  enough of th e  same hay to  g a in  w e ig h t ,  th e  e x i s t e n c e  of a 

p h y s ica l  r e g u la to r  appears  l i k e l y .

P h y s io lo g ic a l  Stage

A nother m a jo r  d e t e r m in a n t  o f  t h e  f o r a g e  i n t a k e  of g r a z in g  

rum inan ts  i s  the  p h y s io lo g ic a l  c o n d i t i o n  o f  th e  a n im a l .  L a c t a t i o n ,  

p reg n an cy  and g ro w th  c o n t r i b u t e  t o  i n c r e a s e  en erg y  demands and 

subsequent need f o r  a d d i t io n a l  feed  in ta k e .  L a c ta t io n  i s  an e n e rg e t ic  

c o s t  dem anding  t h r e e  t i m e s  t h e  m a in te n a n c e  r e q u i r e m e n t  i n  h ig h  

p ro d u c in g  d a i r y  cows ( B a i l e  and F o rb e s ,  I 974). J o u r n e t  and Remond 

(1976) o b s e r v e d  t h a t  t h e  DM i n t a k e  o f  ro u g h a g e s  i n c r e a s e d  by 2 k g /d  

during  th e  f i r s t  e ig h t  weeks of l a c t a t i o n  and did  not depend g re a t ly  

on th e  l e v e l  of roughage in ta k e  be fo re  ca lv ing . Johnson e t  a l .  (1966) 

n o t i c e d  t h a t  H o l s t e i n  cows i n c r e a s e d  t h e i r  DM hay i n t a k e  50% d u r in g  

t h e  f i r s t  o n e - t h i r d  o f  l a c t a t i o n ,  p e a k in g  by th e  17th  week. I n ta k e

8
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d i f f e r e n c e s  a v e r a g in g  a b o u t  50% w ere  o b se rv e d  be tw een  dry  and 

l a c t a t i n g  tw in  J e r s e y  c r o s s b r e d  c a t t l e ,  a l th o u g h  peak g r o s s  en erg y  

i n t a k e  was n o t  o b ta in e d  d u r in g  peak  m i lk  y i e l d ,  bu t 15 weeks l a t e r .  

T h is  t im e  l a g  may r e p r e s e n t  a p e r io d  f o r  r e p l e t i o n  o f  body r e s e r v e s  

u sed  i n  e a r l y  l a c t a t i o n  (H u tto n , 1963). In  c o n t r a s t ,  F o rb es  (1971) 

s t a t e d  t h a t  fo o d  i n t a k e  r e a c h e s  a peak  a b o u t  th e  s i x t h  week o f  

l a c t a t i o n .  He sugges ts  t h a t  the  expulsions  of th e  f e tu s  im m ediate ly  

g ives  ample room f o r  rumen expansion, so th e  tim e l a g  i s  most l i k e l y  

n o t  d ep en d an t on an  in c re a s e  i n  d ig e s t iv e  capac ity .

An i n t e r e s t i n g  a d a p ta t io n  to  the  energy demands o f  l a c t a t i o n  i s  

a n  i n c r e a s e d  d i g e s t i v e  c a p a c i t y  due  t o  h y p e r t r o p h y  o f  t h e  

re t ic u lo ru m e n  and i n t e s t i n e s .  An a d a p ta t io n  of t h i s  kind would enable 

a l a c t a t i n g  cow to  m a in ta in  a g re a te r  in ta k e  w ithou t changing th e  r a t e  

of passage or the  d i g e s t i b i l i t y  of the  d ie t  (Tulloh, 1966). The f i r s t  

r e p o r t  concerning hypertrophy desc ribed  th e  h i s t o l o g i c a l ,  chemical and 

p hys ica l  changes occuring  i n  th e  a l i m e n t a r y  c a n a l  o f  l a c t a t i n g  r a t s  

( F e l l  e t  a l . , 1963). They o b se rv ed  t h a t  t h e  p a r i e t a l  c e l l s  i n  t h e  

stomach o f l a c t a t i n g  an im als  became hypertroph ied , and by th e  16th day 

o f  l a c t a t i o n ,  th e  t o t a l  n i t r o g e n  c o n te n t  o f  th e  s to m ach , s m a l l  

i n t e s t i n e  and caecum had in c re a se d  an average of 65% over t h a t  of the  

c o n t r o l s .  I n  a d d i t i o n ,  th e  a v e ra g e  w e ig h t  o f  th e  s tom ach  was 50% 

g r e a t e r  th a n  t h a t  of n o n - l a c t a t i n g  r a t s .  But t h e  m ost s t r i k i n g  

f e a tu r e  of th e  hypertrophy was an in c re a s e  i n  th e  h e ig h t  and th ic k n e ss  

of th e  i n t e s t i n a l  v i l l i .  I t  was suggested  th a t  th e  r e s u l t s  were due 

to  an a d a p t i v e  r e s p o n s e  of th e  i n t e s t i n a l  mucosa to  t h e  i n c r e a s e d
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energy demands of l a c t a t i o n  r a th e r  than th e  d i r e c t  e f f e c t  of physica l  

d i s t e n t io n  due to  in c re a se d  food in ta k e .

A s i m i l a r  s tu d y  p e r fo rm e d  by F e l l  e t  a l .  (1964) showed many of 

the  same r e s u l t s  i n  l a c t a t i n g  ewes. There was a d e f i n i t e  enlargem ent 

of th e  a l im en ta ry  canal in d ic a te d  by weight, t o t a l  n i t ro g e n  g a in s  and 

h i s t o l o g i c a l  comparisons to  n o n - l a c t a t i n g  c o n t r o l s .  H y p er tro p h y  of 

r u m in a l  mucosa h a s  a l s o  been c o n f i rm e d  by F e l l  e t  a l .  (1972) and 

Weekes (1971). W eight i n c r e a s e s  w ere  fo u n d  to  o c c u r  i n  t h e  ru m in a l  

mucosa, abomasum and sm a ll  i n t e s t i n e  of l a c t a t i n g  cows fe d  a r a t i o n  of 

approx im ate ly  70% dry m a tte r  d i g e s t i b i l i t y  (DMD). Weekes (1971) found 

t h a t  i n  c o n ju n c t io n  w i th  i n c r e a s i n g  rum en m ucosa l w e ig h t ,  enzyme 

a c t i v i t i e s  and in  v i t r o  l a c t a t e  p roduction  per rumen a ls o  in c reased . 

I t  was th o u g h t  t h a t  t h i s  c o u ld  i n c r e a s e  t h e  su p p ly  o f  s u b s t r a t e  f o r  

g lu c o n e o g e n e s i s  d u r in g  l a c t a t i o n .  An a s s o c i a t e d  s tu d y  (Moon and 

Cambell, 1973) rev ea led  t h a t  h y p e r tro p h ic  changes i n  th e  rumen w a ll  

were, combined w ith  an in c re a s e  i n  the  s iz e  of in d iv id u a l  p a p i l l i  and a 

r e g r e s s i o n  o f  a h y p e r k e r a t o t i c  c o n d i t i o n .  Peak rum en w e ig h t  was 

reached a t  about 20 days of l a c t a t i o n ,  when th e  lambs were weaned. I t  

was concluded t h a t  hypertrophy of th e  rum inal mucosa i s  due p a r t i a l l y  

t o  i n c r e a s e d  c e l l  d i v i s i o n .  Peak v a l u e s  of DNA and RNA o c c u r re d  

approx im ate ly  a t  th e  t im e  when c e l l  d iv i s io n  was g r e a te s t .  RNA was 

used a s  an index  to  p ro te in  sy n th e s is  and may r e f l e c t  growth processes  

i n  th e  c e l l .

Smith and Baldwin (1974) used m ature  d a iry  cows to  determ ine th e  

e f f e c t s  of pregnancy and l a c t a t i o n  on th e  w eigh ts  of g a s t r o i n t e s t i n a l  

t r a c t  organs and t i s s u e s .  They s t a t e  t h a t  although organ w eight i s  a
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f u n c t i o n  o f  body w e ig h t ,  r e l a t i v e  ch an g es  i n  o rg an  w e ig h t s  a r e  n o t  

e q u i v a l e n t  t o  r e l a t i v e  ch an g es  i n  body w e ig h t .  Log—Log r e g r e s s i o n  

a n a ly s is  was used to  a llow  comparisons of t i s s u e s  and organs between 

n o n - l a c t a t i n g  and l a c t a t i n g  c a t t l e  on a common body w e ig h t  b a s i s .  

Weights o f  th e  g a s t r o i n t e s t i n a l  organs f o r  n o n - la c ta t in g  and l a c t a t i n g  

cow s w e r e  3 .7  5 a n d  4.85% o f  t o t a l  body w e i g h t  r e s p e c t i v e l y ,  

re p re s e n t in g  a 30% in c re a se  w ith  l a c t a t i o n .  The au th o rs  suggest t h a t  

t h i s  i n c r e a s e  co u p led  w i th  i n c r e a s e s  i n  t h e  w e ig h t s  o f  t h e  l i v e r ,  

h e a r t  and mammory t i s s u e s  d u r in g  l a c t a t i o n  may a c c o u n t  f o r  an 

e s t i m a t e d  10% i n c r e a s e  i n  m a in te n a n c e  en erg y  r e q u i r e m e n t s  f o r  

l a c t a t i n g  cows. Tulloh (1966) re p o r te d  in c re a s e s  i n  th e  len g th  of the  

sm all i n t e s t i n e ,  the  i n t e r n a l  c ircum ference  of the  lum ina  i n  the  sm all 

and l a r g e  i n t e s t i n e ,  and t h e  w e ig h t s  o f  th e  m ain  p a r t s  o f  th e  

a l im en ta ry  t r a c t  o f  l a c t a t i n g  v e rsu s  n o n - la c ta t in g  tw in  da iry  c a t t l e .  

W a te r - f i l l e d  c a p a c i t i e s  o f  the  r e t i c u l o - rumen were 29% g r e a te r  fo r  the  

l a c t a t i n g  tw in s  a s  w e l l .  He s u g g e s t s  t h a t  th e s e  ch an g es  ta k e  p la c e  

slow ly  and may be a s so c ia te d  w ith  metabolism of abdominal f a t .

The o b se rv a t io n s  re p o r te d  g ive evidence to  suggest the  no tion  of 

organ hypertrophy during  l a c t a t i o n .  What i s  not c l e a r  i s  th e  casual 

r e l a t i o n s h i p  b e tw een  i n t a k e  and h y p e r t ro p h y .  F e l l  e t  a l .  ( 1 963) 

o f f e r s  th r e e  p o s s ib le  causes of hypertrophy. The f i r s t  i s  thought to  

be "work hypertrophy" a s  a r e s u l t  of prolonged d i s t e n t io n  a s so c ia te d  

w ith  an in c re a s e  i n  food consumption. Secondly, th e re  may be hormonal 

s t i m u l a t i o n  of th e  g u t  w a l l  b ro u g h t  a b o u t  by l a c t o g e n i c  horm ones, 

l a c t a t i o n  i t s e l f  o r by s u c k l i n g .  H y pertrophy  c o u ld  a l s o  be a 

fu n c t io n a l  a d a p ta t io n  not d i r e c t l y  due to  in c re a se d  in ta k e ,  but to  the
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in c re a se d  demands made on th e  body during  l a c t a t i o n .  I t  i s  p o s s ib le  

t h a t  fo o d  i n t a k e  i s  c l o s e l y  in v o lv e d  i n  th e  e p i t h e l i a l  h y p e r p l a s i a  

a s s o c ia te d  w ith  l a c t a t i o n .  The most l i k e l y  mechanisms appear to  be 

d i r e c t  s t im u la t io n  of e p i t h e l i a l  c e l l  metabolism during  VFA ab so rp tio n  

and m etabolism  (F e l l  and Weekes, 1975).

Level o f  m ilk  p roduction  a s  i t  a f f e c t s  vo lun ta ry  in ta k e  has been 

d i f f i c u l t  to  determ ine f o r  th e  g raz ing  cow* C o rre la t io n  c o e f f i c i e n t s  

between m ilk  y i e ld  and d ig e s t ib le  o rgan ic  m a t te r  in ta k e  have been as  

h igh  as .45 (Curran and Holmes, 1970) but a r e  g e n e ra l ly  lower (Bines, 

1976). Jo h n so n  e t  a l .  ( 1966) fo u n d  t h a t  t h e  two v a r i a b l e s  w ere  

i n t e r d e p e n d e n t ,  to  t h e  e x t e n t  t h a t  t h e  c o e f f i c i e n t  o f  c o r r e l a t i o n  

between them approached 0.6. The r e l a t i o n s h ip  i s  confused a s  to  which 

i s  th e  casual mechanism. I f  the  energy requ irem en ts  f o r  l a c t a t i o n  a re  

met, then m ilk  p roduc tion  would de term ine  the  amount of fo rage  needed. 

When in ta k e  i s  r e s t r i c t e d  by p hys ica l  f a c to r s  however, m ilk  y ie ld  w i l l  

more l i k e l y  depend on the  amount o f  m e tab o lizab le  energy the  anim al 

can  d e r i v e  from  th e  f e e d  ( B a i l e  and F o rb es ,  1974). Jo n es  e t  a l .  

(1965) e s t im a te d  summer d ig e s t ib le  o rgan ic  m a t te r  in ta k e  to  be about 

2 .3% o f  body w e ig h t  f o r  h ig h  m i lk  p r o d u c t io n  (38 lb s  f a t - c o r r e c t e d  

m ilk (FCM)Zd) and 2.1% f o r  low m ilk  producing (28 lb s  FCM/d) Ayrshire 

c a t t l e .  Mean l i v e  body w e ig h ts  d id  n o t  d i f f e r  b e tw ee n  y i e l d  l e v e l  

g ro u p s .  F i e l d  (1 966) fo u n d  no r e l a t i o n s h i p  be tw een  m i lk  p ro d u c t io n  

and dry  m a t t e r  i n t a k e  a s  m i lk  y i e l d  o f  l a c t a t i n g  d a i r y  cows dropped  

markedly from May to  October. These r e s u l t s  may have been masked by 

herbage a v a i l a b i l i t y  and low l i v e  w eigh t changes. Milk p roduction  has 

been  shown to  depend on th e  amount of d i g e s t i b l e  en e rg y  a cow
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consumes. D ie ts  co n ta in in g  0 to  25% roughage co n ta in  s i m i l a r  amounts 

of d ig e s t ib le  energy. As roughage in c re a s e s  to  50 o r 75%, in ta k e  but 

n o t  m i lk  y i e l d  may become d e p re s s e d .  At 100% ro u g h ag e , d i g e s t i b l e  

energy in ta k e  becomes low enough to  dep ress  m ilk  y i e ld  of d a iry  cows. 

The cows examined produced between 12 and 20 kg/d m ilk  and l iv e w e ig h t  

changes were g e n e ra l ly  n ega tive  f o r  a l l  r a t io n s  (Nelson e t  a l . ,  1968 

a s  c i t e d  by Bines, 1976).

P regnancy  has  been shown to  hav e  a p o s i t i v e  e f f e c t  on i n t a k e  i n  

th e  e a r l y  s t a g e s  b u t  a n e g a t i v e  e f f e c t  l a t e r  on. C om press ion  o f  th e  

d i g e s t i v e  t r a c t  due to  f e t a l  g ro w th  i s  a m a jo r  i n f l u e n c e  on i n t a k e  

during  pregnancy (Bines, 1971; Campling, 1966; Forbes, 1971). As the  

volume of th e  u te ru s  p lu s  abdominal f a t  in c re a s e s ,  th e  volume of rumen 

co n ten ts  d ecreases  as does th e  v o lu n ta ry  in ta k e  of roughage (Forbes, 

1971). This i s  e s p e c ia l ly  ev iden t during  th e  l a s t  f i v e  weeks before  

p a r tu r i t i o n .  In  o rder to  compensate f o r  t h i s  d e c l in e  i n  in ta k e ,  the  

anim al i s  a p p aren tly  ab le  to  in c re a se  th e  r a t e  of passage of food a s  

p reg n an cy  ad v an c e s  (B in e s ,  1971). I n t a k e  d e p r e s s io n  may a l s o  be 

r e l a t e d  t o  m e ta b o l i c  ch an g es  t h a t  o c c u r  w i th  p reg n an cy  (C am pling ,

I 966). O e s tro g en  d e p r e s s e s  fo o d  i n t a k e  and  t h e r e  i s  a  p r o g r e s s i v e  

in c re a se  i n  oestrogen  s e c r e t io n  during  th e  second h a l f  of pregnancy in  

rum inants (Forbes, 1971).

I t  i s  g e n e r a l l y  a c c e p te d  t h a t  t h e  cow does n o t  r e a c h  m a tu re  

p h y s i c a l  s i z e  u n t i l  s i x  or seven  y e a r s  o f  age  (B in e s ,  1976). D uring  

t h i s  t i m e ,  u n d e r  most c o n d i t i o n s ,  t h e  energy  c o s t  o f  a u n i t  w e ig h t  

g a in  w i l l  be between 1.2 and 8.0 m cal/kg of f a t - f r e e  body weight (NRC, 

1984). Assuming t h a t  range fo rag es  p rovide  approxim ately  5 mcal/kg of



DM (Havstad, 1984) a continuously  growing cow would need between .25 

and 1.6 kg o f f o r a g e  j u s t  to  s a t i s f y  h e r  g ro w th  r e q u i r e m e n t .  

Voluntary in ta k e  in c re a s e s  a s  th e  anim al achieves m ature  weight but 

n o t  i n  d i r e c t  p ro p o r t io n  to  th e  in c re a s e s  i n  body w eight. For example 

F o rb es  (1971) showed t h a t  c a t t l e  w e ig h in g  225 kg consumed 5.6 kg o f  

d ry  m a t t e r  w h e re a s  th e  same c a t t l e  a t  425 kg consumed 7 .2  kg, an  

i n c r e a s e  o f  28% v e r s u s  a body w e ig h t  i n c r e a s e  o f  89%. I n ta k e  

in c re a s e s  when the energy needs f o r  growth a re  h ighe r ,  about I kg DM 

f o r  cows b e tw een  t h e  f i r s t  and seco n d  l a c t a t i o n  ov e r  t h e  a d d i t i o n a l  

in ta k e  due to  in c re a s e  i n  body weight (Jo u rn e t  and Remond, 1976). In  

m ature an im als  of the  same breeding, changes i n  body weight and v is u a l  

r a t i n g  of body co n d it io n  has been shown to  have l i t t l e  r e l a t io n s h ip  to  

i n t a k e  d i f f e r e n c e s  (Jo h n so n  e t  a l . ,  I 966). A rnold  (1970) a s  c i t e d  by 

A l l i s o n  (1985) s t a t e d  t h a t  i n t a k e  i s  r e l a t e d  to  body c o n d i t i o n ,  b u t  

th e  in d iv id u a l  v a r i a t i o n  of g raz ing  an im a ls  makes l iv e w e ig h t  changes a 

poo r i n d e x  of i n t a k e  even  when a c c o u n t in g  f o r  d i f f e r e n c e s  i n  

p ro d u c t iv i ty .

Forage F ac to rs

G raz in g  r u m in a n t s  e x h i b i t  d i s t i n c t  s e l e c t i v i t y  when p r e s e n t e d  

w i th  an  a r r a y  o f  f o r a g e  c h o ic e s  (McClymont, 1967). R angelands  

ty p ic a l ly .p ro d u c e  d iv e rse  v e g e ta t io n ,  no t a l l  of which i s  p re fe r re d  by 

d o m e s t ic  h e r b i v o r e s .  In  o r d e r  to  d e s c r i b e  how g r a z i n g  s t r a t e g y  

a f f e c t s  in ta k e ,  i t  i s  necessary  to  i d e n t i f y  those c h a r a c t e r i s t i c s  of 

f o r a g e  t h a t  i n f l u e n c e  p r e f e r e n c e .  T here  i s  no e v id e n c e  t h a t  h ig h  

p a l a t a b i l i t y  p e r  se  a f f e c t s  t o t a l  d a i l y  fo o d  i n t a k e ,  b u t
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u n p a la t a b i l i t y  can c e r t a in ly  reduce i t  (McClymont, 1967). The animal 

can  r e c o g n iz e  p l a n t s  by s e n s e s  of s i g h t ,  to u c h ,  t a s t e  and s m e l l ,  

a lthough  th e re  i s  no r e l a t i o n s h ip  between odor and p a l a t a b i l i t y  (Van 

Dyne e t  a l . ,  1980). P l a n t  s e l e c t i o n  depends  on th e  q u a n t i t y  and 

q u a l i t y  o f  f o r a g e  s p e c i e s ,  and  w i l l  c h a n g e  w i t h  s e a s o n  a n d  

u t i l i z a t i o n  th e  s p e c i e s .  Among th o s e  f a c t o r s  a s s o c i a t e d  w i th  th e  

q u a l i ty  of fo rage  and hence i t s  d i g e s t i b i l i t y ,  a re  th e  amount of f i b e r  

and green  l e a f  m a te r ia l .  Grazing an im a ls  s e l e c t  green i n  p re fe rence  

to  dry  m a t e r i a l  (A rn o ld ,  1964). The s e l e c t e d  m a t e r i a l  u s u a l l y  i s  

h i g h e r  i n  n i t r o g e n  and lo w e r  i n  f i b e r ,  s i g n i f y i n g  t h a t  ch em ica l  

c o m p o s i t io n  may be a s s o c i a t e d  w i th  p h y s i c a l  c h a r a c t e r i s t i c s  o f  

s e l e c t e d  p l a n t  p a r t s  (A rn o ld ,  1964). Many s t u d i e s '  have  d e p ic t e d  a 

r e l a t i o n s h i p  b e tw een  i n t a k e  and d i g e s t i b i l i t y .  I n  one s tu d y ,  

d i g e s t i b i l i t y  was in f lu en ced  by fo rage  n i tro g en , so lu b le  carbohydrate  

c o n t e n t ,  a v a i l a b l e  dry  m a t t e r  and t im e  o f y e a r  (A rn o ld ,  1 970). Van 

S o e s t  (1965) co n c lu d e d  t h a t  t h e  i n t e r r e l a t i o n s h i p s  among i n t a k e ,  

d i g e s t i b l i t y  and c h e m ic a l  c o m p o s i t io n  a r e  h igh ly  p la n t  o r ie n te d .  He. 

re p o r te d  a p o s i t iv e  a s s o c ia t io n  between m a tu r i ty  and v o lu n ta ry  in ta k e  

of t a l l  fescue , p o ss ib ly  because of some u n p a la tab le  to x ic  substance 

p r e s e n t  i n  t h e  young p l a n t .  The o n ly  c o n s i s t e n t  e f f e c t  f o r  a l l  

f o r a g e s  was found  t o  be t h e  t o t a l  f i b r o u s  f r a c t i o n  o r  c e l l  w a l l  

c o n s t i tu e n ts  whih i s  i n v e r s e ly  r e l a t e d  to  d i g e s t i b i l i t y  (Van S o e s t ,

I 982). As t h i s  f r a c t i o n  i n c r e a s e s ,  v o l u n t a r y  i n t a k e  d e c l i n e s .  The 

p o in t  a t  which t h i s  f i b e r  mass becomes l i m i t i n g  occurs  when c e l l  w a l l s  

make up 50 to  6 0% o f  t h e  f o r a g e  dry  m a t t e r  (Van S o e s t ,  I 965). On h ig h  

q u a l i t y  f o r a g e s  t h e r e  i s  some e v id e n c e  o f  s a t i e t y  b e f o r e  rumen f i l l
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from  th e  f a c t  t h a t  i n t a k e  of c e l l  w a l l s  i s  lo w e r .  Osbourn (1974) a s  

c i t e d  by Van S o e s t  ( 1982) s u g g e s te d  t h a t  i n t a k e  o f  h ig h  q u a l i t y  

im m ature fo rag e s  i s  l i m i t e d  because of the  high so lu b le  carbohydrate  

c o n te n t  w h ich  may c au se  a d rop  i n  rum en pH. Thin c e l l  w a l l s  of 

im m ature fo rag e s  a r e  not only more d ig e s t i b l e ,  but a r e  more l i k e l y  to  

c o l l a p s e  upon r u m i n a t io n  (Van S o e s t ,  1982). C o rb e t t  e t  a l .  ( 1 963) 

fo u n d  DOM i n t a k e  of d a i r y  cows t o  f a l l  by 20% as  d i g e s t i b i l i t y  f e l l  

f ro m  80 to  6 8% d u r in g  th e  g ro w in g  s e a so n .  H ollow ay e t  a l .  (1979) 

showed t h a t  t h e  i n t a k e  of l a c t a t i n g  b e e f  cows f e l l  by 1.3 kg DM/d a s  

f o r a g e  DMD dropped  from  a b o u t  6 1% to  5 8%. Crude p r o t e i n  c o n te n t  i s  

h ig h ly  r e l a t e d  t o  th e  p a l a t a b i l i t y  o f  ran g e  f o r a g e s .  The c r i t i c a l  

l e v e l  of p r o t e i n  i s  commonly i n  t h e  ra n g e  o f  4 t o  6%. V a lues  below 

t h i s  l e v e l  may l i m i t  d i g e s t i o n  ( S t r e e t e r  e t  a l . ,  1974). S e v e ra l  

c h e m ic a l  c o n s t i t u e n t s  such  a s  l i g n i n  and t a n i n s  a r e  g e n e r a l l y  

a s s o c i a t e d  w i th  low p a l a t a b i l i t y ,  b u t  h i g h 'p r o p o r t i o n s  o f  f a t s  and 

e th e r  e x t r a c t  a re  c o r r e la te d  w ith  h igh p a l a t a b i l i t y .  I t  may be t h a t  a 

c o m b in a t io n  of c h e m ic a l  compounds r a t h e r  th a n  t h e  i n d i v i d u a l  

c o n s t i tu e n ts  a f f e c t  p a l a t a b i l i t y  (Van Dyne e t  a l .  1980).

Q ua lity  of p la n t  m a te r ia l  i s  a l s o  determ ined by th e  degree of use 

o r  a v a i l a b i l i t y  of p r e f e r r e d  v e g e t a t i o n .  P ie p e r  e t  a l .  (1959) a s  

c i t e d  by K a r tc h n e r  and Cam bell (1979) s t a t e d  t h a t  i n t a k e  d e c r e a s e s  

w i th  heavy g r a z in g  a s  does  th e  d i g e s t i b i l i t y  of th e  n u t r i e n t s  

consumed. P ro te in ,  g ro ss  energy, e th e r  e x t r a c t  and phosphorous tend to  

decrease  a s  w e l l .  The graz ing  bovine moves i n  a h o r iz o n ta l  plane but 

s e l e c t s  f o r a g e  i n  a v e r t i c a l  p la n e ,  c h o o s in g  l e a f  i n  p r e f e r e n c e  t o  

s tem  (A rn o ld ,  196 4). A v a i l a b i l i t y  i n c l u d e s  y i e l d  a s  w e l l  a s  th e



17

p h y s i c a l  p r e s e n t a t i o n  o f  f e e d .  The p re s e n c e  of s p in e s ,  p l a n t  

m orphology  and e x c e s s iv e  dead g ro w th  may i n h i b i t  a c c e s s i b i l i t y  to  

o the rw ise  p re fe r re d  fo rage . A study conducted by Arnold (19.64) showed 

t h a t  d i e t s  b e tw ee n  two g ro u p s  of sh eep  a t  d i f f e r e n t  s t o c k i n g  r a t e s  

were s i m i l a r  i n  q u a l i ty  and com position, y e t  in ta k e  was s ig n i f i c a n t ly  

l e s s  f o r  sheep  a t  t h e  lo w e r  s to c k i n g  r a t e  due to  an  i m p e n e t r a b l e  

p a s t u r e  s t r u c t u r e  and t h e  i n a b i l i t y  o f  t h e  sheep  t o  g r a z e  p r o p e r ly .  

In take  dep ress ion  due to  decreased fo rag e  a v a i l a b i l i t y  has been shown 

by o t h e r  r e s e a r c h e r s  a s  w e l l  (A lden and W h i t t a k e r ,  1970; A rnold , 

1970). There i s  l i t t l e  consis tency  a s  to  th e  low er l i m i t  of adequate 

herbage. Hodgson and W ilkinson (1967) a s  c i t e d  by Arnold (1970) found 

t h a t  i n t a k e  of cows, h e i f e r s  and c a l v e s  was u n a f f e c t e d  when 

a v a i l a b i l i t y  was r e d u c e d  from  8,000 to  2 ,000 k g / h e c t a r e .  N a s t i s  

(1979) found th a t  only 143 kg DM/hectare was necessary  f o r  the  optimum 

i n t a k e  of h e i f e r s ,  w h i l e  Handl and R i t t e n h o u s e  (1972) a s  c i t e d  by 

H av stad  e t  a l .  ( 1983) d e s c r ib e d  a d e c l i n e  i n  i n t a k e  when f o r a g e  

a v a i l a b i l i t y  was l e s s  than  176 k g /h e c ta re .  Havstad (1981) e s t im a ted  

th e  in ta k e  of h e i f e r s  to  be 1.3% BW throughout a fo rage  supply of 880 

kg DM/hectare to  284 kg DM/hectare. Under bulk l i m i t i n g  con d it io n s ,  

w here  d i g e s t ! b l i t y  en erg y  c o n te n t  i s  l e s s  th a n  2.7 k c a l / g  DM, th e  

q u a n t i ty  of fo rage  a v a i l a b le  to  h e i f e r s  may not a f f e c t  v o lu n ta ry  d a i ly  

i n t a k e  (H av s tad  e t  a l . ,  1983). O th e r  f a c t o r s  such  a s  d e c l i n e  i n  th e  

q u a l i ty  of a v a i l a b le  fo rage  or g raz ing  f a t ig u e  may be re sp o n s ib le  fo r  

r e d u c t io n  i n  the  v o lu n ta ry  in ta k e  of th ese  anim als.

A v a i la b i l i ty  may be more c lo se ly  r e l a t e d  to  p la n t  h e ig h t  r a th e r  

th a n  y i e l d  w h ich  may a c c o u n t  f o r  t h e  l a c k  of a g re e m e n t  i n  th e
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l i t e r a t u r e  b e tw een  i n t a k e  and h e rb a g e  a v a i l a b i l i t y .  In  a s tu d y  

conducted w ith  lambs and y e a r l in g  sheep, in ta k e  in c re a se d  ra p id ly  w ith  

i n c r e a s i n g  t i l l e r  l e n g t h  up to  15 cm. T h e r e a f t e r ,  t h e r e  was l i t t l e  

change i n  i n t a k e  a s  t i l l e r  l e n g t h  i n c r e a s e d  ( A lld en  and W h i t ta k e r ,  

1970). As.fo rag e  becomes sca rce , in c reased  g raz ing  t im e  i s  needed to  

m a in ta in  the  same in ta k e  l e v e l  on p a s tu re s  of low fo rage  a v a i l a b i l i t y .  

I n t a k e  p e r  hou r d e c r e a s e s  a s  g r a z in g  t im e  i n c r e a s e s ,  b eca u se  lo w e r  

in ta k e  per b i t e  i s  n o t f u l l y  compensated by in c re a s in g  b i t e  per minute 

(Arnold, 1964).

Environmental F ac to rs

B e s id e s  t h e  more a p p a r e n t  com ponen ts  c r e a t i n g  t h e  fo o d  i n t a k e  

model i n  g raz ing  rum inants , th e re  a re  o th e r  s t im u l i  surrounding  the 

animal which i n h i b i t  or enhance i t s  fo rag in g  mode. Soc ia l  in t e r a c t io n  

and environm enta l te m p e ra tu re  a r e  e s p e c i a l l y  i m p o r t a n t  f o r  a n im a ls  

exp o sed  to  a v a r i e t y  o f  l i v i n g  c o n d i t i o n s .  B e s id e s  t h e  i n s t i n c t i v e  

behavior e x h ib i te d  by young an im als , McClymont (1967) d is c u s se s  fou r  

le a r n in g  p ro cesses  t h a t  determ ine s e l e c t i v i t y  and consequently  forage 

in ta k e .  The f i r s t  i s  a l le lo m im e t ic  or mimicing behavior most o f ten  

d i s p l a y e d  a s  i m i t a t i o n  of th e  dam. Sheep d i e t s  o f  dams and t h e i r  

daughters  d i f f e r e d  l e s s  than u n r e l a t e d  sh eep  a s  d a m /d a u g h te r  g roups  

t e n d  t o  occupy th e  same home ra n g e  and hence  g r a z e  t h e  same p l a n t  

c o m m u n it ie s .  I t  t h e r e f o r e  a p p e a r s  t h a t  th e  num erous g ro u p s  t h a t  

c o m p r is e  a f l o c k  o f  sheep  do n o t  occupy th e  same n u t r i t i o n a l  

environment (Hunter and M ilner, 1963). Secondly, h a b i t  or p re ference  

due to  p rev ious experience  has an e f f e c t  on s e l e c t i v i t y  when anim als
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a r e  p r e s e n t e d  w i th  a d i v e r s e  f o r a g e  r e s o u r c e .  A rnold  and M a i l e r  

( I 977) a s  c i t e d  by A rnold  and D u d z in sk i  (197 8) s t a t e d  t h a t  i n t a k e  of 

sh ee p  i n e x p e r i e n c e d  on p a s t u r e  may be lo w e r  by 50% th a n  t h a t  of 

e x p e r i e n c e d  sh eep . A t h i r d  l e a r n e d  r e s p o n s e  to  g r a z in g  i s  an 

a v o i d a n c e  o f  p l a n t s  p r o d u c i n g  a n e g a t i v e  r e s p o n s e  s u c h  a s  

in to x ic a t io n .  The chances of an anim al l e a r n in g  from such an e f f e c t  

a re  reduced when th e  cum ula tive  damage i s  slow a c t in g  and when a la rg e  

s e l e c t i o n  of p l a n t s  i s  a v a i l a b l e .  L a s t l y ,  h a b i t u a t i o n  can cau se  an 

anim al to  reduce s e l e c t i v i t y  when rep ea ted  o r  continued exposure to  a 

p a r t i c u l a r  fo o d  p ro m o te s  a d d i c t i o n  (A rno ld  and M a i l e r ,  1977). 

H a b i t u a t i o n  can  be a c c e l e r a t e d  by a n u t r i e n t  d e f i c i e n c y  o r from  a 

p o s i t iv e  p a l a t a b i l i t y  re a c t io n .  The f a c t  th a t  g raz ing  rum inan ts  l e a r n  

from prev ious experiences  lends  evidence to  a hedaphagic r a t h e r  than 

a euphagic f o r a g i n g  s t r a t e g y .

Grazing rum inants  i n t e r a c t  s o c ia l ly  w ith  o th e rs ,  m utually  causing 

ch an g es  i n  g r a z in g  t im e  and d i s t r i b u t i o n .  I t  i s  c o n c e iv a b le  t h a t  

p y s c h ic  s t r e s s  in d u c e d  by h ig h  s to c k i n g  r a t e s  w i th  low fo ra g e  

a v a i l a b i l i t y  may re d u c e  i n t a k e  of a n im a l s  low i n  th e  s o c i a l  o rd e r  

(McClymont, 1967). Sheep have shown a g raz in g  h ie ra rch y  in  which the  

weaker ewes a r e  fo rced  to  d isp e r se  to  the  poorer pa tches  of v e g e ta t io n  

(Hunter and M ilner, 1963). Socia l i n t e r a c t i o n  p lays  an im p o r tan t  but 

v a r i a b le  r o l e  i n  a f f e c t in g  g raz ing  tim e. Tribe (1950) re p o r te d  th a t  

supplemented sheep grazed longer  when mixed w ith  unsupplemented sheep, 

an e f f e c t  regarded  a s  s o c ia l  f a c i l i t a t i o n .  Holder (1962) a lso  noted a 

s o c ia l  i n h i b i t i o n  e f f e c t  on mixed unsupplemented sheep, causing them

to  reduce g raz in g  time.
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T h e r m o s ta t i c  c o n t r o l  of f e e d  i n t a k e  was r e v ie w e d  by B a i l e  and 

F o rb es  (1974) , and J ones (1972). In  o r d e r  t o  m a in t a i n  body h e a t ,  

a n im a l s  m ust e a t ,  bu t to  p r e v e n t  h y p e r th e r m ia ,  e a t i n g  m ust c ea se  

(B ro b eck , 1948 a s  c i t e d  by B alch  and  C am pling , I 962), Jo n e s  (1972) 

s t a t e d  t h a t  th e rm o s ta t ic  r e g u la t io n  of feed  in ta k e  i n  rum inan ts  i s  a 

response  to  environm ental tem pera tu re  r a th e r  than h ea t  genera ted  from 

m e ta b o l ism  of fe e d \  n u t r i e n t s .  T here  i s  g e n e r a l l y  a p o s i t i v e  

r e l a t i o n s h i p  be tw een  t e m p e r a t u r e  and i n t a k e ,  b u t  a t  e x t r e m e ly  h ig h  

t e m p e r a t u r e s ,  i n t a k e  i s  h a l t e d  (Van Dyne e t  a l . ,  I 980). C on tinuous  

high  tem p era tu res  depress  in ta k e  such t h a t  ze ro  energy balance cannot 

be m ain ta ined , and above 40° C rum inan ts  of tem pera te  c l im a te s  do no t 

e a t  a t  a l l  (B a i l e  and F o rb e s ,  1974). I n c r e a s i n g  th e  t e m p e r a t u r e  of 

rum en c o n t e n t s  from  3 8° C to  41 .3°  C d e c r e a s e d  i n t a k e  by I 5% ( B a i l e  

and F o rb e s ,  1974). In  o r d e r  to  m a i n t a i n  i n t a k e  d u r in g  h o t  w e a th e r ,  

f r e e - r a n g i n g  a n im a l s  w i l l  a d j u s t  t h e i r  g r a z in g  t im e  by g r a z in g  a t  

n i g h t  o r  d u r in g  th e  c o o l e s t  p a r t  of th e  day (A rno ld  and D u d z in sk i ,  

1978; McClymont, 1967) .

I n c r e a s e s  i n  fo o d  i n t a k e  due t o  c o ld  s t r e s s  a r e  n e c e s s a ry  to  

m a i n t a i n  en e rg y  b a la n c e  and body t e m p e r a t u r e .  The g r e a t e r  th e  h e a t  

l o s s ,  t h e  g r e a t e r  th e  i n c r e a s e  i n  i n t a k e .  The fo o d  i n t a k e  r a t e  o f  

d a i r y  cows i n c r e a s e d  by a b o u t  3 kg a s  th e  d a i l y  a i r  t e m p e r a t u r e  

d e c r e a s e d  from  4 to  I °  C and c o n t in u e d  f o r  a t  l e a s t  24 h o u rs  a f t e r  

c o ld  s t r e s s  (McDonald and B e l l ,  1958 a s  c i t e d  by Van Dyne e t  a l . ,  

1980). Typical low c r i t i c a l  tem p era tu res ,  below which th e  animal i s  

unable to  m a in ta in  body h e a t ,  a re  b e liev ed  to  be between -10 and -20 C 

f o r  d ry ,  p r e g n a n t  b e e f  cows. R ecen t s t u d i e s  h av e  a l s o  shown a
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d e p r e s s i o n  i n  t h e  a b i l i t y  of r u m in a n t s  t o  d i g e s t  f e e d  d u r in g  c o ld  

s t r e s s ,  independent of t h e i r  food in ta k e .  D i g e s t i b i l i t y  decreases  by 

about 2 percen tage  u n i t s  per  10 C drop i n  ambient tem p era tu re  (Young 

1980). A f te r  s h e a r in g ,  DOM i n t a k e s  r o s e  by 42-62% i n  g r a z in g  sheep . 

The in c re a s e  was exp la ined  by an a c c e le r a te d  r a t e  of energy metabolism 

induced by cold  s t r e s s  (4-27° C) (Wheeler e t  a l . , 1963) .

The e f f e c t  o f  day l e n g th  on i n t a k e  i s  n o t  c l e a r l y  u n d e rs to o d .
1

One s tu d y  w i th  sheep  showed t h a t  a n im a l s  w i th  16 h o u r s  o f  l i g h t  p e r  

day had 6% h ig h e r  fo o d  i n t a k e s  th a n  th o s e  w i th  8 h o u rs  o f  l i g h t  

( El-Shahat e t  a l . , 1974 as c i t e d  by Van Dyne e t  a l . , 1980) .

P roductive  E f f ic ien c y  o f Free-Ranging Cows Varying in  B io lo g ic a l  
P o te n t ia l

In fo rm a tio n  on th e  feed  e f f ic ie n c y  of g raz ing  cows i s  e s s e n t i a l l y  

n o n e x i s t e n t .  C o n s id e r in g  th e  d i f f i c u l t y  i n  o b t a i n i n g  r e l i a b l e  

d e te rm in a tio n s  of fo rage  in ta k e  f o r  rangeland  c a t t l e ,  e f f o r t s  to  make 

c o n c lu s iv e  i n t e r p r e t a t i o n s  of th e  b a la n c e  b e tw een  f e e d  i n p u t  and 

p ro d u c tiv e  output a r e  i n  th e  p r im i t iv e  s tag e s .  Although some of th e  

p r in c ip le s  invo lved  i n  e f f ic ie n c y  d e te rm in a t io n s  of s t a l l - f e d  an im als  

may a p p ly  to  t h e  g r a z in g  a n im a l ,  many more f a c t o r s  a f f e c t  t h e  

e f f i c i e n c y  o f  f e e d  u t i l i z a t i o n  on th e  ra n g e  due to  t h e  more v a r i e d  

environment. Confounding th e  s i t u a t i o n  f u r th e r  i s  th e  energy balance 

o f  th e  a n im a l ,  d e te rm in e d  by i t s  g r a z in g  a c t i v i t i e s  and need f o r  

th e r m a l  r e g u l a t i o n .  A f te r  e s t i m a t i n g  t h e  f o r a g e  i n t a k e  and f o r a g e  

d i g e s t i b i l i t y  f o r  f r e e - ra n g in g  rum inan ts ,  the  rem ain ing  v a r i a t i o n  i n  

anim al performance w i l l  be in c o rp o ra te d  i n  i t s  e f f ic ie n c y  (Van Soest, 

1982) .



22

In  r e l a t i n g  phenotype to  th e  e f f ic ie n c y  of g raz ing  cows, Holloway 

and B u t t s  (1983) n o te d  t h a t  e f f i c i e n c y  o f  m ilk  p r o d u c t io n  was 

p o s i t iv e ly  r e l a t e d  to  l e v e l  of m ilk  p roduc tion  and n e g a t iv e ly  r e la te d  

to  s t r u c t u r a l  s i z e  r e g a rd le s s  of p a s tu re  q u a l i ty .  S t r u c t u r a l l y  l a r g e r  

cows g raz ing  fescue-legum e p a s tu re s  consumed more fo rage  but produced 

no more m ilk  th a n  s m a l l e r  cows. T h e r e f o r e ,  th e y  p ro d u ced  m ilk  l e s s  

e f f i c i e n t l y .  In  a d d i t io n ,  l a r g e r  cows g raz ing  fescue  d id  no t in c re a se  

i n t a k e  i n  p r o p o r t i o n  to  t h e i r  s i z e  and w ere  a g a in  l e s s  e f f i c i e n t  

producers  of m ilk  and c a l f  g a in  than  cows of sm a l le r  s t r u c t u r a l  s ize .  

The r e l a t io n s h ip  between s t r u c t u r a l  dimension and e f f ic ie n c y  f o r  cows 

g r a z in g  f e s c u e  was confounded  by ch an g es  i n  cow w e ig h t  and f a t n e s s  

during  l a c t a t i o n  and c a l f  weaning w eigh t: cow w eight r a t i o s .  Fatness 

w as n o t  s i g n i f i c a n t l y  r e l a t e d  to  m i lk  p r o d u c t io n  f o r  cows g r a z in g  

e i t h e r  f e s c u e  -  legum e o r  f e s c u e  p a s t u r e s ,  b u t  t h i n  cows g r a z in g  

fescue  tended to  be more e f f i c i e n t  producers  of milk than  f a t  cows.

R esu l ts  from Nutt e t  a l .  (1980) show th a t  s t r u c t u r a l l y  la rg e  cows 

have  l a r g e r  rum en c a p a c i t i e s  thaiq s m a l l  cows. A lthough  cows w i th  

l a r g e  rumen c a p a c i t i e s  consumed more fo rage  on low q u a l i ty  p a s tu res  

(DM d i g e s t i b i l i t y  of 55%) th a n  cows w i th  s m a l l e r  rum ens , rumen 

c a p a c i t y  was n o t  r e l a t e d  t o  e i t h e r  m i lk  p ro d u c t io n  o r  c a l f  w ean ing  

w eight. These r e s u l t s  suggest t h a t  cows w ith  la rg e  rumen c a p a c i t i e s  

u t i l i z e  t h e i r  e x t r a  n u t r i e n t s  f o r  f u n c t i o n s  o t h e r  t h a n  m i l k  

p roduc tion .

In  an  e f f o r t  to  d e te r m in e  t h e  i n f l u e n c e  of s ea so n  on t h e  

e f f i c i e n c y  o f cows v a r y in g  i n  f ram e  s i z e  and f a t n e s s ,  H ollow ay and 

B u tts  (1984) concluded t h a t  much more v a r i a t i o n  i n  m ilk  p roduction  and
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c a l f  g ro w th  was n o te d  f o r  cows g r a z in g  f e s c u e  legum e d u r in g  t h e  

sp ring . E f f ic ien c y  of conversion of DE above maintenance to  m ilk was 

ag a in  n e g a t iv e ly  r e l a t e d  to  fram e s i z e  f o r  cows g raz ing  both fescue -  

legum e and f e s c u e  p a s t u r e s ,  b u t  was much more p ronounced  f o r  cows 

g raz ing  fe sc u e .

A ccord ing  t o  K ronberg  (1983) l a c t a t i n g  H e re f o rd  cows g r a z in g  

summer f o o t h i l l  ran g e  consumed .84 kg OM p e r  kg o f  m i lk  produced  

d u r in g  Ju n e ,  I 983 > w h i l e  3 /4  S im m en ta l  x 1 /4  H e re fo rd  cows r e q u i r e d  

1.12 kg p e r  kg m ilk .  The H e r e f o r d s  w e ighed  an  a v e ra g e  o f  441 kg and 

y i e l d e d  a p p r o x im a te ly  11 kg o f  m i lk  d a i l y  w h i le  t h e  3 /4  S im m en ta ls  

w eighed  563 kg and p ro d u ced  a b o u t  1 2 kg p e r  day. The r e l a t i o n s h i p  

b e tw een  e f f i c i e n c y  of m i lk  y i e l d  and body s i z e  of d a i r y  cowswas 

th o ro u g h ly  re v ie w e d  by M o r r is  and W il to n  (1976). The av erag e  

c o r r e l a t i o n  b e tw een  d a i r y  e f f i c i e n c y  ( m i lk  y i e l d / f e e d  i n t a k e )  and 

measures of body s iz e  was found to  be -0.18 and g en e tic ,  c o r r e la t io n s  

a v e ra g e d  -0 .3 7 .  In  c o n t r a s t ,  o v e r a l l  c o r r e l a t i o n s  b e tw een  d a i r y  

e f f ic ie n c y  and le v e l  of m ilk  y ie ld  were 0.81 and g e n e t ic  c o r r e la t io n s  

were about O.89. The o v e ra l l  r e l a t io n s h ip  between m ilk  y i e ld  and body 

s iz e  was 0.33 w i th in  breeds of d a iry  c a t t l e  w hile  g e n e t ic  c o r r e la t io n s  

a v e ra g e d  0.14. Holmes (1973) found  no n u t r i t i o n a l  a d v an tag e  i n  

in c re a se d  body s iz e  f o r  m ilk  p roduction , but an apparen t advantage f o r  

m eat p r o d u c t io n .  R e s u l t s  from  Bowden ( 198I ) s u p p o r t  a g e n e r a l  

conclusion  th a t  the  conversion of energy consumed by a cow and c a l f  to  

w e ig h t  o f  weaned c a l f  d u r in g  t h e  f i r s t  l a c t a t i o n  does  n o t  d i f f e r  

s i g n i f i c a n t l y  be tw een  b i o l o g i c a l  ty p e s  of cows under  th e  same
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management. Other measures of e f f ic ie n c y  a re  o u ts id e  th e  context of 

t h i s  l i t e r a t u r e  review although equally  im portan t.

P revious In tak e  Estim ates Using Chromic Oxide

When the d ie t  s e le c te d  by d i f f e r e n t  groups of g raz in g  an im als  i s  

assumed to  be of th e  same d i g e s t i b i l i t y ,  e r r o r s  i n  comparing r e l a t i v e  

i n t a k e s  a r e  c r e a t e d  from  i n a c c u r a c i e s  i n  e s t i m a t i n g  f e c a l  o u tp u t  

(L a n g la n d s ,  I 97 5). A lthough t h e r e  a r e  many m ethods o f  d e te r m in in g  

f e c a l  o u tp u t  i n  ran g e  n u t r i t i o n ,  th e  use  of chromium s e s q u io x id e  

(CR2 Og) a s  an e x t e r n a l  i n d i c a t o r  i s  c o n s id e r e d  t o  be t h e  most 

s a t i s f a c t o r y  (L angelands, 1975).

The use of CRgOg h as  c e r t a i n  l i m i t a t i o n s ,  b u t  t h e s e  have  been  

th o ro u g h ly  i d e n t i f i e d  by v a r i o u s  r e s e a r c h e r s  (R a le ig h  e t  a l . ,  1980; 

Kotb and L uckey , I 972; L a n g la n d s ,  1975). Once t h e s e  p a r a m e te r s  a r e  

d e f in e d  and th e  t e c h n iq u e  i s  a d m i n i s t r a t e d  a c c o r d i n g l y ,  r e l i a b l e  

e s t i m a t e s  o f  f e c a l  o u tp u t  and s u b s e q u e n t ly  f o r a g e  i n t a k e  can be 

ob ta ined . Appendix t a b le  7 i s  an assemblage of in ta k e  e s t im a te s  and 

t h e i r  c o r r e s p o n d in g  d i g e s t i b i l i t y  v a lu e s  f o r  v a r io u s  breeds of cows 

us ing  the  chromic oxide techn ique.
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■ MATERIALS AND METHODS

The study s i t e  was lo c a te d  about 50 km south of Havre, Montana i n  

th e  Bear Paw Mountains. The p a s tu re  was 81 ha i n  s i z e  w ith  s lopes up 

to  i\0%. E leva tion  averaged 1300 m w ith  annual p r e c i p i t a t i o n  ranging 

from  45.7 to  50.8 cm. Upland a r e a s  w e re  d o m in a ted  by rough fe s c u e  

( Festuca  s c a b r e l l a ) . Idaho fescue  (Festuca  idahoens is ) ,  and bluebunch 

w h e a tg r a s s  (A gropyron  s p ic a tu m )  w i th  an open p o n d e ro sa  p in e  (P in u s  

ponderosa) overs to ry . Kentucky b l u e g r a s s  ( Poa p r a t e n s i s )  d om ina ted  

th e  lowland v e g e ta t io n  .The a rea  i s  c l a s s i f i e d  i n  th e  F ores t-G rassland  

com plex  of t h e  w e s t e r n  g l a c i a t e d  p l a i n s ,  and i s  t y p i c a l  o f  f o o t h i l l  

range land  i n  north  c e n t r a l  Montana (USDA-SCS 1976).

The cows used i n  the  study were randomly s e le c te d  as  6 or 7 y ea r  

o ld s  from  th e  Havre R esea rch  S t a t i o n  h e rd .  A ll  cows w e re  random ly  

a r t i f i c i a l l y  in sem ina ted  to  e i t h e r  C h a r lo i s  o r  T a r e n t a i s e  b u l l s .  In  

1983, 6 dry and 6 l a c t a t i n g  cows from s t r a ig h tb re d  Hereford (HH) and 

75%  S im m ental-50%  H e re fo rd  (3S1H) b re e d s  w ere  u sed . In  1984, 3 

a d d i t io n a l  breeds groups were examined, in c lu d in g  25% Simmental-75% 

H e re fo rd  ( I S3 H), 50% Sim m ental-50%  H e re fo rd  (SH), and 50% Angus-50% 

H ereford (AH). Six l a c t a t i n g  cows i n  each breed were used f o r  a t o t a l  

o f  30 head. To e s t im a te  d a i ly  fo r a g e .o rg a n ic  m a t te r  in ta k e  (OMI) the  

fo l lo w in g  equation  was used: OMI = d a i ly  f e c a l  output (OMB) /  ( I -IVOMD 

o f  th e  d i e t ) .  F e c a l  o u tp u t  f o r  each  cow was e s t i m a t e d  d u r in g  June , 

J u ly  and August each y e a r  u s in g  t h e  c h ro m ic  ox id e  (C r2 Og) d i l u t i o n  

techn ique . Total f e c a l  c o l l e c t io n s  from dry cows equipped w ith  f e c a l  

bags were a lso  conducted during  th e  1983 t r i a l  to  d e r iv e  a c o r re c t io n  

f a c t o r  f o r  the  d i f f e r e n c e s  between a c tu a l  f e c a l  ou tpu t and p red ic ted
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f e c a l  output using C^Og. Fecal c o l l e c t io n  bags and f e c e s -u r in e  f l a p s  

a s  d e s c r ib e d  by K a r tc h n e r  and R i t t e n h o u s e  (1979) w ere  p la c e d  on th e  

cows f o r  4 consecu tive  days each month and bags were changed every 12 

h o u r s .  C o l l e c t e d  f e c a l  m a t e r i a l  w as  w ie g h e d  t h e n  s u b s a m p l e d .  

Subsamples were f ro zen  f o r  dry m a tte r  and o rgan ic  m a tte r  a n a ly s is  a t  a 

l a t e r  d a t e .  B eg in n in g  5 days p r i o r  to  f e c a l  c o l l e c t i o n s ,  and 

c o n t in u in g  th ro u g h o u t  t h e  c o l l e c t i o n  p e r io d ,  cows w ere  dosed a t  

approx im ate ly  1800 h w ith  a 10 g Cr2Ô  powder bolus. At the  same tim e, 

r e c t a l  grab samples were taken  from each cow and frozen . To determ ine 

chromium c o n te n t ,  g rab  s a m p le s  w ere  th aw ed , d r i e d  a t  40 C, ground 

t h r o u g h  a 2 mm s c r e e n ,  and  p r e p a r e d  f o r  a t o m i c  a b s o r p t i o n  

s p e c t r o p h o to m e t r y  a c c o r d in g  to  W i l l i a m s  e t  a l .  ( 1 962). A ll f e c a l  

sam ples were analysed  f o r  dry m a tte r  and o rgan ic  m a t te r  fo l lo w in g  AOAC 

( I 970) p r o c e d u r e s .  D a i ly  f e c a l  dry  m a t t e r  (DM) o u tp u t  was e s t i m a t e d  

u s in g  t h e  e q u a t i o n :  f e c a l  DM o u p u t /d  = (10 g Cr2 Og fe d /d  /  % Cr2 Og i n  

dry f e c a l  sample) x 100.

Forage samples fo r  d e te rm in a tio n  of in  v i t r o  d i g e s t i b i l i t y  were 

o b t a in e d  o v e r  a 3 -d ay  p e r io d  each  month u s in g  6 e s o p h o g e a l ly  

f i s t u l a t e d  cows. Extrusa was im m edia te ly  frozen , then  l a t e r  f r e e z e -  

d r i e d  p r i o r  t o  l a b o r a t o r y  a n a l y s i s .  O rg an ic  m a t t e r  d i g e s t i b i l i t y  

(OMD) was determ ined us ing  th e  Barnes m o d if ic a t io n  of th e  T i l le y  and 

Terry in  v i t r o  technique  (H a rr is ,  1970). Rumen f l u i d  was ob ta ined  from 

a rumen-cannu la t ed cow on an ad l ib i tu m  g ra s s  hay d i e t  t h a t  was 55% 

d ig e s t ib le  (IVOMD). This hay was used a s  the  s tandard  i n  th e  i n  v i t r o  

t r i a l s  to  c o r re c t  IVOMD v a lu es  f o r  e x tru sa  samples.
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To e x p r e s s  i n t a k e  a s  a p e r c e n t  o f  body w e ig h t ,  a l l  cows w ere  

w e ighed  a f t e r  a 12- h r  s h r in k  p e r io d  p r i o r  to  f e c a l  c o l l e c t i o n s  each  

month. Hip h e ig h ts  were measured during  th e  f i n a l  weighing to  d e riv e  

h e ig h t :  weight r a t i o s  (h t :w t)  as  an in d ic a t io n  of body c o n d it io n .

Milk p roduc tion  f o r  a l l  cows used i n  1984 was e s t im a te d  using  th e  

w eigh-suck le-w eigh techn ique  fo llow ing  f e c a l  c o l l e c t io n s  each month.

The d a ta  w ere  a n a ly s e d  a s  a s p l i t - p l o t  d e s ig n .  L e a s t  s q u a r e s  

a n a ly s is  of v a r ia n ce  was conducted us ing  S t a t i s t i c a l  A nalysis  System’s 

(SAS) General L inear Model procedure to  determ ine breed d i f f e r e n c e s  i n  

i n t a k e ,  m i l k  p r o d u c t i o n ,  body w e i g h t ,  and  w t : h t .  r a t i o .  The 

in d e p e n d e n t  v a r i a b l e s  in c lu d e d  i n  each  model o f  th e  above f a c t o r s  

w e re :  b re e d ,  m onth, a b re e d  X month i n t e r a c t i o n ,  sex  o f  c a l f ,  s i r e  

b re e d  o f  c a l f ,  and c a l f  age. L e a s t  s q u a r e s  mean s e p a r a t i o n  was 

performed us ing  the  L east  S ig n i f ic a n t  D ifference  (LSD) procedure.
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In ta k e  D iffe ren ces  Among Breeds -  IQ8^ T r ia l

Monthly l e a s t  squares mean in ta k e s ,  expressed as  a percentage of 

body wieght per day (% BW/d) f o r  l a c t a t i n g  3S1H and HH cows a re  given 

i n  t a b l e  I .  No s ig n i f i c a n t  d i f f e r e n c e s  were found between th e  breeds 

when a v e ra g e d  ov e r  th e  summer, o r  w i t h i n  a month. M onthly v a lu e s  

decreased  throughout th e  study period , but dropped s ig n i f i c a n t l y  only 

i n  August compared to  June and Ju ly .  Body weight was not s ig n i f i c a n t  

i n  ex p la in in g  th e  v a r i a t i o n  i n  in ta k e  when added a s  a c o v a r ia te ,  and 

no s t a t i s t i c a l  d i f f e r e n c e s  in  body w eight were d e tec te d  between the 

b re e d s  (P>.10) (T ab le  4 ) .  M ilk  p r o d u c t io n  d a ta  w ere  u n a v a i l a b l e  f o r  

1983. In tak e  and body weight a n a ly s is  of v a r ian ce  t a b le s  a re  given i n  

Appendix t a b l e s  8 and 9 .

1984 T r ia l

B reed (P<.01) and month (P<.06) i n f l u e n c e d  i n t a k e  of th e  f i v e  

breeds i n  1984 (Appendix ta b le  10). In ta k e  va lues  between breeds and 

months a re  shown i n  t a b le  2. When averaged ac ro ss  months, in ta k e s  f o r  

1S3H, BH, AH, SH, and 3 SI H w ere  2 .2 ,  2 .3 ,  2 .5 , 2 .6 , and 2.8% BW/d 

r e s p e c t i v e l y .  When a v e ra g e d  a c r o s s  b r e e d s ,  i n t a k e  i n  June  d e c l in e d  

from  2.9% BW/d to  2.2% BW/d i n  A ugust. When m ilk  p r o d u c t io n ,  body 

w eight, and w t:h t  r a t i o s  were added a s  c o v a r ia te s  i n  th e  in ta k e  model, 

m ilk  p roduc tion  accounted f o r  approx im ate ly  60% of th e  v a r i a t i o n  i n  

i n t a k e  b e tw een  b re e d s  (P < .01). T h is  w as d e te rm in e d  by d e s ig n in g  a 

l i n e a r  c o n t r a s t  using breed d e v ia t io n s  from the o v e ra l l  l e a s t  squares

RESULTS
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Table I . 1983 Daily fo rage  in ta k e  (% BW 0MB) f o r  l a c t a t i n g  cows.

Breed Junel Ju lv August Mean

HH 3.1 + .2a 3 .0  ±  . I a 2 .2  ±. . 2a 2 .8  + . I a

3S1H 2.8  + . 2a 3.1 ±  . I a 2.3 + . 2a 2.7 + - I a

Mean1 2 3.0  + .2a 3 .0  + . I a 2.3 + . 2b

^Means w i t h i n  a column 
s im i la r  (P<.07) .

2 Means w i t h i n  t h e  row 
s im i la r  (P< .07).

fo l lo w e d  by 

fo l lo w e d  by

a common s u p e r s c r i p t  a r e  

a common s u p e r s c r i p t  a r e

Table 2 . 1984 Daily forage in ta k e  (% BW 0MB) fo r  f iv e 1 cow breeds

Breed Junel Ju lv August Mean

I S3 H 2.6 + . 2a 2.2 + . I a I .9 + . 2a 2.2  ±  . I a

HH 2.7 + . 2ab 2.2  + . I ab 2.1 + .2ab 2.3 ±. . I ab

AH 3.0 + . 2bc 2.4 ±  . I ab 2.2 + . 2bc 2.5 + . I bc

SH 3.0 + . 2bc 2.5 ±  . I bc 2.2  + . 2bc 2.6 + . I cd

3S1H 3.2  + . 2C 2.8 + . I c 2.4 + .2° 2.8 ±. . I d

Mean2 2.9 + . 2a 2 .4  + . I b 2 .2  + . 2b

1 Means w i th in  a column fo llow ed by a common s u p e r s c r ip t  a re  s im i la r  
(P < .0 7 ) .

2Means w ith in  the  row fo llow ed by a common s u p e r s c r ip t  a re  s im i la r  
(P<.0 5 ) .
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mean f o r  m i lk  p r o d u c t io n .  The sums o f  s q u a r e s  g e n e r a te d  by t h i s  

c o n t r a s t  a c c o u n te d  f o r  a b o u t  60% of t h e  i n t a k e  sums of s q u a r e s  f o r  

bree^d. Body w ie g h t  was s i g n i f i c a n t  (P<.05) i n  e x p l a i n i n g  i n t a k e  

d i f f e r e n c e s  among breeds a s  w e ll .

W ith in-breed  v a r i a t i o n  i n  in ta k e  was p a r t i a l l y  explained  by body 

w e ig h t  (P<.0 1) and w tz h t  r a t i o  (P<.05), b u t  m i lk  p r o d u c t io n  was 

n o n s ig n i f ic a n t .

Milk Production

Mean m o n th ly  m ilk  p r o d u c t io n  f o r  a l l  b re e d s  u sed  i n  1984 a r e  

shown i n  t a b l e  3» The SH and 3 S IH b re e d s  p roduced  5.5 k g /d a y  more 

m i lk  d u r in g  t h e  summer th a n  th e  I S3H, HH and AH b re e d s .  M onthly 

v a lu e s  d e c r e a s e d  s i g n i f i c a n t l y  (PC.01) from  Ju n e  to  A ugust f o r  a l l  

b re e d s  w i th  th e  I S3H, 3S1H, SH, HH, and AH d e c r e a s i n g  by 14.2, 13.8, 

11.5, 9.9, and 7.6 kg re s p e c t iv e ly .  The a n a ly s is  of v a r ia n ce  ta b le  f o r  

milk p roduc tion  i s  g iven i n  Appendix t a b l e  11.

Body Measurements

Mean body w e ig h ts  and w tz h t  r a t i o s  d id  n o t  d i f f e r  among th e  

b re e d s  u sed  i n  1984 (P>.10) (T ab le  4). Body w e ig h t s  f o r  th e  HH, AH,

I S3 H, 3 SIH, and  SH a v e r a g e d  53 5 , 537 , 543 , 5 4 8 ,  and  564 kg  

re s p e c t iv e ly  and w tzht r a t i o  averaged 4.14 kg/cm f o r  a l l  breeds. Body 

w eigh t and wtzht r a t i o  in c reased  (PC.OI) during June, Ju ly  and August 

f o r  a l l  b r e e d s  f ro m  528 t o  550, and 557 kg and from  4.03 to  4.18, and 

4.21 r e s p e c t iv e ly .  The a n a ly s is  o f  va riance  t a b le  f o r  body weight and 

w tzht r a t i o  i s  g iven i n  Appendix t a b le  12.
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Table 3 .  1984 Average d a i l y  m ilk  p r o d u c t io n  (k g /d )  f o r  f i v e  cow 
breeds.

Breed June Ju lv  Aueust Meanl

I S3 H 16.2 + 2.1 9.4 + 1.5 2.0 + 2.0 9.2 ±. .9 a

HH 13.6 ±  I .9 7 .4 + 1.5 3.7 + 2.2 8.2 + .9a

AH 12.1 + I .7 6.9 + 1.4 4.5 + 2 .4 7 .9  + .9a

SH 19.7 ±  2.3 14.2 + 1.6 8.2 + .1 .8 14.1 + 1  .Ob

3S1H 21 .2 + I .9 12.6 ± 1.4 7 .4 + 2 .2 13.8 + .8b

Meanl 16.6 + 1 .5a 10.1 + .6b 5.2 + I .7°

1 Means followed by a common is u p e r sc r ip t  a r e  s im i la r  (P < .01).

Table 4. Body w e ig h t  (BW) and w e i g h t : h e i g h t  ( w t :h t )  r a t i o s  f o r
breeds used in 1983 and 1984.

1Q81 1QR4
BW BW w t:h t

Breed ( kg) ( kg) ( kg/cm)

HH 555 + I6a 535 + IOa 4.08 ±  .06a

AH - 537 + IOa 4.22 + .05a

I S3 H - 543 + 9a 4.14 + .05a

3S1H 562 + I4a 548 + 9a 4.05 + .05a

SH - 564 ±  I l a 4.21 + .06a

 ̂Means w i t h i n  a colum n f o l lo w e d  by a common s u p e r s c r i p t  a r e  
s im i la r  (P<.0 5 ) .
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Forage D i g e s t i b i l i t y

T ab le  5 i s  a sum m ation  o f th e  a v e rag e  IVOMD f o r  bo th  y e a r s .  

Average mean f o r a g e  d i g e s t i b i l i t y  i n  1983 was h i g h e r  (PC.05) th a n  

1984 b u t  th e  month of August was a b o u t  t h e  same f o r  bo th  y e a r s .  Low 

r a i n f a l l  coupled w ith  in c re a se d  a i r  tem p e ra tu res  which ty p i f i e d  the  

1984 sea so n  may have c o n t r i b u t e d  t o  t h e  y e a r l y  d i f f e r e n c e s .  The 

e f f e c t s  of t e m p e r a t u r e  and w a te r  s t r e s s  on f o r a g e  q u a l i t y  have been 

documented by Van Soest (1982). D ig e s t i b i l i t y  decreased throughout th e  

summer f o r  b o th  y e a r s ,  b u t  d ropped  s i g n i f i c a n t l y  (PC.01) on ly  i n  

August when IVOMD was about 58%. Monthly decreases  i n  d i g e s t i b i l i t y  

were expected as  the  fo rag e  matured (K artchner and Campbell, 1979).

The d i g e s t i b i l i t y  va lues  re p o r te d  h e re  a re  somewhat h igher  than 

those  re p o r te d  by Kronberg (1983), bu t a re  s im i la r  to  those  reviewed 

by Kartchner and Campbell (1979) and Van Dyne (1980). The discrepency 

between Kronberg's (1983) d i g e s t i b i l i t y  v a lu e s  and the  v a lu e s  re p o r te d  

h e r e i n  p ro b a b ly  l i e s  i n  t h e  m ethod o f  e x t r u s a  p r e p a r a t i o n .  The 

p r e v io u s  r e s e a r c h e r  d r i e d  e x t r u s a  s a m p le s  i n  a f o r c e d - a i r  d r y e r  a t  

40 C p r i o r  to  i n  v i t r o  a n a l y s i s .  Some m e n t io n  i s  g iv e n  c o n c e rn in g  

e x c e s s i v e  h e a t  d u r in g  d r y in g  o r  l o s s  of s o l u b l e  o r g a n ic  p o r t i o n s  of 

th e  fo rage  (Kronberg, 1983). Confirm ation of t h i s  concern i s  rep o r ted  

by P f i s t e r  and B u r r i t t  (1985) who found th a t  oven-drying e x tru sa  a t  40 

C s i g n i f i c a n t l y  i n c r e a s e d  n e u t r a l  d e t e r g e n t  f i b e r  (NDF), a c i d -  

d e te rg e n t  f i b e r  (ADF), and l ig n in ,  compared to  f r e e z e -d r ie d  samples. 

These i n c r e a s e s  may be r e f l e c t e d  i n  t h e  lo w e r  o r g a n ic  m a t t e r  

d i g e s t i b i l i t i e s  found by Kronberg (1983). F r e e z e - d r i e d  e x t r u s a  gave 

11% h ig h e r  (PC.01) OMD v a l u e s  t h a n  o v e n - d r i e d  (50 C) when s e l e c t e d



33

s a m p le s  w ere  com pared u s in g  bo th  d r y in g  t e c h n i q u e s  f o r  bo th  y e a r s  

(A ppendix  t a b l e  13). Jo h n so n  e t  a l .  (1962) a s  c i t e d  by B urns (1981) 

rep o r te d  a 7% red u c t io n  i n  IVOMD when a l f a l fa -b ro m e g ra s s  m ix ture  was 

d r i e d  a t  65 C com pared to  f r e e z e - d r y i n g .  A costa  and Kothmann (1978) 

c o n c lu d e d  t h a t  oven d r y in g  (60 C) was n o t  a s a t i s f a c t o r y  method f o r  

d ry ing  fo rage  c o l le c te d  from e s o p h o g e a l ly - f i s tu la te d  an im als ,  but th a t  

f r e e z e -d r ie d  samples gave b e t t e r  e s t im a te s  of chemical composition.

Table 5. Monthly fo rage  IVOMD :fo r  two y e a r s .

Yearl June J u lv August Mean^

1983 70%a 67%a 59%b 65%a

I 984 6 4% a 6 2% a 57 % b 6 I % b

1 Means w i t h i n  a y e a r  f o l l o w e d  by a common s u p e r s c r i p t  a r e  
s i m i l i a r  (P<.01);

^Means w i t h i n  t h e  colum n f o l l o w e d  by a common s u p e r s c r i p t  a r e  
s i m i l i a r  (P<.05).

Comparison o f Fecal Output E s tim ates  Using th e  Cr-Og Technique and 
T o ta l C o l lec t io n  Methods. --------

Fecal output f o r  dry 3SIH and HH cows was o v e re s t im ated  by about 

17% us ing  Cr2Og, i n  comparison to  t o t a l  c o l le c t io n s  us ing  f e c a l  bags 

(A p p e n d ix  t a b l e  1 4 ) .  K r o n b e r g  (1 9 8 3 )  a l s o  r e p o r t e d  a 17% 

over e s t i m a t i o n  o f f e c a l  o u tp u t  u s in g  Cr2 Og w i th  3 SI H and  HH cows. 

O v e r e s t i m a t i o n  o f  f e c a l  o u t p u t  h a s  b e e n  re v ie w e d  by v a r io u s  

r e s e a rc h e r s  in c lu d in g  Raleigh e t  a l .  (1980), and C o rb e t t  (1981).
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F ac to rs  A ffeo ting  In tak e  D iffe rences  Within and Between Breeds

Assuming t h a t  th e  fo rage  consumed by d i f f e r e n t  breeds of c a t t l e  

i s  of the  same d ig e s t ib le  energy c o n cen tra t io n ,  then an im al v a r i a t i o n  

w i th in  and between breeds becomes paramount i n  exp la ing  th e  v a r i a t io n  

i n  intake.Buminant d i f f e r e n c e s  i n  m i lk  p r o d u c t io n ,  body w e ig h t ,  and 

body c o n d i t i o n  have  been  shown t o  a f f e c t  f o r a g e  i n t a k e  ( A l l i s o n ,  

1985). In  o rder to  e x p la in  how th e se  f a c t o r s  im pact in ta k e ,  i t  must 

be r e a l i z e d  t h a t  th e y  a r e  dynam ic and sometimes i n t e r r e l a t e d .

Level of m ilk p roduction  and i t s  r e l a t i o n s h ip  to  v o lu n ta ry  in ta k e  

has been d i f f i c u l t  to  q u an t i fy  fo r  th e  g raz ing  cow. This a s s o c ia t io n  

has not been defined  because the  cause and e f f e c t  r e l a t i o n s h ip  i s  not 

c l e a r .  In  a d d i t i o n ,  f a t  m o b i l i z a t i o n  t o  p roduce  m i lk  con founds  t h e  

r e l a t i o n s h ip  between m ilk  y ie ld  and c a lo r i c  in ta k e .  To t h i s  e x ten t ,  

c o r r e l a t i o n  c o e f f i c i e n t s  be tw een  m i lk  y i e l d  and DOM i n t a k e  a r e  

g e n e ra l ly  low (Bines, 1976). In  t h i s  s tudy, the  w i th in -b ree d  p a r t i a l  

r e g re s s io n  c o e f f i c i e n t  between m ilk  y i e ld  and in ta k e  was n e g l ig ib le  

and n o n - s ig n i f i c a n t  (PX10). Johnson e t  a l .  (1966) found t h a t  the  two 

v a r i a b l e s  w ere  i n t e r d e p e n d e n t  w h ile  working w ith  l a c t a t i n g  H o ls te in  

cows.

Between breeds of d i f f e r e n t  m ilk  p roduc tion  a b i l i t y  however, m ilk 

p roduc tion  may have a s ig n i f i c a n t  e f f e c t  on fo rage  in ta k e .  Lusby e t  

a l .  (1976) found t h a t  w h ile  g raz ing  summer fo rage , l a c t a t i n g  H o ls te in  

cows consumed a b o u t  3.5% BW/d w h i le  H e re f o rd s  consumed a b o u t  2.5% 

BW/d. They a t t r i b u t e d  t h e  i n t a k e  d i f f e r e n c e s  to  an i n c r e a s e d  m i lk

DISCUSSION
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produc tion  of 5.0 kg/d  f o r  th e  H o ls te in  cows. R esu lts  from t h i s  study- 

show th a t  between breeds, m ilk  p roduc tion  accounted f o r  about 60% o f 

t h e  v a r i a t i o n  i n  i n t a k e .  Marsh e t  a l .  (1971) s t a t e d  t h a t  45-75% o f  

th e  v a r i a t i o n  i n  d a i ly  fo rag e  in ta k e  f o r  cows d i f f e r in g  i n  m ilk  y ie ld  

a n d  b r e e d i n g  w as  a t t r i b u t e d  t o  l e v e l  o f  m i lk  p r o d u c t io n  and 

l i v e w e i g h t .  Mean m i lk  p r o d u c t io n  and i n t a k e  w ere  h i g h e s t  f o r  th e  SH 

and 3S1H com pared to  t h e  HH, AH, and I S3H a n im a ls  (T a b le s  2 and 3). 

Although 1S3H and AH mean m ilk  p roduc tion  was s i m i l i a r  (P<.01), in ta k e  

l e v e l s  d i f f e r e d  b e tw e e n  t h e s e  b r e e d s .  C o n v e r s e l y ,  AH and  SH 

r e p r e s e n t e d  th e  w i d e s t  ra n g e  i n  m i lk  p r o d u c t io n ,  y e t  t h i e r  i n t a k e  

l e v e l s  were e s s e n t i a l l y  the  same. Other f a c t o r s  in c lu d in g  body weight, 

f a t  d e p o s it io n ,  rumen volume, and t i s s u e  m o b i l iz a t io n  may a lso  play an 

im portan t r o l e  i n  de term in ing  in ta k e  among breeds.

A lthough body w e ig h t  was s i g n i f i c a n t  i n  e x p l a i n i n g  w i t h i n  and 

b e tw een  b re e d  v a r i a t i o n  i n  i n t a k e  f o r  1984, th e  p a r i a l  r e g r e s s i o n  

c o e f f i c i e n t  (-0.003) was too  low to  be b io lo g ic a l ly  im p o r tan t .  Bines 

(1976) s t a t e d  t h a t  c o r r e l a t i o n s  b e tw een  body w e ig h t  and i n t a k e  a r e  

g e n e r a l l y  h ig h ,  b u t  o t h e r  r e s e a r c h e r s  have  fo u n d  t h a t  th e  two 

v a r i a b l e s  w e re  u n r e l a t e d  (Johnson  e t  a l . ,  1 966). L an g lan d s  (1968) 

suggested  th a t  w i th in  a breed, in ta k e  was more c lo se ly  r e l a t e d  to  age 

t h a n  body w e ig h t ,  and t h a t  i t  seem s u n l i k e l y  t h a t  any s i n g l e  

r e l a t i o n s h i p  e x i s t s  when d i f f e r e n c e s  i n  l i v e  w e ig h t  r e s u l t  from  

d i f f e r e n c e s  i n  ag e ,  b re e d  o r  p r e v io u s  l e v e l  of n u t r i t i o n .  A rnold  

(1 970) r e p o r t e d  t h a t  l iv e w  e i g h t  can be a poo r in d e x  o f  i n t a k e ,  even 

when accounting  fo r  d i f f e r e n c e s  i n  p ro d u c t iv i ty .

The amount of body f a t  i n  rum inan ts  may in f lu e n c e  in ta k e  e i t h e r



c h e m o s t a t i c a l l y  ( F o r b e s , 1 980) o r  by p h y s i c a l l y  r e d u c in g  t h e i r  

d i g e s t i v e  c a p a c i t y  (B a lch  and C am pling , 1962; B in e s ,  1971). W trht 

r a t i o  may be used  a s  an in d e x  to  body c o n d i t i o n  (K lo s te rm a n  e t  a l . ,  

1979). The w ith in -b ree d  p a r t i a l  re g re s s io n  c o e f f ic ie n t  between w trh t 

r a t i o  and i n t a k e  f o r  t h i s  s tu d y  was -0 .3 1 .  N e g a t iv e  r e l a t i o n s h i p s  

be tw een  body c o n d i t i o n  and i n t a k e  have a l s o  been r e p o r t e d  by A rnold  

(1 9 6 4 ) , B alch  and Cam pling  (1962) and N u t t  e t  a l .  (1980).

N u t t  e t  a l .  ( 1980) found  t h a t  f o r  cows g r a z in g  low  q u a l i t y  

p a s t u r e s  (DMD of 5 5 %), a s i g n i f i c a n t  p o s i t i v e  r e l a t i o n s h i p  e x i s t e d  

between rumen capac ity  and fo rag e  in ta k e  (P<.06). However, fo r  cows 

g r a z i n g  h ig h  q u a l i t y  p a s t u r e s  (60% DMD), t h e r e  was no r e l a t i o n s h i p .  

In  a d d i t io n ,  they showed th a t  rumen cap ac ity  was p o s i t iv e ly  r e l a t e d  to  

s t r u c t u r a l  s i z e ,  b u t  n o t  when e x p r e s s e d  a s  a p e r c e n ta g e  of body 

w e ig h t .  S t r u c t u r a l l y  l a r g e r  cows te n d e d  to  have  l a r g e r  rumen 

c a p a c i t i e s  than  s t r u c t u r a l l y  sm all cows, but f a t t e r  cows g en e ra l ly  had 

s m a l l e r  rum ens  th a n  t h i n  cows. D i f f e r e n c e s  i n  th e  amount o f  t o t a l  

d i s s e c t e d  f a t  and s t r u c t u r a l  d im e n s io n s  b e tw een  v a r i o u s  b re e d s  o f

c a t t l e  have been documented by Charles and Johnson (1976) and the ARS
\

(1975). I f  r e a l  d i f f e r e n c e s  i n  body com position and /o r s t r u c t u r a l  s iz e  

do i n  f a c t  e x i s t  between the  breeds d i f f e r i n g  i n  m ilk  p roduction , then 

th e  a s s o c ia te d  rumen volume w ith in  th e se  groups may impact th e  amount 

o f  f o r a g e  t h a t  can be consumed a s  d i g e s t i b i l i t y  d e c r e a s e s .  Ruminal 

hypertrophy during l a c t a t i o n  may a lso  have an im p o rtan t  in f lu en c e  on 

d i g e s t i v e  c a p a c i t y .  F e l l  and Weeks (1975) p ro p o sed  t h a t  h y p e r t ro p h y  

c o u ld  be a r e s p o n s e  to  some e n d o c r i n o l o g i c a l  s t i m u l u s ,  p o s s i b l y  

l a c t o g e n i c  horm ones. I t  i s  c o n c e iv a b le  t h a t  l e v e l  o f  m i lk  y i e l d  may
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d i c t a t e  th e  r a t e  of horm onal s e c r e t i o n  th u s  p ro m o t in g  a p a r t i c u l a r  

h y p e rtro p h ic  re sp o n se .

Forage D i g e s t i b i l i t y  and In ta k e

Mean in ta k e  v a lues  fo r  the  HH and 3S1H breeds a r e  reviewed ac ro ss  

b o th  y e a r s  i n  t a b l e  6 . When summer f o r a g e  d i g e s t i b i l i t y  was 65%, 

i n t a k e  a s  a p e r  c e n t  o f  body w e ig h t  be tw een  t h e  HH and 3S1H w ere  

s i m i l i a r ,  b u t  when f o r a g e  d i g e s t i b i l i t y  d e c l i n e d  t o  61% th e  3 SIH 

consumed s i g n i f i c a n t l y  more than th e  HH (P<.Q7). In take  f o r  the  HH was 

2.3% BW/d i n  1984 when OMD was 61%, b u t  i n  1983 when OMD was 65%, 

t h e i r  i n t a k e  i n c r e a s e d  (P<.07) t o  2.8% BW/d. C o m p a ra t iv e ly ,  3 SI H 

i n t a k e  was a b o u t  2.8% BW/d f o r  b o th  y e a r s .

Table 6 .  Average d a i l y  i n t a k e  (% BW 0MB) f o r  two b re e d s  over 
both f i e l d  sea so n s .

Year -x OM&L HH
Breed^

3S1H

1983 65%& 2 .8 a 2 .7 a

1984 6l%b 2 .3 b 2 .8*

«1

Means w i th in  the column fo l l lo w ed  by a common s u p e r s c r ip t  a re  
s i m i l i a r  (P<.05).

^Means w i th in  a row or column fo llow ed  by a common s u p e r sc r ip t  
a re  s im i la r '  (P<.07).

K ronberg  (1983) r e p o r t e d  t h a t  when f o r a g e  OMD a v e ra g e d  50% in  

1982, HH in ta k e  was 1.9% BW/d w h ile  3S1H in ta k e  was h ig h e r  (P<.10) a t  

2.1% BW/d. Across a l l  th re e  y ears ,  when monthly forage OMD approached



57%, in ta k e  f o r  th e  HH and 3S1.H breeds was approxim ate ly  2.1 and 2.4% 

BW/d re s p e c t iv e ly .  Kloseterman e t  a l .  (1979) in d ic a te d  th a t  as  fo rage  

q u a l i t y  d e c r e a s e d ,  C h a r o la i s  ty p e  cows a t e  more p e r  u n i t  o f  body 

w e ig h t  th a n  Angus ty p e  cows. The i n t a k e  a n a l y s i s  of v a r i a n c e  t a b l e  

f o r  t h e  HH and 3S1H b re e d s  f o r  bo th  y e a r s  i s  g iv e n  i n  Appendix t a b l e  

15.

For d i e t s  between 52 and 66% d i g e s t i b i l i t y ,  Conrad e t  a l .  (1964) 

a s  c i t e d  by B raum gard t (1970) found  t h a t  f e e d  i n t a k e  i n c r e a s e d  w i th  

i n c r e a s i n g  d i g e s t i b i l i t y  and t h e  f a c t o r s  l i m i t i n g  i n t a k e  w ere  

b o d y w ieg h t ( r e f l e c t i n g  c a p a c i t y ) ,  u n d ig e s t e d  r e s i d u e  p e r  u n i t  

b o d y w ie g h t  p e r  day ( r e f l e c t i n g  r a t e  of p a s s a g e ) ,  and dry  m a t t e r  

d i g e s t i b i l i t y .  For d i e t s  between 67 and 80% d i g e s t i b i l i t y ,  feed  in ta k e  

decreased  w ith  in c re a s in g  d i g e s t i b i l i t y  (c o n tro l  of energy in take) and 

i n t a k e  a p p e a re d  to  be d ep en d e n t  on m e ta b o l i c  s i z e ,  p r o d u c t io n  and 

d i g e s t i b i l i t y .  Montgomery and B ra u rm g a rd t  ( 1965b) s u g g e s te d  t h a t  

f o r a g e  i n t a k e  of d a i r y  cows i s  l i m i t e d  by rumen c a p a c i t y  when th ey  

consume d i e t s  w ith  l e s s  than  67% DM d i g e s t i b i l i t y .  Nutt e t  a l .  (1980) 

fo u n d  t h a t  physica l f a c t o r s  a p p a ren t ly  l im ited  in ta k e  o f  IactatLng 

Angus cows when fo ra g e  DM d ig es t ib i l i ty  av erag ed  55%, but were  no t 

im p o r ta n t  fo r  cows g raz ing  p a s tu re s  av erag ing  60% DM d ig e s t ib i l i ty .  In  

add ition , th e  point w here  physica l l im i ta t io n s  to  in ta k e  cease  and 

m etabo lic  p rocesses  begin to  dom inate  may vary  with milk p roduc tion  so 

t h a t  b reeds  vary ing  in  milk y ie ld  may have  d i f f e re n t  t r a n s i t io n  po in ts  

( Conrad e t  a l . ,  1964). S ince in ta k e  f o r  th e  3S1H rem ain ed  essen tia l ly  

t h e  same when sea so n a l  fo rag e  OMD changed from 6 1 to  65%, and HH 

i n t a k e  in c re a s e d  from 2.3 to  2.8% BW/d, th e  3S1H may re a c h  th e
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t r a n s i t io n  be tw een  gut fa ll and energy  re g u la t io n  a t  a lo w e r  l e v e l  of 

d ig e s t ib i l i ty .  This in  c o n t r a s t  to  r e s u l t s  from Conrad e t  a l.  (196 4) 

which showed t h a t  f o r  dairy cows producing  13 kg malk/d th e  point 

be tw een  g u t  fall and m etabolic  co n tro l  was a t  app rox im a te ly  65% 0 M D. 

For cows producing 27 kg malk/d the  level was raised to  about 70% OMD.

Monthly d e c re a se s  in  fo ra g e  in ta k e  with declin ing  OMD a re  

ev id en t  in  both y e a rs .  In  1 983, when fo ra g e  d ig e s t ib i l i ty  d ec reased  

(P<.01), from 67% in  July to  59% in  August, mean in ta k e  f o r  both the  

3S1 H and HH cows d ec rea sed  (P<.07) from 3.0 to  2.3 % BW/d. In  1 984, 

when fo ra g e  d ig e s t ib i l i ty  d ec rea se d  from 64 to  62%, av e rag e  in ta k e  f o r  

t h e  f i v e  b r e e d s  d e c l in e d  (P<.0 5) from  2.9 to  2 .4  % BW /d. When 

d i g e s t i b i l i t y  d e c r e a s e d  e v e n  f u r t h e r  i n  A u g u st  to  5 8%, i n t a k e  

c o n t in u e d  t o  d e c r e a s e  a l th o u g h  n o t  s i g n i f i c a n t l y .  T h is  s e e m s  to  

su g g es t  th a t  small changes  in  d i g e s t i b i l i t y  may in d u c e  s i g n i f i c a n t  

d i f f e r e n c e s  in  in ta k e .  Holloway e t  a l.  (197 9) found t h a t  l a c t a t i n g  

Angus cows grazing pasture th a t  was 60.8% DMD consumed 1.7 kg/d more 

(P<«01) dry m a tte r  th a n  cows g raz ing  58.3% DMD p a s tu re ,  a d if fe ren ce  

o f  2.5 p e rc en ta g e  un its .

Van Soes t (196 5) su g g es ted  t h a t  c e l l  wall c o n s t i tu e n ts  or th e  

f i b e r  mass of fo ra g e s  i s  in v e rse ly  r e l a t e d  to  vo lun ta ry  in ta k e .  As a 

p lan t m atures, th e  p e rc e n t  of t o t a l  f ib rous  p a r t s  in c re a s e .  When th e se  

c o n s t i tu e n ts  in c r e a s e  to  more th a n  55 to  60% of the  dry m a tte r ,  in ta k e  

becom es l im ited .  R a th e r  th a n  consuming more fo rag e  when d ig es t ib il i ty  

i s  low ( to  ach ieve  a g iven energy  in ta k e ) ,  g raz ing  ru m in an ts  ten d  to  

c o n su m e  l e s s  f o r a g e  w hen  d i g e s t i b i l i t y  d e r e a s e s  ( W a l la c e  1 9 8 4 ) .  

However, Ellis (197 8) cau tio n s  t h a t  d ig e s t ib i l i ty  of th e  fo rag e  does
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n o t  a p p e a r  t o  be a n  a b s o l u t e  p r e d i c t o r  o f  v o l u n t a r y  i n t a k e .  He 

s u g g e s te d  t h a t  d ig e s t ib i l i ty  i s  a dynam ic  p ro c e s s  w hich i s  th e  n e t  

r e s u l t  o f  tw o  r a t e s ,  d ig e s t io n  and  p a s s a g e  o f  f e e d  an d  cou ld  a f f e c t  

v o l u n t a r y  i n t a k e  i n  e i t h e r  a  p o s i t i v e ,  n e g a t i v e ,  o r  i n d e p e n d e n t  

f a s h io n .  In  co n c lu s io n  h e  p o in te d  o u t  t h e  need  f o r  m easu r in g  r a t e s  o f  

d i g e s t i o n  and p a r t i c l e  s i z e  d e g re d a t io n ,  bu lk  volume per u n i t  of t o t a l  

c e l l  w all  c o n s t i t u e n t s  com pris ing  f i l l ,  and  f r a g m e n ta t io n  p r o p e r t i e s  

of t h e  f o r a g e  on co n su m p tio n  and  s u b s e q u e n t  f e r m e n t a t i v e  d ig e s t io n  

r e l a t i v e  to  t h a t  r e q u i r e d  f o r  passage  from th e  r e t i c u l o - rumen.

P r e l im in a ry  E f f i c i e n c y  E v a lu a t io n s

A lo n g - t e r m  o b je c t iv e  of th i s  s tu d y  i s  t o  a s s e s s  t h e  i n p u t / o u t p u t  

e f f i c i e n c y  of r a n g e la n d  b e e f  cow s d i f f e r in g  in  p ro d u c t iv e  p o te n t i a l .  

I n f o r m a t io n  on t h e  milk p ro d u c t io n ,  c a l f  p e r fo rm a n c e  and  r e b r e e d in g  

s u c c e s s  of th e s e  b re e d  ty p e s  w ill c o n t in u e  to  be r e c o r d e d  and  com pared  

w i th  t h e i r  f o r a g e  i n t a k e  t o  d e v e l o p  a n  i n d e x  t o  t h e i r  o v e r a l l  

e f f i c i e n c y .  T hese  i n d i c e s  w ill be u sed  only to  d e p ic t  a  r e l a t io n s h ip  

b e tw e e n  p ro d u c t io n  an d  i n t a k e ,  and  n o t  a s  a b s o lu te  v a lu e s .  Y early  

d i f f e r e n c e s  i n  f o r a g e  q u a l i ty  or o t h e r  e n v i ro n m e n ta l  i n f l u e n c e s  may 

h a v e  an  a f f e c t  on b re e d  g roup  e f f i c i e n c y  such t h a t  t h e  r e la t io n s h ip  

between i n t a k e  and e f f i c i e n c y  may change.

P re l im in a ry  d a ta  from  2 y e a r s  h a s  show n t h a t  3S1 H re q u i r e d  a n  

a v e r a g e  o f  1.1 kg  o f  f o r a g e  p e r  kg  milk p ro d u c e d  and  HH re q u i r e d  1.3 

kg o f  f o r a g e .  D a ta  t a k e n  from  K ro n b erg  (1983) show ed  t h a t  du r ing  t h e  

sum m er s e a s o n  o f  1982, bo th  th e  3 SI H an d  HH consum ed a b o u t  1.1 kg  

f o r a g e  p e r  kg milk. In  1 984, milk p ro d u c t io n  e f f ic ie n c y  f o r  t h e  3S1 H
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rem ained  unchanged , but t h e  HH consumed .4 kg more fo rag e  per kg milk 

produced . The l im i te d  number of an im als  invo lved  in  th e se  e ff ic iency  

ev a lu a tio n s , combined with year ly  env ironm en ta l  d i f fe ren c es ,  p rec ludes  

conclusions re g a rd in g  th e  in p u t /o u tp u t  e f f ic ien cy  of th e  3S1 H and HH 

breeds. The t e n t a t i v e  in fo rm a t io n  p re sen te d  h e re  i s  in te n d e d  to  be 

bu ilt  upon to  more fu lly  u n d e rs tan d  th e  in te r a c t io n  b e tw een  y e a r  and 

b r e e d  c h a r a c t e r i s t i c s .  H o llow ay  and  B u t t s  ( 19 8 3 ) n o te d  t h a t  

d i f f e re n c e s  i n  fo ra g e  qu a li ty  a f f e c te d  th e  e ff ic ien cy  of conversion  of 

d ig es t ib le  DM in ta k e  to  c a l f  gain  f o r  cows d if fe r in g  in  s t ru c tu ra l  

s ize .  On high qu a li ty  fe scu e - le g u m e  p as tu res ,  s t r u c tu r a l  s ize  was n o t 

r e l a t e d  to  e f f ic ie n c y ,  but on lo w e r  q ua li ty  fescue  p a s tu re s ,  sm aller 

cows tended to  be the  most e f f i c i e n t .

Appendix t a b le  16 a t te m p ts  to  i l l u s t r a t e  th e  r e l a t i v e  spread  in  

in ta k e  f o r  the  b reeds  used in  19 84 by com paring them to  th e  I S3 H. 

T e n t a t i v e  e f f i c i e n c y  d a t a  a r e  a lso  p ro v id e d  i n  t e r m s  o f milk 

p roduc tion  and c a lf  ADG. Milk p ro d u c tio n  and c a lf  ga in  in d ic e s  a re  

simply used to  com pare each b re e d 's  p roduc tion  in ta k e  aga ins t  i t s  

in ta k e .  A h ig h e r  in d ex  d en o tes  a g r e a t e r  qu an ti ty  of o u tp u t  v e rsu s  

in p u t .  Although th e  3S1 H have  a high milk p roduc tion  in d ex , they  have 

th e  lo w e s t  c a lf  gain  in d ex . More r e s e a rc h  i s  n ecessa ry  to  de term ine  

the  maintenance demands of these cows in  a free-ranging environment in  

o rder to  e s t im a te  th a t  p o rtion  of in ta k e  going to  milk p roduction . In  

add ition , l i t t l e  i s  known abou t th e  n u tr i t io n a l  req u ire m e n ts  of th e  

c a l f ,  a n d  s t u d i e s  a r e  n e e d e d  t o  l e n d  i n s i g h t  i n t o  c a l f  g r a z in g  

behav ior in  a range  se t t in g .
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The feed  e f f ic ie n c y  of v a rious  beef cow breed types  d i f f e r in g  i n  

m i lk  p r o d u c t io n ,  body s i z e  o r  body c o m p o s i t io n  i s  a  co n ce rn  to  

l i v e s to c k  o p e ra to rs  w ish ing  to  o p tim ize  beef p roduction  from the  range 

re so u rce .  In  o rder to  u l t i m a t e l y  i d e n t i f y  th e  p r o d u c t iv e  p o t e n t i a l  

and a d a p t i b i l i t y  o f  t h e s e  v a r i o u s  b re e d s  t o  a p a r t i c u l a r  g r a z in g  

e n v iro n m e n t  i t  i s  n e c e s s a r y  to  e s t i m a t e  t h e i r  f o r a g e  co n sum ption . 

L ev e l  of m i lk  y i e l d  may a cc o u n t  f o r  t h e  m a j o r i t y  o f  t h e  i n t a k e  

d i f f e r e n c e s  be tw een  b r e e d s ,  b u t  m e asu re m e n ts  o f  body s i z e ,  f a t  

d e p o s i t i o n  and rumen volum e may a l s o  be u s e f u l  i n  f u r t h e r  d e f in in g  

those  f a c t o r s  in f lu e n c in g  fo rage  consumption. D iffe ren ces  i n  seasonal 

fo rage  OMD may a lso  a f f e c t  in ta k e  d i f f e r e n c e s  between breeds. In  1983 

when f o r a g e  OMD was 65%, i n t a k e  d i f f e r e n c e s  p e r  u n i t  o f  body w e ig h t  

between HH and 3S1H cows were d im in ished  compared to  in ta k e  le v e l s  a t  

61% OMD. As fo rage  OMD in c re a s e s ,  th e  f a c to r s  th a t  co n tro l  in ta k e  may 

be d i f f e r e n t  th a n  th o s e  c o n t r o l l i n g  i n t a k e  a t  lo w e r  l e v e l s  o f  

d i g e s t i b i l i t y .  The t r a n s i t i o n  po in t between re g u la t in g  mechanisms may 

vary with breed a s  w e l l .

M ilk  p r o d u c t io n ,  c a l f  p e r fo rm an c e  and rep ro d u c t iv e  performance 

should con tinue  to  be t e s t e d  i n  r e l a t i o n  to  fo rage  in ta k e  to  develop 

index ing  r a t i o s  of th e  o v e ra l l  e f f ic ie n c y  of the  breed types  on n a t iv e  

range lands .

F u tu r e  r e s e a r c h  a r e a s  t h a t  may be u s e f u l  i n  f u r t h e r  d e f i n i n g  

those  f a c t o r s  in f lu e n c in g  in ta k e  a re  (I)  Measurements of rumen volume 

u s in g  t h e  d i l u t i o n  te c h n iq u e  w i th  a l i q u i d  m ark e r  to  be c o r r e l a t e d

SUMMARY



w ith  l i n e a r  m e asu re m e n ts  o f  s t r u c t u r a l  s i z e .  (2) A n a ly s i s  o f  f o r a g e  

c e l l  w a ll  con ten t from ex tru sa  samples.
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Table 7. Intake values fo r various breeds of grazing cows using the chromic oxide method for fecal output.

Body Milk

Reference Breed
Weight

(ke)
Production

kg/d
Intake
(SBW)

Forage D igestib ility / 
Technicue

Brumby, 1959 Jersey 397 8.6 3.0 OM
Fresian 526 13.1 3.0 OM ——

Corbett e t  a l . ,  1963 Ayrshire 430 14.6 1.9 OM 74% OMD/FN

H ills ,  1968 Hereford 380 3.0 OM 57.9* OMD/LR
Santa Gertrudis 441 - 2.7 OM 54.9* OMD/LR

Holloway e t  a l . ,  1979 Angus 457 8.5 1.9 DM 58* DMD/ADL
472 8.3 2.2 DM 61* DMD/ADL

Hollcway & Butts, 1983 Angus 442 5.4 1.8 DM 59* DMD/ADL
438 5.8 2.2 DM 64* DMD/ADL

Jones e t  a l . ,  1965 Ayrshire 494 12.7 2.8 OM 77* OMD/FN
479 17.5 3.0 OM 78* OMD/FN

Lusby e t  a l . ,  1976 Holstein 458 _ 3.5 DM 62* DtWin Vitro
Hereford x Holstein 372 — 2.5 DM 62* DMD/in Vitro
Hereford 360 — 2.5 DM 62* DMD/in Vitro

Nutt e t a l . ,  1980 Angus 465 6.5 1.7 DM 55* DMD/ADL
496 7.5 1.9 DM 59* DMD/ADL

Stree te r  e t  a l . , 1974 Brcwn Swiss 474 10.3 3.1 DM 59* CWCD/in Vitro
Charolais x Angus 375 7.5 3.2 DM 59* CWCD/in Vitro
Hereford 371 6.0 2.8 DM 59* CWCD/in Vitro
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Table 8 .  L ea s t  sq u a re s  a n a l y s i s  o f  v a r ia n c e  of o rg a n ic  m a t t e r  in t a k e
(OMI) 1983.

Source df

Mean Squares 
OMI

(% BW/d)

Breed I 0.011
Month 2 0.692***
Breed x month 2 0.124
Sex of c a l f I 0.008
S ire  breed of c a l f I 0

Regression
Age of c a l f I 0.006
Body weight I 0.091

Residual 23 0.061

R2 0.86

***?<.01

Table 9 . L e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  f o r  body w e ig h t  (BW) 
1983.

Mean Squares 
OMI

Source df (% BW/d)

Breed I 433.2
Month 2 8318.5**
Breed x month 2 33.7
Sex of c a l f I 4.8
S ire  breed of c a l f I 802.8

Regression
Age of c a l f I 25526.0

Residual 24 2413.3***

R2 0.49

**«P<.01
*P< .05
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Table 10. L eas t  s q u a re s  a n a l y s i s  o f  v a r ia n c e  of o rg a n ic  m a t t e r  in t a k e
(OMI) 1984.

Source df

Mean Squares 
OMI

(% BW/d)

Breed 4 0.648***
Month 2 0.230*
Breed x month 8 0.032
Sex of c a l f I 0
S ire  breed of c a l f I 0.338**

Regression
Age of c a l f I 0.086
Milk p roduction I 0.167
Wt:Ht r a t i o I 0.434**
Body weight I I .003***

Residual 69 0.078

R2 0.77

***?<.01 
**P<.05 

*P<.06
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Table 11. Least squares a n a ly s i s  of va riance  of m ilk  p roduction  (MP) 
1984.

Source df

Mean Squares 
MP

(kg/d)

Breed 4 128.1***
Month 2 107.7***
Breed x month 8 13.2
Sex o f c a l f I 41 .7*
S ire  breed of c a l f I 70.8**

Regression
C alf age I 10.6

Residual 72 11.6

R2 0.68

***P<.01
**P<.05

*P<.10

Table 12. Least squares a n a ly s is  of variance of body weight (BW) and
weight :h e ig h t r a t i o (w t:h t) 1984.

Mean Squares
BW Wt :Ht

Source df (kg) (kg/cm)

Breed 4 1355.1 0.087
Month 2 11917.9'*** 0.697***
Breed x month 8 99.6 0.006
Sex of c a l f I 1716.9 0.003
S ire  breed of c a l f I 598.7 0.014

Regression
Age of c a l f I 368.7 0.014

Residual 72 1364.2 0.053

R2 0.32 0.36

***P<.01



57

Table 13. Comparison of OMD between s e le c te d  sam ples o f ex tru sa  
using  two d ry ing  m ethods1.

IQgR IQRH
Month F reeze -d ried Oven-dried F reeze -d ried Oven-dried

June 69%a 63%* 71%* 6 2 % b

Ju ly 69%* 63%b 6 2 % a 55%b

August 6 l % a 52%b 59%*

OLO

Mean* 6 6 % a 59%b 6H%a 56%b

1 Means w i th in  a y e a r w i th in  a m onth fo l lo w e d by a common
s u p e r s c r i p t  a re  s i  m i l ia r  (P<.07).

*  P C . 01



Table 14. 1983 Fecal output e s tim a te s  fo r  dry cows using  t o t a l  c o l le c t io n  and chrom ic oxide (Cr2Oo) 
te ch n iq u es1 . ^

June Ju lv August Mean

Breed
Total

c o lle c t io n
Cr2 O3 Total

c o lle c t io n
Cr2 O3 Total

c o lle c t io n
Cr2 Og Total

c o lle c t io n
Cr2 Og

HH 0 . 5 0 . 7 0.6 0 . 7 0 . 7 0.6 0.6 0 . 7

3S1H 0 . 5 0 . 7 0.6 0.8 0.6 0 . 7 0.6 0 . 7

1 %BW OMB
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Table 15. L eas t  s q u a re s  a n a l y s i s  o f  v a r ia n c e  of o rg a n ic  m a t t e r  in t a k e
(OMI) f o r  HH and 3S1H b reed s  1983 and 1984.

Source df

Mean Squares 
OMI

(.% BW/d)

Breed I 0.624***
Month 2 0.138
Year I 0.025
Breed x y ear I 0.849***
Breed x month x y ear 6 0.296***
Sex o f c a l f I 0.104
S ire  breed of c a l f 2 0.078

R egression
Age of c a l f I 0.450**

R esidual 53 0.082

R2 0.79

*«*P<.01 
**P< .05



Table 16. In take  d if fe re n c e s  and e f f ic ie n c y  e v a lu a tio n s  fo r  breeds used in  1984

Breed
BW

(kg)
kg/d/500 

kg BW
Milk p roduction  
(kg/d/500 kg BW)

Milk Production 
Index

Calf ADG 
(kg/500 kg BW)

C alf Gain 
Index

1S3H 543 10.9 8.5 .78 1 .14 .10

HH 535 +0.6 7.6 .66 I .10 .09

AH 537 +1 #6 7.3 .58 1.08 .09

SH 564 +2.1 12.6 .96 1.11 .09

3S1H 548 +3.4 12.6 .88 1.18

C
OO

Milk P roduction  Index= MPZcSOO kg BW
In ta k e /500 kg BW

C alf Gain Index= C alf ADG/500 kg BW 
In take /500  kg BW
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Table 17. L e a s t  s q u a r e s  a n a l y s i s  o f  v a r i a n c e  o f  i n  v i t r o  o r g a n i c
m a t te r  d i g e s t i b i l i t y  (IVOMD).

Source df
Mean Squares 

IVOMD

Month 2 329.4***
Year I 156.5**
Month x y ear 2 25.7

R esidual 63 38.7

R2 0.27

***?<.01 
**P<.05
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