
Effects of feed restriction on efficiency of egg production
by Edmund Guenthner

A THESIS Submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree
of Master of Science in Animal Industry
Montana State University
© Copyright by Edmund Guenthner (1960)

Abstract:
Individual records of feed consumption, egg production, egg weight, body weight, and age at first egg
were compiled on 115 Cornell Randombred Strain of White Leghorn pullets during non-restricted and
restricted feeding periods of 121 days each.

Analysis of fifteen multiple regression equations for estimating feed consumption, calculated with
different combinations of the observed independent variables, during non-restricted and restricted
feeding, indicated that egg production and body weight were the major factors influencing feed
consumption.

The significance of the mean differences between gross efficiency and adjusted efficiency coefficients,
calculated for each pullet during non-restricted and restricted feeding, indicated that gross efficiency
coefficients were more satisfactory measures of efficiency than adjusted efficiency coefficients.

A comparison of the mean gross efficiency coefficients, during non-restricted and restricted feeding,
indicated that restricting feed intake 25 percent of predicted feed consumption significantly reduced
efficiency. The gross observed reduction was 29 percent. Restricting feed intake 12 1/2 per cent or
feeding at the rate of predicted feed consumption did not significantly reduce efficiency of egg
production. 
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ABSTRACT

I n d i v i d u a l  r e c o r d s  o f  f e e d  c o n s u m p t i o n , egg  p r o d u c t i o n ,  
egg  w e i g h t  ■, body w e i g h t ,  and  a g e  a t  f i r s t  egg  w e r e  c o m p i l e d  
on  115 C o r n e l l  Randombred  S t r a i n  o f  W h i t e  L e g h o r n  p u l l e t s  
d u r i n g  n o n - r e s t i r i c t e d  a n d  r e s t r i c t e d  f e e d i n g  p e r i o d s  o f  1 2 1 
d a y s  e a c h .

A n a l y s i s  o f  f i f t e e n  m u l t i p l e  r e g r e s s i o n  e q u a t i o n s  f o r  
e s t i m a t i n g  f e e d  c o n s u m p t i o n ,  c a l c u l a t e d  w i t h  d i f f e r e n t  com­
b i n a t i o n s  o f  t h e  o b s e r v e d  i n d e p e n d e n t  v a r i a b l e s ,  d u r i n g  
n o n - r e s t r i e t e d  a nd  r e s t r i c t e d  f e e d i n g ,  i n d i c a t e d  t h a t  egg 
p r o d u c t i o n  a n d  body  w e i g h t  w e r e  t h e  m a j o r  f a c t o r s  i n f l u e n c i n g  
f e e d  c o n s u m p t i o n .

The s i g n i f i c a n c e  o f  t h e  mean d i f f e r e n c e s  b e t w e e n  g r o s s  
e f f i c i e n c y  a nd  a d j u s t e d  e f f i c i e n c y  c o e f f i c i e n t s ,  c a l c u l a t e d  
f o r  e a c h  p u l l e t  d u r i n g  n o n - r e s t r i c t e d  and r e s t r i c t e d  f e e d i n g ,  
i n d i c a t e d  t h a t  g r o s s  e f f i c i e n c y  c o e f f i c i e n t s  w e r e  more  s a t ­
i s f a c t o r y  m e a s u r e s  o f  e f f i c i e n c y  t h a n  a d j u s t e d  e f f i c i e n c y  
c o e f f i c i e n t s .

A c o m p a r i s o n  o f  t h e  mean g r o s s  e f f i c i e n c y  c o e f f i c i e n t s ,  
d u r i n g  n o n - r e s t r i c t e d  a n d  r e s t r i c t e d  f e e d i n g ,  i n d i c a t e d  t h a t  
r e s t r i c t i n g  f e e d  i n t a k e  25 p e r c e n t  o f  p r e d i c t e d  f e e d  c o n s u m p ­
t i o n  s i g n i f i c a n t l y  r e d u c e d  e f f i c i e n c y .  The g r o s s  o b s e r v e d  
r e d u c t i o n  was  29 p e r c e n t . R e s t r i c t i n g  f e e d  i n t a k e  12§ p e r  
c e n t  o r  f e e d i n g  a t  t h e  r a t e  o f  p r e d i c t e d  f e e d  c o n s u m p t i o n  d i d  
n o t  s i g n i f i c a n t l y  r e d u c e  e f f i c i e n c y  o f  egg  p r o d u c t i o n .
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INTRODUCTION

The d a t a  s u p p o r t i n g  t h i s  p a p e r  w e r e  t a k e n  f r o m  a , g e n e t i c  

p r o j e c t  i n  w h i c h  h e n s  w e r e  b e i n g  s e l e c t e d  f o r  e f f i c i e n c y  i n  egg  

p r o d u c t i o n .  T h i s  s t u d y  was a p r e l i m i n a r y  i n v e s t i g a t i o n  o f  com­

p o n e n t s  a nd  m e a s u r e s  o f  e f f i c i e n c y  w h i c h  w e r e  t o  be u s e d  a s  t h e  

b a s i s  f o r  s e l e c t i o n  u n d e r  ad  l i b i t u m  a n d  r e s t r i c t e d  f e e d i n g  p r o  

g r a m s .

The e f f i c i e n c y  w i t h  w h i c h  f e e d  i s  c o n v e r t e d  i n t o  e g g s  i s  

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

f o r  50 t o  60 p e r c e n t  o f  t h e  t o t a l  c o s t  o f  p r o d u c i n g  e g g s  

( T i t u s  1 9 5 5 ) .  A r e d u c t i o n  o f  20 p e r c e n t  i n  f e e d  c o s t  w i l l  

t h e r e f o r e  r e s u l t  i n  a 10 t o  12 p e r c e n t  s a v i n g  i n  t o t a l  p r o ­

d u c t i o n  c o s t .  Such  a d i f f e r e n c e  may d e t e r m i n e  w h e t h e r  o r  n o t  

a p r o f i t  o r  l o s s  i s  s u s t a i n e d „

R e s t r i c t i n g  f e e d  i n t a k e  i s  a d e v i c e  u s e d  i n  c e r t a i n  s e g ­

m e n t s  o f  t h e  i n d u s t r y  t o  r e d u c e  f e e d  c o s t s  ( S i n g s e n  e t  a I .

1 9 5 8 ) .  T h i s  t e c h n i q u e  a p p a r e n t l y  h a s  b e n e f i t  when  a p p l i e d  t o  

b r o i l e r  t y p e  b r e e d i n g  h e n s  a n d  i n  t h e  g r o w i n g  o f  r e p l a c e m e n t  

p u l l e t s . On l y  a l i m i t e d  a m o u n t  o f  i n f o r m a t i o n  i s  a v a i l a b l e  

c o n c e r n i n g  t h i s  a p p l i c a t i o n  o f  f e e d  r e s t r i c t i o n  t o  e g g - t y p e  

h e n s .



»• S ”

The p u r p o s e  of  t h i s  s t u d y  was  t o  o b t a i n  i n f o r m a t i o n  con 

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

c i e n c y ,  t o  e v a l u a t e  d i f f e r e n t  m e a s u r e s  o f  e f f i c i e n c y ,  and  t o  

o b s e r v e  e f f e c t s  o f  f e e d  r e s t r i c t i o n  on  e f f i c i e n c y  o f  egg  

p r o d u c t i o n .
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REVIEW OF LITERATURE 

C o m p o n e n t s  o f  E f f i c i e n c y

A c c o r d i n g  t o  T i t u s  ( 1 9 5 5 ) ,  m o s t  o f  t h e  f e e d  a l a y i n g  h e n  

c o n s u m e s  i s  u s e d  f o r  g r o w t h  a nd  m a i n t e n a n c e  and  a r e l a t i v e l y  

s m a l l  p o r t i o n  i s  u s e d  f o r  egg  p r o d u c t i o n .  He c o n s i d e r s  t h a t  

e f f i c i e n c y  i s  p r i m a r i l y  i n f l u e n c e d  by r a t e  o f  p r o d u c t i o n ,  b o d y  

s i z e ,  a nd  q u a n t i t y  o f  f e e d  c o n s u m e d . He f o u n d  t h a t  a L e g h o r n  

p u l l e t  w e i g h i n g  3 . 5  p o u n d s  r e q u i r e d  . 14  p o u n d s  f e e d  f o r  d a i l y  

m a i n t e n a n c e  a nd  a n  a d d i t i o n a l  . 0 8 8 8  p o u n d s  o f  f e e d  t o  p r o d u c e  

a 2 - o u n c e  e g g . He a l s o  r e p o r t e d  t h a t  a L e g h o r n  p u l l e t  w i l l  

consume  7 . 7  t o  8 . 7  p o u n d s  o f  f e e d  p e r  d o z e n  e g g s  when  p r o ­

d u c i n g  100 e g g s  p e r  y e a r , b u t  o n l y  4 . 4  t o  4 . 9  p o u n d s  o f  f e e d  

p e r  d o z e n  e g g s  when p r o d u c i n g  2 QQ e g g s  p e r  y e a r .

B rody  £t_ a_l.  ( 1 9 3 8 )  a r r i v e d  a t  t h e  f o l l o w i n g  f o r m u l a  f o r  

f e e d  c o n s u m p t i o n s

F e e d  = . 6 9 2 ( e g g )  + . SOOM1^ 3 + 1 . 1  c h a n g e  i n  M 

T h i s  f o r m u l a  i n d i c a t e s  t h a t  . 6 9 2  g r a ms  f e e d  a r e  e x p e n d e d  i n  

p r o d u c i n g  .1 g ram o f  e g g ;  . 3 0 0  g r a m s  f e e d  a r e  u s e d  f o r  m a i n ­

t e n a n c e  p e r  g ram b o d y  w e i g h t  r a i d e d  t o  t h e  . 7 3  p o w e r ;  and  1 . 1  

g r a m s  f e e d  a r e  e x p e n d e d  p e r  g ram c h a n g e  i n  body  w e i g h t .  T h i s  

e q u a t i o n  i n c o r p o r a t e s  t h e  Br ody  et_ aJL_. ( 1934)  f o r m u l a  f o r  e s ­

t i m a t i n g  m a i n t e n a n c e  r e q u i r e m e n t s  o f  a n i m a l s  a s  a f u n c t i o n  o f  

b o d y  w e i g h t .

Fo r  c o m p a r a t i v e  p u r p o s e s , i f  t h e  B ro d y  f o r m u l a  i s  a p p l i e d
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t o  a h e n  w e i g h i n g  1720  g r a m s , p r o d u c i n g  37 grams  e g g  p e r  d a y ,  

t h e  h e n  w o u l d  consume 9 4 , 9  g r a m s  o f  f e e d  and  h a v e  a g r o s s  

e f f i c i e n c y  o f  „ 3 8 9 8 .  The T i t u s  f o r m u l a  a p p l i e d  t o  a s i m i l a r  

h e n  w o u l d  r e s u l t  i n  9 5 „ 4  g r a ms  f e e d  c o n s u m p t i o n  a n d  a g r o s s  

e f f i c i c i e n c y  o f  „ 3 8 7 7 .  When t h e s e  c o e f f i c i e n t s  a r e  c o n v e r t e d  

t o  " p o u n d s  f e e d  p e r  doz,en 2 - o u n c e  e g g s "  t h e  r e s u l t s  become 

3 . 8 5  a n d  3 . 8 6  r e s p e c t i v e l y .

C a r d  C1946)  e x p r e s s e d  t h e  a n n u a l  f e e d  r e q u i r e m e n t s  o f  

h e n s  w e i g h i n g  b e t w e e n  4 and  8 p o u n d s  by t h e  f o l l o w i n g  f o r m u l a s

F = 25 + „8 W + E/ 7

w h e r e  F r e p r e s e n t s  t h e  t o t a l  f e e d ,  W t h e  a v e r a g e  b o d y  w e i g h t ,  

and  E i s  t h e  number  o f  e g g s  p r o d u c e d  i n  one  y e a r .

King  ( 1 9 5 6 )  u s i n g  r an do m s a m p l e  t e s t  d a t a  f o r  l i g h t  

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

d i c t i n g  f e e d ,  c o n s u m p t i o n s

Y =  - 1 0 . 2 1 4  + . I M X 1 + 8 . 9 1 5 X2  + 1 . 4 1 6 X 3 

w h e r e  i s  t h e  h e n  d a y  egg  p r o d u c t i o n ,  X2 t h e  b o d y  w e i g h t  i n  

p o u n d s , a n d  X3 t h e  egg  w e i g h t  i n  o u n c e s  p e r  d o z e n .

B y e r l y  ( 1 9 4 1 )  f o u n d  t h e  a n n u a l  f e e d  r e q u i r e m e n t  f o r  m a i n ­

t e n a n c e  o f  a 3 - p o u n d  h e n  t o  be 4 6 . 8  p o u n d s , and.  e a c h  100 e g g s  

r e q u i r e d  a n  a d d i t i o n a l  1 4 . 2  p o u n d s  o f  f e e d .  Bhuwan e t  a I .

( 1949)  r e p o r t e d  t h a t  h e n s  l a y i n g  a t  a' r a t e  o f  72 p e r c e n t  u s e d  

71  p e r c e n t  o f  t h e  f e e d  f o r  m a i n t e n a n c e ,  27 p e r c e n t  f o r  egg 

p r o d u c t i o n  a n d  2 p e r c e n t  f o r  i n c r e a s e  i n  b o d y  w e i g h t .  G l a z e n e r
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and  Blow ( 1 9 5 4 )  o b s e r v e d  t h a t  b o d y  w e i g h t  and  r a t e  o f  p r o d u c ­

t i o n  w e r e  t h e  m o s t  i m p o r t a n t  f a c t o r s  i n  e f f i c i e n c y  o f  egg  p r o ­

d u c t i o n  „ M i l l e r  a n d  Q u i s e n b e r r y  ( 1 9 5 9 )  c o n s i d e r e d  body  s i z e , 

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

a s  t h e  m o s t  i m p o r t a n t  f a c t o r s  a f f e c t i n g  e f f i c i e n c y .

E f f e c t s  o f  F e e d  R e s t r i c t i o n

Heywang ( 1 9 4 0 )  f o u n d  t h a t  r e s t r i c t i n g  f e e d  i n t a k e  of  h e n s  

12§ and  25 p e r c e n t  r e d u c e d  egg  p r o d u c t i o n  31 a nd  54 p e r c e n t  

r e s p e c t i v e l y .  The d a i l y  f e e d  a l l o w a n c e s  o f  t h e  r e s t r i c t e d  

g r o u p s  w e r e  d e t e r m i n e d  by d e d u c t i n g  t h e  a p p r o p r i a t e  amoun t  

f r o m  t h e  d a i l y  f e e d  i n t a k e  o f  a c o n t r o l  g r o u p  w h i c h  was b e i n g  

f e d  ad  l i b i t u m .

S i n g s e n  et_ a_l . ( 1948)  c o mp ar e d  r e s t r i c t e d  a n d  n o n - r e -  

s t r i c t e d  f e e d i n g  o f  h i g h  and  low e n e r g y  r a t i o n s  t o  b r o i l e r  

t y p e . b r e e d i n g  h e n s , Egg p r o d u c t i o n  was  u n s a t i s f a c t o r y  when 

low e n e r g y  d i e t s  w e r e  f e d  on a r e s t r i c t e d  b a s i s .  Egg p r o ­

d u c t i o n  was  m a i n t a i n e d  a nd  a s a v i n g  o f  22 t o  29 p e r c e n t  i n  

f e e d  r e s u l t e d  when  h i g h  e n e r g y  d i e t s  w e r e  r e s t r i c t e d .

I n  a t r a d e  j o u r n a l  a r t i c l e ,  F i s h e r  ( 1 9 5 8 )  r e m a r k e d  t h a t  

c a g e d  h e n s  on h i g h  e n e r g y  d i e t s  a t e  10 t o  15 p e r c e n t  i n  e x c e s s  

o f  t h e i r  c a l c u l a t e d  , r e q u i r e m e n t s  f o r  m a i n t e n a n c e  a n d  egg p r o ­

d u c t i o n ,  a n d  t h a t  h e n s  on r a t i o n s  r e s t r i c t e d  10 t o  15 p e r c e n t  

may a c t u a l l y  l a y  more  e g g s  t h a n  n o n - r e s t r i c t e d  h e n s .

F u l l e r  ( 1 9 5 8 )  r e p o r t e d  t h a t  r e s t r i c t e d  f e e d i n g  of  L e g h o r n
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p u l l e t s  d u r i n g  t h e  g r o w i n g  p e r i o d  r e d u c e d  body  s i z e  and  d e l a y e d  

s e x u a l  m a t u r i t y .  When f e e d  r e s t r i c t i o n s  w e r e  r e m o v e d ,  n o r m a l  

b o d y  s i z e  was  q u i c k l y  a t t a i n e d ,  e a r l y  e gg  s i ze ,  was  i n c r e a s e d ,  

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

t i o n  was  l o s t .  An i n t e r e s t i n g  a nd  b e n e f i c i a l  s i d e  e f f e c t  was 

o b s e r v e d .  The p u l l e t s  s u b j e c t e d  t o  f e e d  r e s t r i c t i o n  d u r i n g  

t h e  g r o w i n g  p e r i o d  s u f f e r e d  a s m a l l e r  d e a t h  l o s s  i p  t h e  l a y i n g  

p e n s ,  and  t h u s  p r o d u c e d  more e g g s  t h a n  t h o s e  g rown on  f u l l  

d i e t s .

I n  t h i s  r e v i e w  o f  l i t e r a t u r e  a v e r y  l i m i t e d  a m o u n t  o f  

i n f o r m a t i o n  was  f o u n d  p e r t a i n i n g  t o  r e s t r i c t e d  f e e d i n g  o f  

e g g - t y p e  h e n s .  I n  m o s t  o f  t h e  l i t e r a t u r e ,  r e s t r i c t e d  f e e d i n g  

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

d i e t s ,  h e a v y - t y p e  h e n s ,  and  g r o w i n g  p u l l e t s  p r i o r  t o  egg 

p r o d u c t i o n .
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PROCEDURES AND METHODS 

D e f i n i t i o n  o f  E f f i c i e n c y

I n  t h e  t e r m i n o l o g y  o f  f h e  i n d u s t r y  and  much o f  t h e  s c i e n ­

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

p o u n d s  o f  f e e d  co n su me d  p e r  d o z e n  e g g s  p r o d u c e d „ F r e q u e n t l y  

t h i s  e x p r e s s i o n  i s  q u a l i f i e d  by s p e c i f y i n g  t h a t  t h e  e g g s  a r e  

o f  s t a n d a r d  w e i g h t „ i  „e „,  24 o u n c e s  p e r  d o z e n .  E x p r e s s i n g  

e f f i c i e n c y  i n  t h i s  m a nn er  h a s  a s e r i o u s  d i s a d v a n t a g e . When 

t h e  e f f i c i e n c y  o f  i n d i v i d u a l  h e n s  i s  c a l c u l a t e d  by t h i s  

m e t h o d , i t  i s  f o u n d  t h a t  t h e  e f f i c i e n c y  o f  a h e n  p r o d u c i n g  no 

e g g s  a p p r o a c h e s  i n f i n i t y ,  a nd  c a n n o t  be g i v e n  a n u m e r i c a l  

v a l u e .  I n  r e a l i t y ,  t h e  e f f i c i e n c y  o f  s u c h  a h e n  i s  z e r o .  F o r  

t h e s e  r e a s o n s ,  g r o s s  e f f i c i e n c y  w i l l  be e x p r e s s e d ,  i n  t h i s  

p a p e r ,  a s  g r ams  o f  egg  p r o d u c e d  p e r  gram o f  f e e d  c o n s u m e d .

G r o s s  e f f i c i e n c y  “ o b s e r v e d  o u t p u t
o b s e r v e d  i n p u t

When t h i s  e x p r e s s i o n  i s  r e d u c e d  t o  g r a m s  of e gg  p e r  gram of

f e e d ,  t h e  r e s u l t i n g  c o e f f i c i e n t  f a l l s  b e t w e e n  0 a n d  I .  Thus

when a h e n  i s  n o t  l a y i n g ,  t h e  e f f i c i e n c y  i s  5 ;  t h e  l a r g e r  t h e

c o e f f i c i e n t ,  t h e  b e t t e r  t h e  e f f i c i e n c y .  The c o e f f i c i e n t  o f

e f f i c i e n c y  c a n  r e a d i l y  be c o n v e r t e d  t o  t h e  t e r m  " p o u n d s  o f

f e e d  p e r  d o z e n  2 - o u n c e  eggs ' "  by d i v i d i n g  t h e  c o n s t a n t  1 . 5  by

t h e  e f f i c i e n c y  c o e f f i c i e n t .

P o u n d s  f e e d  p e r  = ____________ 1 . 5
d o z e n  2 - o u n c e  e g g  E f f i c i e n c y  c o e f f i c i e n t

I



*= 14  ■=>

The cox i s "feant 1 05 i s  u s e d  b e c a u s e  a d o z e n  2«ao u n c e  e g g s  a s e  e q u a l  

t o  6 8 0 . 4 0  g r a m s ,  a n d  6 8 0 . 4 0  d i v i d e d  by  4 5 3 . 5 9  ( g r a m s  p e r  p o u n d )  

e q u a l s  1 . 5 .

r

The C o r n e l l  Randombr ed  S t r a i n  o f  W h i t e  L e g h o r n s  was  u s e d  

i n  t h i s  s t u d y .  T h i s  s t r a i n  was  s e l e c t e d  b e c a u s e  i t  was  d e v e l ­

o pe d  s p e c i f i c a l l y  f o r  e x p e r i m e n t a l  p u r p o s e s , a nd  i s '  b e i n g  

m a i n t a i n e d  a s  'a r a n d o m b r e e d i n g  a nd  g e n e t i c a l l y  s t a b l e '  p o p u l a ­

t i o n  ( K i n g  £ t  . a l . , .  1959)  . Thus  t h e  p a r e n t  f l o c k  be c o m e s  a . 

b a s e  a g a i n s t  w h i c h  s e l e c t e d  p o p u l a t i o n s  c a n  be m e a s u r e d  f o r  

c h a n g e .
. • ■ -

E x p e r i m e n t a l  P r o c e d u r e s

.. Eggs  o b t a i n e d  f r o m  t h e  r a n d o m b r e d  f l o c k  a t  t h e  N o r t h  C e n t r a l
. .

S i t a t e s  R e g i o n a l  P o u l t r y  B r e e d i n g  L a b o r a t o r y  w e r e  h a t c h e d  Mar ch  

3 0 ,  1 9 5 8 .  The  c h i c k s  w e r e  g r o wn  i n  o ne  p e n  s o  t t e t  a l l  w e r e  

. s u b j e c t e d  to;  s i m i l a r  e n v i r o n m e n t a l  c o n d i t i o n s . .  A t  14 w eek s  

o f  a g e , '  120  p u l l e t s  w e r e  d i v i d e d '  a t  r an d om i n t o  f o u r  g r o u p s  

a n d  p l a c e d  i n '  i n d i v i d u a l  c a g e s '  " e q u i p p e d  w i t h  i n d i v i d u a l ' f e e d e r s  - 

a nd  e g g  t r a y s . .  A m b i e n t  t e m p e r a t u r e s  i n  t h e  l a y i n g  h o u s e  r a n g e d  

f r o m  40 t o  8 8 ^ F . d u r i n g  t h e  t r i a l .  A f t e r  p r o d u c t i o n  b e g a n ,  t h e

p u l l e t s . r e c e i v e d  14 h o u r s  ,of  l i g h t  d a i l y .

The i n d i v i d u a l  r e c o r d  o f  e a c h  p u l l e t
'  ' ■ ' 'i. . .  - i.

1 .- :V i
b e g a n  on  t h e  d a y  s h e

■ i / ; , ,-.v. r  Tl.
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p r o d u c e d  h e r  f i r s t  e g g . I n d i v i d u a l  r e c o r d s  w e r e  k e p t  on  f e e d  

c o n s u m p t i o n ,  b o d y  w e i g h t ,  number  o f  e g g s ,  and  e g g  w e i g h t .

An a l l - m a s h . ,  b a r l e y  b a s e d  l a y i n g  r a t i o n ,  shown i n  

A p p e n d i x  T a b l e  X I I I ,  was  f e d  t h r o u g h o u t  t h e  t r i a l .  D u r i n g  t h e  

f i r s t  f o u r  m o n t h s ,  t h e  p u l l e t s  w e r e  f e d  a d  l i b i t u m .  On t h e  d a y  

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

r e c o r d e d  and  400  g r a ms  o f  f e e d  w e i g h e d  i n t o  t h e  f e e d e r .  T h e r e ­

a f t e r  f e e d  was a d d e d  i n  i n c r e m e n t s  o f  400 g r a m s  a s  n e e d e d .  

D u r i n g  t h e  f o l l o w i n g  f o u r - m o n t h  p r o d u c t i o n  p e r i o d ,  d i f f e r e n t  

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

The f o l l o w i n g  f e e d i n g  r a t e s  a p p l i e d :

Gr o u p  a .  P r e d i c t e d  f e e d  c o n s u m p t i o n  m i n u s  25%
G r o u p  b .  P r e d i c t e d  f e e d  q o n s u m p t i o n  m i n u s  1 2 | ^
G r o u p  c . ;  Ad. l i b i t u m
Giro1-Ut)' d .  P r e d i c t e d  f e e d  c o n s u m p t i o n  

S t a t i s t i c a l  M e t h o d s

The m a i n  s t a t i s t i c a l  m e t h o d s  e m p l o y e d  i n  t h i s  s t u d y  we r e  

t h o s e  o f  c o r r e l a t i o n  a n d  t e s t s  f o r  d i f f e r e n c e s  b e t w e e n  means  

s e t  f o r t h  by  S n e d e c b r  ( 1959)?:  t h e  a n a l y s i s  o f  v a r i a n c e  f o r  

m u l t i p l e  r e g r e s s i o n ,  a n d  t h e  e s t i m a t i n g  e q u a t i o n  g i v e n  by 

O s t l e  ( 1 9 5 8 ) :

Y = b 0 + b 1X1 + . . . . +' b kXk

The e s t i m a t i n g  e q u a t i o n  w o u l d  s e r v e  s e v e r a l  u s e f u l  p u r ­

p o s e s .  W i t h  t h e  e s t i m a t i n g  e q u a t i o n ,  t h e  p r e d i c t e d  f e e d
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c o n s u m p t i o n  c o u l d  be c a l c u l a t e d  f o r  e a c h  h e n .  Upon t h i s  

b a s i s ,  f e e d  r e s t r i c t i o n s  c o u l d  be c a l c u l a t e d  w h i c h  t a k e  i n t o  

c o n s i d e r a t i o n  v a r i a b l e s  i n  t h e  e q u a t i o n  upon  w h i c h  f e e d  c o n ­

s u m p t i o n  a r e  d e p e n d e n t .  W i t h  i n f o r m a t i o n  g a i n e d  f r o m  t h e  

e s t i m a t i n g  e q u a t i o n  i t  w o u l d  a l s o  be p o s s i b l e  t o  a d j u s t  f e e d  

c o n s u m p t i o n  and  t h e  e f f i c i e n c y  o f  t h e  h e n s  t o  a common r a t e  o f  

e g g •p r o d u c t i o n  and  body  s i z e .  T h e s e  a d j u s t e d  m e a s u r e s  m i g h t  

be u s e f u l  i n  c o m p a r i n g  h e n s  d i f f e r i n g  i n  egg  p r o d u c t i o n  and 

body  w e i g h t .

The a d j u s t e d  d a i l y  f e e d  c o n s u m p t i o n  i n d i c a t e s  t h e  amoun t  

o f  f e e d  a p u l l e t  w o u l d  consume  i f  h e r  d a i l y  e g g  p r o d u c t i o n  we r e  

37 g r a m s  a nd  h e r  b o d y  w e i g h t  1720 g r a m s . A l l  o f  t h e  a d j u s t e d  

v a l u e s  i n  t h i s  s t u d y  w e r e  a d j u s t e d  t o  t h i s  c o n s t a n t  r a t e  of  

egg  p r o d u c t i o n  a nd  body  w e i g h t .  The f o r m u l a  g i v e n  by  O s t l e  

( 1.958) f o r  f i n d i n g  a d j u s t e d  Y v a l u e s  i s  5

a d j  Y = Y -  b i C X i - X ^ )  -  b2 CX2 - X 2 )

I n  t h i s  c a s e ,  37 a nd  1720 w e r e  s u b s t i t u t e d  f o r  X1 and  X2 

r e s p e c t i v e l y .

G r o s s  e f f i c i e n c y  was c a l c u l a t e d  by d i v i d i n g  t h e  d a i l y  egg  

p r o d u c t i o n  by t h e  d a i l y  f e e d  c o n s u m p t i o n .  The a d j u s t e d  e f f i ­

c i e n c y  was  f o u n d  by d i v i d i n g  t h e  c o n s t a n t  3 7 , t o  w h i c h  d a i l y  

egg  p r o d u c t i o n  was  a d j u s t e d , by t h e  a d j u s t e d  d a i l y  f e e d  c o n ­

s u m p t i o n  .
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SYMBOLS

The f o l l o w i n g  s y m b o l s  a p e  u s e d  i n  t h e  t e x t  and  t a b l e  

h e a d i n g s  o f  t h i s  p a p e r s

a d j  E -  a d j u s t e d  e f f i c i e n c y  c o e f f i c i e n t ,  a d j u s t e d  
t o  c o n s t a n t  Xi  = 3 7 ,  X2 = 1720

Gr E -  g r o s s  e f f i c i e n c y  c o e f f i c i e n t

x I  “ egg p r o d u c t i o n  i n  g r a ms

X2 -  b o d y  w e i g h t  i n  g r a ms

X3 , X4 o t h e r ' v a r i a b l e s , d e f i n e d  i n  t e x t

Y -  o b s e r v e d  f e e d  c o n s u m p t i o n
A .
Y -  p r e d i c t e d  f e e d  c o n s u m p t i o n

ad j  Y -  a d j u s t e d  f e e d  c o n s u m p t i o n , a d j u s t e d  t o  
c o n s t a n t , Xi  = 3 7 ,  X2 = 1 7 2 0

** -  h i g h l y  s i g n i f i c a n t  ( P <  . 0 1 )

* -  s i g n i f i c a n t  (P- < . 0 5 )

E f f i c i e n c y  -  g r ams  o f  egg  p r o d u c e d  p e r  g ram o f  
f e e d  c onsumed
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RESULTS AND DlSCtiS§ION 

C o m p o n e n t s  o f  E f f i e I e n c y

F i v e  e x p l p r a t d r y  e q u a t i o n s  f o r  e s t i m a t i n g  f e e d  c on su mp ­

t i o n  w e r e  c a l c u l a t e d ^  T h e s e  e q u a t i o n s  a r e  shown i n  T a b l e  I „ 

E q u a t i o n s  I ,  2 ,  and  5 w e r e  d e r i v e d  f r om  d a t a  t a k e n  a f t e r  t h e  

h e n s  h a d  b e e n  i n  p r o d u c t i o n  f o r  a n  a v e r a g e  o f  86 d a y s . E q u a ­

t i o n s  3 a nd  4 w e r e  c a l c u l a t e d  f r o m  d a t a  c o v e r i n g  a n  a v e r a g e  

p r o d u c t i o n  p e r i o d  o f  121  d a y s .

E q u a t i o n s  I  a nd  2 d i f f e r  o n l y  i n  t h e  body w e i g h t s  u s e d  

f o r  v a r i a b l e  Xg» The m i d - b o d y  w e i g h t ,  i n  e q u a t i o n  I  was  a n  

a v e r a g e  Ca)  t h e  w e i g h t  o f  t h e  p u l l e t  on t h e  d a y  o f  t h e  f i r s t  

e g g  a nd  ( b)  t h e  w e i g h t  a t  t h e  end  of  t h e  86 day  p r o d u c t i o n  

p e r i o d . The f i n a l  b o d y  w e i g h t  i n  e q u a t i o n  2 i s  t h a t  o b s e r v e d  

a t  t h e  end o f  t h e  86 d a y  p e r i o d  A The r e m a i n i n g  v a r i a b l e s  I n  

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

w e i g h t  o f  e g g s  p r o d u c e d „ and  t h e  number  o f  d a y s  t h e  p u l l e t s  

w e r e  i n  p r o d u c t i o n .

A l l  o f  t h e  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  o f  e q u a t i o n s  I 

and  2 we r e  s t a t i s t i c a l l y  h i g h l y  s i g n i f i c a n t .  As shown I n  t h e  

l o w e r  p o r t i o n  o f  T a b l e  I s t h e  u s e  o f  t h e  f i n a l  b o d y  w e i g h t  o f  

t h e  p u l l e t s  i m p r o v e d  t h e  e s t i m a t i n g  e q u a t i o n . The  s t a n d a r d  

" d e v i a t i o n  o f  e q u a t i o n  2 was r e d u c e d ,  a n d  t h e  R2 a n d  F v a l u e s  

i m p r o v e d „ T h i s  i m p r o v e m e n t  i n  t h e  e s t i m a t i n g  e q u a t i o n  was  

p r o b a b l y  d u e  t o  t h e  f a c t  t h a t  t h e  p u l l e t s  w e r e  g a i n i n g  w e i g h t ,
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T a b l e  I ,  COMPARISON OF ESTIMATING EQUATIONS FOR FEED CONSUME -  
___________ , TION, USING DIFFERENT COMBINATIONS OF VARIABLES

V a r i a b l e s ; -

F e e d ,  g r , JEggs , g r . Body W t . ,  g r • O t h e r  V a r i a b l e s

Y ____ X l - -  . : . X5 X? Xd

I . T o t a l  f e e d T o t a l  e g g s Mid Days  i n  Lay
2 . T o t a l  f e e d T o t a  I  e g g s F i n a  I Days  i n  Lay -
3 . F e e d / d a  y B g g / d a y F i n a l Days  i n  Lay _
4 . F e e d / d a y E g g / d a  y F i n a  I - -
5 . F e e d / d a  y E g g / d a y Mid Ga i n / d a y Age 1 s t

egg

E s t i m a t i n g  e q u a t i o n s ; -

bn bi  Xi b? X5 b s  X? bd Xd

I o $ -  - 4 8 2 4 . 2 7 + . 9 1 4 0 * * 2 . 6 9 0 5 * * + 8 1 . 6 4 * *
2 . $ = - 4 4 5 1 . 4 0 + . 9 4 0 7 * * + 2 . 5 0 2 5 * * + 7 8 . 6 9 * *
3. $ S= 3 3 . 4 2 2 6 + . 7 2 7 0 * * + . 0 3 0 3 * * — . 0 2 2 1
4 . f  == 3 3 . 1 8 6 7 4" . 7 2 7 0 * * + ' . 0 3 0 3 * * - O.
5 . 9 = 3 2 . 0 1 0 0 + . 8 2 1 4 * * + . 0 2 8 1 * * + 1 . 4 6 4 5 * * .+ . 0 1 0 2

M e a n s , s , R2 , 

Y .

F v a l u e s :

' Xi X5 x s Xd S  R2 F

I . 9 7 0 7 . 2 1 3 2 0 7 . 4 2 1 6 7 6 . 0 8 8 6 . 8 6 1 0 Q 6 . 4 .78 1 3 1 . 4 3 * *
2 . 9 7 0 7 . 2 1 3 2 0 7 . 4 2 1 7 2 0 . 7 8 8 6 . 8 6 9 7 2 . 3  . 79 1 4 3 . 5 0 * *
3 . 1 1 4 . 6 9 3 7 . 7 6 1 7 2 8 . 9 9 1 2 1 . 5 1 6 . 9  . 62 6 2 . 3 7 * *
4 . 1 1 4 . 6 9  • 3 7 . 7 6 1 7 2 8 . 9 9 6 . 9  . 62 9 4 . 3 7 * *
5 . 1 1 2 . 3 7 3 7 . 0 5 1 6 7 6 . 3 1 OOC

- 1 6 6 . 1 4  8 . 1  . 56 3 6 . 4 5 * *

** S i g n i f i c a n t  b e y o n d  . 0 1  p r o b a b i l i t y  l e v e l
* S i g n i f i c a n t  b e y o n d  . 05  p r o b a b i l i t y  l e v e l
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a n d  t h u s  t h e  f i n a l  w e i g h t  was  a b e t t e r  b a s i s  f o r  t h e  e s t i m a ­

t i o n  o f  f e e d  c o n s u m p t i o n .

E q u a t i o n s  3 a nd  4 d i f f e r  f r o m  I  and  2 i n  t h a t  d a i l y  f e e d  

c o n s u m p t i o n  a nd  d a i l y  w e i g h t  o f  e g g s  p r o d u c e d  w e r e  u s e d  a s  

v a r i a b l e s  Y and  „ and  t h e  o b s e r v a t i o n  p e r i o d  c o v e r e d  121 

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

r a t e  p e r  d a y  b a s i s ,  v a r i a b l e  X3 , d a y s  i n  p r o d u c t i o n ,  m i g h t  be  

o m i t t e d  w i t h o u t  s e r i o u s l y  a f f e c t i n g  t h e  e s t i m a t i n g  e q u a t i o n .

The r e s u l t i n g  e q u a t i o n s  show t h a t  t h e r e  w e r e  no c h a n g e s  i n  t h e  

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

a n d  b o d y  w e i g h t .  T h e s e  c o e f f i c i e n t s  w e r e  h i g h l y  s i g n i f i c a n t .  

The  p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  f o r  d a y s  i n  p r o d u c t i o n ,  i n  

e q u a t i o n  3 ,  was  n o n - s i g n i f i c a n t .  I n  t h e  l o w e r  p o r t i o n  o f  

T a b l e  I , i t  w i l l  be  s e e n  t h a t  t h e  s  a n d  R2 v a l u e s  f o r  e q u a t i o n s  

3 a nd  4 w e r e  t h e  s a m e .  The P v a l u e s ,  h o w e v e r , c h a n g e d  b e c a u s e  

o f  t h e  d i f f e r e n c e  i n  d e g r e e s  o f  f r e e d o m  r e s u l t i n g  f r o m  t h e  ' 

d e l e t i o n  o f  one  v a r i a b l e .  O m i t t i n g  d a y s  i n  p r o d u c t i o n  d i d  n o t  

s i g n i f i c a n t l y  a f f e c t  t h e  e s t i m a t i n g  q u a l i t i e s  of  t h e  e q u a t i o n .  

I n  c o m p a r i n g  e q u a t i o n s  I a nd  2 w i t h  3 a n d  4 ,  i t  was  f o u n d  t h a t  

t h e  U2 v a l u e s  w e r e  r e d u c e d  f r o m  . 7 8  t o  . 6 2 .  A p p a r e n t l y  e x t e n d ­

i n g  t h e  o b s e r v a t i o n  p e r i o d  f r o m  86  t o  121  d a y s  a d v e r s e l y  

a f f e c t e d  t h e  e s t i m a t i o n .

The i m p r o v e m e n t  o f  e s t i m a t i n g  e q u a t i o n  2 o v e r  e q u a t i o n  I ,
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by i n c r e a s i n g  t h e  body  w e i g h t ,  s u g g e s t e d  t h a t  c h a n g e  i n  body  

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

f o r e  a v e r a g e  d a i l y  c h a n g e  i n  body  w e i g h t  was i n t r o d u c e d  a s  a 

v a r i a b l e  i n  e q u a t i o n  5 .  The o t h e r  v a r i a b l e s  w e r e  d a i l y  f e e d  

c o n s u m p t i o n ,  d a i l y  w e i g h t  o f  egg  p r o d u c e d ,  mid b o d y  w e i g h t , 

and  a g e  a t  f i r s t  e g g .  The p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  

a s s o c i a t e d  w i t h  egg  p r o d u c t i o n  and  body  w e i g h t  a g a i n  w e r e  

h i g h l y  s i g n i f i c a n t .  The p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t  f o r  

t h e  a v e r a g e  d a i l y  g a i n  i n  w e i g h t  Wfl.s s i g n i f i c a n t .  The p a r t i a l  

r e g r e s s i o n  c o e f f i c i e n t  f o r  a g e  a t  f i r s t  e gg  was  n o t  s i g n i f i c a n t .  

C o m p a r i n g  e q u a t i o n s  3 and  4 w i t h  e q u a t i o n  5 ,  i t  was  f o u n d  t h a t  

t h e  s t a n d a r d  d e v i a t i o n  i n  e q u a t i o n  5 yias g r e a t e r , a nd  t h e  R2 

and  F v a l u e s  o b t a i n e d  w e r e  l o w e r  t h a n . i n  e q u a t i o n s  3 a n d  4 .  The 

means  o f  t h e  V a r i a b l e s  a r e  shown i p  T a b l e  I . A n a l y s i s  o f  v a r i ­

a n c e  t a b l e s  o f  m u l t i p l e  r e g r e s s i o n  e q u a t i o n s  I  t h r o u g h  5 a r e  

shqwn i n  T a b l p  I I .

The i n d i v i d u a l  r e c o r d s  o f  t h e  p u l l e t s  f r o m  w h i c h  e q u a t i o n s

I ,  2 , a n d  5 w e r e  c a l c u l a t e d  a r e  shown i n  A p p e n d i x  T a b l e s  I ,

I I ,  I I I ,  a nd  I V .  I n  a d d i t i o n  t o  t h e  d a i l y  f e e d  c o n s u m p t i o n ,

Y.j t h e  d a i l y  e g g  p r o d u c t i o n ,  X15 a n d  body  w e i g h t ,  X2 j w h i c h  

we r e  u s e d  i n  ca l c u l a t i n g  t h e  e s t i m a t i n g  e q u a t i o n s  $ t h e  p r e ­

d i c t e d  f e e d  c o n s u m p t i o n ,  f ; t h e  a d j u s t e d  f e e d  c o n s u m p t i o n ,

a d j  Yj t h e  g r o s s  e f f i c i e n c y ,  Gr E;  a n d  t h e  a d j u s t e d  e f f i c i e n c y ,  

a d j  E j a r e  shown on  a d a i l y  b a s i s  f o r  e a c h  p u l l e t . The r e c o r d s
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T a b l e  I I 0 ANALYSIS OF VARIANCE OF MULTIPLE REGRESSION
EQUATIONS I ,  2* 3 , 4 ,  and  5

S o u r c e d „ f ,

*.**•#’ "  » ^ !» 

SS

. 9 w

MS s . R2 F

I . R e g r e s s i o n 3 •399407508 1 3 3 3 1 3 5 8 3 6 . 0 1006 . 4 .  .75I 1 3 1 . 4 3 * *
D e v i a t i o n 114. 1 1 5 47 17 7 0 1 0 1 2 9 1 0 , 3

T o t a  I 117 514879.278

2 , R e g r e s s i o n 3 4 0 7 0 8 7 1 8 0 1 3 5 6 9 5 7 2 6 . 6 9 7 2 . 3  . 79 1 4 3 . 5 0 * *
D e v i a t i o n 114 1 0 77 9 20 9 8 9 4 5 5 5 2 . 4

T o t a l 117 5 1 4 8 7 9 2 7 8

3. R e g r e s s i o n 3 9 0 5 6 , 2 5 3 0 1 8 . 7 5 6 . 9  . 6 2 6 2 . 3 7 * *
D e v i a t i o n 111 5 3 7 1 , 6 5 4 8 . 3 9

T o t a l 114 1 4 4 2 7 , 9 0

4 , R e g r e s s i o n 2 ' 9 0 5 5 . 2 7 4 5 2 7 , 6 3 6.9. . 62 9 4 . 3 7 * *
D e v i a t i o n 112 5 3 7 3 , 0 7 4 7 . 9 7

T o t a l 114 1 4 4 2 8 , 3 4
.

5 , R e g r e s s i o n 4 9 5 8 0 . 0 6 2 3 9 5 . 0 2 8 . 1  , 56 3 6 . 4 5 * *
D e v i a t i o n 113 7 4 2 3 . 1 1 6 5 . 6 9

. T o t a l 117 1 7 0 0 3 . 3 7

** S i g n i f i c a n t  b e y o n d  „01 p r o b a b i l i t y  l e v e l
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f r o m  w h i c h  e q u a t i o n s  3 a n d  4 w e r e  c a l c u l a t e d  a r e  shown i n  

A p p e n d i x  T a b l e s  V, V I ,  V I I ,  and  V I I I .

A t  t h e  end  o f  t h e  n o n - r e s t r i c t e d  f e e d i n g  p e r i o d ,  a s e t  

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

i n g  121 d a y s  o f  p r o d u c t i o n .  The s e t  o f  e q u a t i o n s  i n c l u d e  a n  

o v e r - a l l  e q u a t i o n  w h i c h  was b a s e d  on t h e  t o t a l  o b s e r v a t i o n s  

a n d  f o u r  i n d i v i d u a l  e q u a t i o n s ,  one  f o r  e a c h  g r o u p  o f  h e n s . At  

t h e  e nd  o f  t h e  r e s t r i c t e d  f e e d i n g  p e r i o d ,  a s i m i l a r  s e t  o f  

e q u a t i o n s  was  c a l c u l a t e d  on t h e  d a t a  a c c u m u l a t e d  d u r i n g  t h a t  

p e r i o d .  B o t h  s e t s  o f  e q u a t i o n s  a r e  shown in .  T a b l e  I T I . I t  

w i l l  be n o t i c e d  t h a t  e q u a t i o n  6 i s  t h e  same a s  e q u a t i o n  4 i n  

T a b l e  I  and  s e r v e s  a s  t h e  o v e r - a l l  e q u a t i o n  o f  t h e  f o u r  g r o u p s  

6 , a ,  b ,  c , a nd  d d u r i n g  t h e  n o n - r e s t r i c t e d  f e e d i n g  p e r i o d  o f  

121 d a y s .  The  d a t a  f r o m  w h i c h  e q u a t i o n s  6 , a ,  b ,  c ,  and  d 

w e r e  c a l c u l a t e d  a r e  s hown i n  A p p e n d i x  T a b l e s  V, V I ,  V I I ,  and 

y,11 1 . The h e a d i n g s  o f  t h e s e  t a b l e s  show t h e  e s t i m a t i n g  equa  ^ 

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

e a c h  h e n .  The p r e d i c t e d  f e e d  c o n s u m p t i o n  o f  e a c h  h e n  was t h e n  

u s e d  a s  a b a s i s  f o r  c a l c u l a t i n g  t h e  d a i l y  f e e d  a l l o w a n c e  f o r  

t h e  h e n  d u r i n g  t h e  r e s t r i c t e d  f e e d i n g  p e r i o d .  E q u a t i o n s  7 ,  a , 

b ,  c , and  d w e r e  c a l c u l a t e d  f r om  A p p e n d i x  T a b l e s  IX,  X, XI ,  

a nd  X I I . The d a i l y  f e e d  c o n s u m p t i o n ,  Y, i n  t h e s e  t a b l e s  i n ­

d i c a t e s  t h e  a m o u n t  o f  f e e d  a l l o w e d  e a c h  h e n  d u r i n g  t h e  r e ­

s t r i c t e d  f e e d i n g  p e r i o d  <;
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T a b l e  I I I . .  ESTIMATING EQUATIONS, OVER-ALL AND BY GROUPS, 121 
DAY PRODUCTION PERIODS, NON-RESTRICTED AND RE­
STRICTED FEEDING

E s t i m a t i n g  e q u a t i o n s ,  n o n - r e s t r i c t e d  f e e d i n g  “

J2n___________  -  b i X i  ________ _ b 2X?

* = 3 3 . 1 8 6 7 + . 7 2 7 0 * * + . 0 3 0 3 * *
a . Y — 3 8 . 9 8 1 6 . 9 2 1 6 * * + . 0 2 2 9 * *
b . Y £= 3 5 . 1 5 5 1 + . 3 1 6 4 * * + , . 0 3 8 7 **
C i 2 1 . 7 6 4 7 + 1 . 0 8 9 7 * * + . 0 2 8 5 * *
d . 2 5 . 3 6 1 9 . 7 7 8 2 * * * . 0 3 2 5 * *

E s t i m a t i n g  e q u a t i o n s ,  r e s t r i c t e d  f e e d i n g .  F e e d i n g  r a t e s :  
a .  1?-25%, b c Y - 1 2 | % ,  c „ ad  l i b i t u m ,  d .  ”Y

Jfe©—:_______ b l X l ______________ bo Xo

7 . & == 1 2 . 4 2 0 4 . 8876** + .0368**-
a . I  = 3 4 . 5 1 4 2 + . 4 4 6 5 * * + . 0 2 4 2 * *
b . Y = 2 3 . 6 0 4 8 + . 5 7 5 4 * * . 03 3 3 * *
c . J  = 3 8 . 8 1 6 6 .+ . 8 4 4 2 * * + . 0 2 7 6 * *

• d . Y a  2 3 . 3 9 7 5 •6- . 7 1 5 4 * * + . 03 3 8 * *

M e a n s ,  s ,  R^ ,  F v a  l u e s

Y Xi Xo s R2 _______ F '

. 6 2  9 4 . 3 7 * *  

. 57  1 7 . 2 5 * *  

. 5 3  1 5 . 5 4 * *  

. 65  2 3 . 4 6 * *  

. 8 2  5 7 . 6 9 * *

. 8 3  2 8 1 . 0 4 * *  

. 8 9  1 0 6 . 6 9 * *  

. 7 7  4 5 . 5 2 * *  

. 7 1  3 1 . 1 1 * *  

. 89  1 1 1 . 6 3 * *

6 . 1 1 4 . 6 9 37 . 7 6  ' 1 7 2 8 . 9 9 6 . 9
a , 1 1 2 . 4 8 3 7 . 3 1 1 7 0 4 . 5 5 7 . 3
b . 1 1 7 . 5 3 3 8 . 1 5 1 8 1 4 . 0 6 7 . 8
Co 1 1 6 . 4 2 3 9 . 3 1 1 8 1 8 . 2 1 5 . 8
d . 1 1 2 . 2 1 3 6 . 3 8 1795 . 7 1 5 . 5

7 . 9 9 . 4 6 2 4 . 8 5 1 7 6 1 . 5 3 7 . 4
a . 7 9 . 4 1 1 3 . 7 9 1 5 9 9 . 2 4 3 . 0
b . 9 6 . 6 0 2 5 . 0 6 1 7 5 5 . 5 6 4 . 1
c . 1 1 7 . 8 5 3 2 . 3 6 1 8 9 5 . 2 5 7 . 8
d . 1 0 4 . 9 2 2 8 . 5 7 1 8 0 2 . 3 2 5 . 1

S i g n i f i c a n t  b e y o n d  . 0 1  p r o b a b i l i t y  l e v e l
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I n  T a b l e  I I I ,  i t  i s  s e e n  t h a t  t h e  c o n s t a n t , b o i  o f  t h e  

o v e r - a l l  e q u a t i o n  6 f a l l s  w i t h i n  t h e  r a n g e  of  t h e  C o n s t a n t s  o f  

i t s  g r o u p s  a ,  b ,  c , and  d . S i m i l a r l y  t h e  p a r t i a l  r e g r e s s i o n  

c o e f f i c i e n t s  f o r  e g g  p r o d u c t i o n ,  b^,, a n d  body  w e i g h t ,  b2 , f a l l  

w i t h i n  t h e  r a n g e  o f  t h e  c o r r e s p o n d i n g  g r o u p  c o e f f i c i e n t s .  I n  

c o n t r a s t , t h e  bQ o f  o v e r - a l l  e q u a t i o n  7 f a l l s  b e l o w  t h e  r a n g e  

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

p a r t i a l  r e g r e s s i o n  c o e f f i c i e n t s  b^ a nd  b2 a r e  g r e a t e r  t h a n  

c o r r e s p o n d i n g  c o e f f i c i e n t s  i n  t h e  g r o u p  e q u a t i o n s .  I n  t h e  

n o n - r e s t r i c t e d  f e e d i n g  p e r i o d ,  e q u a t i o n  6 a p p e a r e d  t o  be a n .  

" a v e r a g e "  o f  t h e  g r o u p  e q u a t i o n s ,  b u t  d u r i n g  t h e  r e s t r i c t e d  

f e e d i n g  p e r i o d ,  when some o f  t h e  v a r i a b l e s  w e r e  c o n t r o l l e d ,  

t h i s  d i d  n o t  seem- t o  p e r t a i n .

The F v a l u e s ,  shown i n  t h e  l o w e r  p o r t i o n  o f  T a b l e  I I I ,  

o b t a i n e d  f o r  t h e  o v e r - a l l  e q u a t i o n s  6 a nd  7 a r e  g r e a t e r  t h a n  

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

a s  may be e x p e c t e d ,  t h a t  t h e  g r e a t e r  number  o f  o b s e r v a t i o n s  

t e n d  t o  r e d u c e  e r r o r „ E x a m i n a t i o n  o f  t h e  R2 v a l u e s ,  h o w e v e r , 

i n d i c a t e d  t h a t  t h e  o v e r - a l l  e q u a t i o n s  w e r e  n o t  a l w a y s  t h e  b e s t  

e s t i m a t i n g  e q u a t i o n s  when  c om p a r ed  w i t h  t h e  R2 v a l u e s  o f  t h e i r  

own g r o u p s . T h i s  w o u l d  i n d i c a t e ,  t h a t  a l t h o u g h  t h e  o v e r - a l l  

e q u a t i o n s  c o n t a i n  l e s s  e r r o r ,  t h e  e q u a t i o n s  f o r  t h e  i n d i v i d u a l  . 

g r o u p s  may be more  r e a l i s t i c .  The  a n a l y s i s  o f  v a r i a n c e  f o r  t h e
Z

m u l t i p l e  r e g r e s s i o n  e q u a t i o n s  6 , a ,  b ,  c ,  d ,  a n d  7 ,  a ,  b ,  c ,
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a nd  d a p p e a r  i n  T a b l e  IV.  -

The e s t i m a t i n g  e q u a t i o n s  i n  T a b l e  I and  IV show, t h a t  a l l  

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

a b l e s  egg  p r o d u c t i o n  and  b o d y  w e i g h t  w e r e  h i g h l y  s i g n i f i c a n t .  

T h i s  a p p l i e d  w h e t h e r  t h e  h e n s  w e r e  b e i n g  f e d  ad l i b i t u m  o r  

r e s t r i c t e d  r a t i o n s .  T h i s  w o u l d  i n d i c a t e  t h a t ,  o f  t h e  i n d e ­

p e n d e n t  v a r i a b l e s  c o n s i d e r e d  i n  t h i s  s t u d y ,  egg  p r o d u c t i o n  and  

b o d y  w e i g h t  a r e  t h e  m a j o r  f a c t o r s  a f f e c t i n g  f e e d  c o n s u m p t i o n . 

T h i s  a g r e e s  w i t h  t h e  f i n d i n g s  r e p o r t e d  i n  t h e  r e v i e w  'of  l i t e r ­

a t u r e .

M e a s u r e s  o f  E f f i c i e n c y

The a d j u s t e d  e f f i c i e n c y  c o e f f i c i e n t s  m i g h t  be u s e f u l  

m e a s u r e s  f o r  c o m p a r i n g  t h e  e f f i c i e n c i e s  o f  h e n s  w h i c h  d i f f e r e d  

i n  r a t e  o f  p r o d u c t i o n  and  b o d y  s i z e .  A c o m p a r i s o n  o f  g r o s s  

e f f i c i e n c y  c o e f f i c i e n t s  and  a d j u s t e d  e f f i c i e n c y  c o e f f i c i e n t s  

i s  shown i n  T a b l e  V. P a r t  I  shows  a c o m p a r i s o n  o f  t h e  

a v e r a g e  g r o s s  e f f i c i e n c y  v e r s u s  t h e  a v e r a g e  a d j u s t e d  e f f i ­

c i e n c y  o f  f o u r  g r o u p s  o f  h e n s  d u r i n g  t h e  n o n - r e s t r i c t e d  f e e d ­

i n g  p e r i o d .  I t  was  f o u n d  t h a t  t h e  mean d i f f e r e n c e s  b e t w e e n  

t h e s e  m e a s u r e s  w e r e  n o n - s i g n i f i c a n t .  C o r r e l a t i o n s  b e t w e e n  

t h e  means  o f  g r o s s  e f f i c i e n c y  and  a d j u s t e d  e f f i c i e n c y  a l l  w e r e  

p o s i t i v e  a nd  r a n g e d  f r o m  . 2 1  t o  . 5 3 .  I t  w o u ld  a p p e a r  t h a t ,  

b e c a u s e  o f  t h e  n o n - s i g n i f i c a n t  mean d i f f e r e n c e s ,  g r o s s  e f f i ­

c i e n c y . a n d  a d j u s t e d  e f f i c i e n c y  e s t i m a t e d  t h e  same m e a s u r e .
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T a b l e  I V.  . ANALYSIS OF VARIANCE OF ESTIMATING EQUATIONS, 6 , 
a ,  b„ c ,  d , AND 7 ,  a ,  b ,  c ,  d

N o n - r e s t r i c t i n g  f e e d i n g  " ^  "

________S o u r c e  d f  SS MS s  R2 F

6 . R e g r e s s i o n  2
D e v i a t i o n  112 

T o t a l  114

a„  R e g r e s s i o n  2
D e v i a t i o n  26 

T o t a l  28

b .  R e g r e s s i o n  2
D e v i a t i o n '  27 

T o t a l  29

c o- R e g r e s s i o n  2
D e v i a t i o n  25 

T o t a l  27

d« R e g r e s s i o n  2
D e v i a t i o n  25 

T o t a l  27

R e s t r i c t e d , f  e e d i n g

7 . R e g r e s s i o n 2 3 1 9 1 2 . 0 4 1 5 9 5 6 . 0 2 7 . 4 CO00 2 8 1 . 0 4 * *
D e v i a  t i o h . 112 6 3 5 8 . 5 9 . 5 6 . 7 7

. . , T o t a l 114 3 8 2 7 0 . 6 3

a . R e g r e s s i o n 2 1947 . 72 9 7 3 . 8 6 OCO . 89 1 0 6 . 6 9 * *
D e v i a  t i o h - 26 2 3 7 . 3 1 0 9 . 1 2

T o t a l 28 2 1 8 5 . 0 3

b . R e g r e s s i o n 2 1 5 9 5 . 9 3 7 9 7 . 9 6 4 . 1  - . 7 7 4 5 . 5 2 * *
D e v i a t i o n 27 4 7 3 . 2 4 1 7 . 5 2

T o t a l 29 2 0 6 9 . 1 9

c . R e g r e s s i o n 2 3 8 4 2 . 1 3 192 1 . 06 ' 00 . 7 1 3 1 . 1 1 * *
D e v i a t i o n 25 1 5 4 3 . 2 9 6 1 . 7 3

T o t a l 27 5 3 8 5 . 4 2
d „ R e g r e s s i o n 2 5 7 6 7 . 2 6 2 8 8 3 . 6 2 5 . 1 . 89 1 1 1 . 6 3 * *

D e v ia  t i o n 25 645.77, 2 5 . 8 3
T o t a l 27 6 4 1 3 . 0 3

^  S i g n i f i c a n t  b e y o n d  . O l  p r o b a b i l i t y  l e v e l

9 0 5 5 . 2 7
5 3 7 3 . 0 7

1 4 4 2 8 . 3 4

4 5 2 7 . 6 3
4 7 . 9 7

6 . 9 . 7 8 1 3 1 . 4 3 * *

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

9 4 0 . 7 9
5 4 . 5 2

7 . 3 . 5 7 1 7 . 2 5 * *t ■

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

9 6 0 . 1 4
6 1 . 7 4

7 . 8 . 5 3 1 5 . 5 4 * *
•

1 6 0 8 . 1 6
8 5 6 . 6 9

2 4 6 4 . 8 5

■ 804.-07 
3 4 . 2 6

5 . 8 . 65 - 2 3 . 4  6**-

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

4 4 3 6 . 7 0

1 8 2 3 . 3 0
3 1 . 6 0

5 . 5 . 8 2 5 7 . 6 9 * *
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T a b l e  V .  COMPARISON OF GROSS E F F IC IE N C Y  AND ADJUSTED E F F IC IE N C Y
C O E F F IC IE N T S AS MEASURES OF E F F IC IE N C Y  DURING NON-
RESTRICTED AND RESTRICTED FEEDING PERIODS

P a r t
Gr oup

I .  N o n - r e s t r i c t e d
mean Gr E vs

N o n - r e s t r i c t e d  
. mean a d j  E

Meah
d i f f e r e n c e r

a . . 3 3 1 5 . 3 25 9 . 0 0 5 6 . 5 3
b . .-3264 . 3 2 7 5 . 0 0 1 1 . 3 8
c . . 3382 . 3338 . 0 0 4 4  . . 4 8
d . . 3 2 4 2

I : ' ' . 3365 „0123 . 2 1

P a r t
F e e d i n g  r a t e s : 

2 .  R e s t r i c t e d
a . $-25%,  b .  ? - 1 2 | % ,  

R e s t r i c t e d
c . ad  l i b .  d . 

Mean
~ T ~

G r o u p mean Gr E V S . mean a d j  E d i f f e r e n c e r

a o $-25% . 1 7 0 6 . 3 9 7 9 . 2 2 7 3 * * . 08
b . $ - 1 2 | %  »2584 , . 3 6 3 1 . 1 0 4 7 * * .07
c . ad l i b . . 2 6 8 6 ' . 3 1 6 4 . 0 4 7 8 * . 19
d .

V
**

Y . 2 6 5 8

Cl I 1I

. ;  .-34 3 2' ' . 0 7 7 4 * *  . . 05

** S i g n i f i c a n t  b e y o n d  . 0 1  p r o b a b i l i t y  l e v e l  
* S i g n i f i c a n t ' ' b e y o n d  . 05  p r o b a b i l i t y  l e v e l

A c o m p a r i s o n  o f  t h e s e  m e a s u r e s  d u r i n g  r e s t r i c t e d  f e e d i n g ,  

i n  p a r t  2 o f  T a b l e  V, shows  t h e  mean d i f f e r e n c e s  o f  g r o u p s  a ,  

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

c i e n t s  r a n g e d  f r o m  . 05  t o  . 0 8 .  The mean d i f f e r e n c e  b e t w e e n  

t h e s e  m e a s u r e s  o f  g r o u p  c was s i g n i f i c a n t  and t h e  c o r r e l a t i o n  

c o e f f i c i e n t  was  . 1 9 .  R e l a t i v e l y  s m a l l  a d j u s t m e n t s  we r e  made 

i n  c a l c u l a t i n g  t h e  a d j u s t e d  e f f i c i e n c y  c o e f f i c i e n t s  i n  t h e .  

n o n - r e s t r i c t e d  f e e d i n g  p e r i o d ,  w h i l e  l a r g e  a d j u s t m e n t s  w e r e  

made i n  t h e  r e s t r i c t e d  f e e d i n g  p e r i o d ». The h i g h l y  s i g n i f i c a n t  

mean d i f f e r e n c e s  a n d  t h e  low c o r r e l a t i o n s  i n  t h e  r e s t r i c t e d  

f e e d i n g  p e r i o d  i n d i c a t e d  t h a t  t h e  a d j u s t e d  e f f i c i e n c y  c o e f f i ­

c i e n t s  l o s t  much o f  t h e i r  v a l u e  when e x t r e m e  a d j u s t m e n t s  a r e
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m a d e . T h i s  s u g g e s t s  t h a t  g r o s ^  e f f i c i e n c y  c o e f f i c i e n t s ,  c a l ­

c u l a t e d  d i r e c t l y  f r o m  o b s e r v e d  , m e a s u r e s ,  may be more  s a t i s ­

f a c t o r y  t h a n  a d j u s t e d  e f f i c i e n c y  c o e f f i c i e n t s  a s  m e a s u r e s  o f  

e f f i c i e n c y .

P e e d  R e s t r i c t i o n  a n d  E f f i c i e n c y  . .

The  summary  i n  T a b l e  VI shows  t h a t  f e e d  r e s t r i c t i o n  

a p p e a r e d , t o  a f f e c t  e v e r y  m e a s u r e  t h a t  wets o b s e r v e d . Egg p r o ­

d u c t i o n  i n  g r o u p  a was r e d u c e d  f r o m  3 7 . 2  g r a ms  p e r  d a y  i n  t h e  

n o n - r e s t r i c t e d  f e e d i n g  p e r i o d  t o  1 3 . 8  g r ams  p e r  d a y  i n  t h e  

r e s t r i c t e d  p e r i o d .  T h i s  was  a g r o s s  r e d u c t i o n  o f  63 p e r c e n t .

I t  i s  a l s o  s e e n  t h a t  g r o u p  c , f e d  a d  l i b i t u m  i n  b o t h  p e r i o d s ,  

d e c l i n e d  f r o m  3 9 . 3  g r ams  t o  3 2 . 4  g r a m s  o f  egg  p e r  d a y ,  o r  a 

d e c l i n e  o f  17 p e r c e n t , i n  t h e  same p e r i o d .  T h i s  d e c l i n e  i s  

q u i t e  p o s s i b l y  d u e  t o  a s e a s o n a l  e f f e c t  n o r m a l l y  s e e n  i n  

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

a p p r o a c h e s  t h e  end  o f  t h e  p r o d u c t i o n  c y c l e .  I f  i t  i s  a s s ume d  

t h a t  g r o u p  a a l s o  d e c l i n e d  17 p e r c e n t  b e c a u s e  o f  s e a s o n a l  

e f f e c t ,  t h e  t r u e  r e d u c t i o n  a t t r i b u t a b l e  t o  f e e d  r e s t r i c t i o n  

may be n e a r  46 p e r c e n t .  A s i m i l a r  d e d u c t i o n  made a b o u t  g r o u p  

b ,  r e s t r i c t e d  12^ p e r c e n t ,  w o u ld  r e s u l t  i n  a d e c l i n e  o f  egg  

p r o d u c t i o n  a m o u n t i n g  t o  17 p e r c e n t  b e c a u s e  o f  r e s t r i c t i o n .

G r o u p  d ,  w h i c h  r e c e i v e d  t h e  p r e d i c t e d  f e e d  c o n s u m p t i o n  d u r i n g  

t h e  r e s t r i c t e d  f e e d i n g  p e r i o d ,  u n d e r  t h e  same a s s u m p t i o n s  w o u l d  

h a v e  d e c l i n e d  7 p e r c e n t .
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T a b l e .  V I .  GROUP MEANS AND OVER-ALL MEANS OF ACTUAL AND ADJUSTED 
VALUES OF FOUR GROUPS OF PULLETS DURING 121 DAYS 
NON-RESTRICTED AND 121 DAYS RESTRICTED FEEDING

N o n - r e s t r i c t e d

Gr oup No . Y Y ' a d j  Y Xi x% Gr E P3X
)CS

a . 29 1 1 2 . 5 1 1 1 . 6 1 1 3 . 9 3 7 . 2 1705 . 3 3 1 5 .  325.9
b . 30 1 1 7 . 5 1 1 7 . 5 1 1 3 . 4 3 8 . 2 1814 .  3264 . 32 7 5
c . 28 1 1 6 . 4 1 1 6 . 3 1 1 1 . 1 3 9 . 3 1818 . 3382 . 3 3 3 8
d . 28 1 1 2 . 2 1 1 2 . d 1 1 0 . 2 36 .4 1796 . 3242 . 3365

O v e r -
a l l 115 1 1 4 . 7 1 1 4 . 4 1 1 2 . 2 3 7 . 8 1782 .9 . 3 3 0 0 ' . 3 30 8

R e s t r i c t e d F e e d i n g  r a t e s s
■; ' A

„ a » Y-•25%, b .  Y— 12 %I ,  c . ad l i b i t u m , d .  Y

Group No . Y . Y a d j  Y Xl X? . . Gr E ad i E

a . ' i i ' 7 9 . 4 7 9 , 4 9 3 . 1
-3 r*
1 3 . 8 1599 .  1706 .  3979

b'f . 3 0' 9 6 . 6 9 6 . 6 102 .  I 2 5 . 1  - 1755 . 2 5  84 • ; 36 3 I •

c . 28 1 1 7 . 8 1 1 7 . 5 - 1 1 7 . 3 3 2 . 4  • 1895 . 2 6 8 6 . 3 1 6 4
d . 28 1 0 4 . 9 1 0 4 . 8 10,8 v Q i v 2 8 . 6 1802 . 2 6 5 8 » . 3 4  32

O v e r -
a l l 115 9 9 . 5 9 9 . 3 '■1Q5.0 2 4 : 8 17 61 5 . 2 4 0 6 . 3 5 5 7

T h e s e  r e d u c t i o n s  i n  egg  p r o d u c t i o n  a r e  n o t  d i r e c t l y  com­

p a r a b l e  t o  t h o s e  r e p o r t e d  by Heywang ( 1 9 4 0 )  when  h e , f o u n d  t h a t  

1 2 |  a n d  25 p e r c e n t  f e e d  r e s t r i c t i o n  r e s u l t e d  i n  31 a nd  54 p e r  

c e n t  r e d u c t i o n , b e c a u s e  o f  t h e  d i f f e r e n c e s  i n  t h e  ma nn e r  i n  

w h i c h  t h e s e  t e s t s  we r e  c o n d u c t e d .

Body w e i g h t , a s  a m a j o r  c o m p o n e n t  o f  f e e d  c o n s u m p t i o n ,  

a l s o  a f f e c t s  e f f i c i e n c y  o f  egg p r o d u c t i o n .  N o r m a l l y  h e n s  g a i n
f

s l o w l y  i n  body  w e i g h t  t h r o u g h o u t  t h e  p r o d u c t i o n  c y c l e .  The



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

was  1818 g r a m s , a nd  t h e  a v e r a g e  f i n a l  w e i g h t  was  1895  g r a m s .  

A l l  o f  t h e  o t h e r  g r o u p s  l o s t  w e i g h t  d u r i n g  t h e  r e s t r i c t e d  f e e d  

i n g  p e r i o d ?  t h e  d e c r e a s e  i n  w e i g h t  c o r r e s p o n d i n g  w i t h  t h e  

s e v e r i t y  o f  f e e d  r e s t r i c t i o n .  The  e f f e c t  t h a t  l o s s  o f  body  

w e i g h t  h a d  u p o n  e gg  p r o d u c t i o n  c a n  o n l y  be. c o n j e c t u r e d .  Two 

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

b o d y  w e i g h t  may h a v e  b e e n  u s e d  t o  s u p p o r t  egg  p r o d u c t i o n ,  o r  

i (b)  t h e  r e d u c e d  b o dy  w e i g h t ,  r e q u i r i n g  l e s s  m a i n t e n a n c e ,  may 

h a v e  l e f t  more  n u t r i e n t s  a v a i l a b l e  f o r  egg  p r o d u c t i o n .

When t h e  mean g r o s s  e f f i c i e n c y  c o e f f i c i e n t s  o f  t h e  f o u r  

g r o u p s  o f  p u l l e t s  d u r i n g  t h e  r e s t r i c t e d  and  n d n - r e s t r i c t e d  

f e e d i n g  p e r i o d s . w e r e  c o m p a r e d ,  T a b l e  V I I , i t  was  f o u n d  t h a t  

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

i n g  p e r i o d .  The mean d i f f e r e n c e s  f o r  a l l  g r o u p s  w e r e  h i g h l y  

s i g n i f i c a n t ,  s u g g e s t i n g  t h e  p o s s i b l e  e f f e c t s  o f  a s e a s o n a l  

d e c l i n e .  D u r i n g  t h e  n o n - r e s t r i c t e d  f e e d i n g  p e r i o d  t h e  mean 

e f f i c i e n c i e s  o f  t h e  f o u r  g r o u p s  r a n g e d  f r o m  . 3 2 6 4  t o  . 3382 

w i t h  no s i g n i f i c a n t  d i f f e r e n c e s  among g r o u p s . D u r i n g  t h e
's' -

r e s t r i c t e d  f e e d i n g  p e r i o d  t h e  mean  e f f i c i e n c y  c o e f f i c i e n t s  

r a n g e d  f r o m  . 1 7 0 6  t o  . 2 6 8 6 ,  t h e  r a n k  o f  e f f i c i e n c y  c o r r e s ­

p o n d i n g  t o  t h e  r a t e  o f  f e e d i n g .  H o w e v e r ,  o n l y  t h e  mean of  

g r o u p s  a ,  r e s t r i c t e d  25 p e r c e n t , d i f f e r e d  s i g n i f i c a n t l y  f r o m  

t h e  means  o f  t h e  O t h e r  g r o u p s . T h i s  s u g g e s t s  t h a t  w h i l e  25
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p e r c e n t  r e s t r i c t i o n  o f  f e e d  i n t a k e - s i g n i f i c a n t l y  r e d u c e s
1 '  . ' V

e f f i c i e n c y ,  t h e  h e n s  m a y  be a b l e  t o  a d j u s t  t o  l e s s  s e v e r e  

r e s t r i c t i o n s .  The o b s e r v e d  g r o s s  r e d u c t i o n  i n  e f f i c i e n c y  i n  

g r o u p  a was  29 p e r c e n t s

\ - ' . ■

T a b l e  V I I ;  COMPARISON OF MEAN GROSS EFFICIENCY COEFFICIENTS 
OF FOUR GROUPS OF PULLETS DURING 121 DAYS RE­
STRICTED AND 121 DAYS NON-RESTRICTED FEEDING

Gr oup
R e s t r i c t e d  
mean  Gr E

N o n - r e s t r i c t e d  
v s . mean Gr E

Mean
d i f f e r e n c e r

r ,

a .  Y-25% . 1 7 0 6 * . 3 3 1 5 . 1 6 0 9 * * . 6 3
b,» Y—102% ' . 2 5 8 4 . 3 2 6 4 0680** . 4 3
t i„ ‘ a d  l i b . .2(386 . 3 3 8 2 . 0 6 9 6 ** . 5 2
d .  Y . 2 6 5 8

rv  I

. 3284 . 0 5 8 4 * * . 6 3

** S i g n i f i c a n t  b e y o n d  , 0 1  p r o b a b i l i t y  l e v e l  
. * S i g n i f i c a n t  -beyond . 0 5  p r o b a b i l i t y  l e v e l
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SW -ARY

I n d i v i d u a l  r e c o r d s  o f  f e e d  c o n s u m p t i o n „ e g g  p r o d u c t i o n ,  

e g g  w e i g h t ,  and  b o d y  w e i g h t  w e r e  a c c u m u l a t e d  on  115 C o r n e l l  

R andom bred  S t r a i n  o f  W h i te  L e g h o r n  p u l l e t s .  The r e c o r d s  

c o v e r e d  a t o t a l ,  p r o d u c t i o n  p e r i o d  o f  242 d a y s .  D u r i n g  t h e  

f i r s t  1 2 1 d a y s  o f  t h e  p r o d u c t i o n  p e r i o d ,  t h e  p u l l e t s  w e re  f e d  

ad  l i b i t u m ;  i n  t h e  r e m a i n i n g  p e r i o d ,  t h q  p u l l e t s  w e r e  d i v i d e d  

i n t o  f o u r  g r o u p s  a n d  d i f f e r e n t  r a t e s  o f  f e e d  r e s t r i c t i o n  w e r e  

a p p l i e d  t o  e a c h  g r o u p .

F i f t e e n  m u l t i p l e  r e g r e s s i o n  e q u a t i o n s  f o r  e s t i m a t i n g  f e e d  

c o n s u m p t i o n  w e re  c a l c u l a t e d .  F i v e  e q u a t i o n s ,  u s i n g  d i f f e r e n t  

c o m b i n a t i o n s  o f  v a r i a b l e s ,  w e r e  b a s e d  on d a t a  t a k e n  f ro m  a n  

86 d a y  p r o d u c t i o n  p e r i o d  d u r i n g  n o n - r e s t r & c t e d  f e e d i n g .  F i v e  

e q u a t i o n s  w e r e  c a l c u l a t e d  f r o m  d a t a  t a k e n  d u r i n g  a 121 d a y  

p r o d u c t i o n  p e r i o d  o f  n o n - r e s t r i c t e d  f e e d i n g .  F i v e  e q u a t i o n s  

w e r e  b a s e d  on d a t a  t a k e n  f r o m  a 121 d a y  p r o d u c t i o n  p e r i o d  o f  

r e s t r i c t e d  f e e d i n g .  A n a l y s i s  o f  t h e s e  e q u a t i o n s  i n d i c a t e d  

t h a t  eg g  p r o d u c t i o n  a n d  body  w e i g h t  w e r e  t h e  m a j o r  f a c t o r s  

w h i c h  i n f l u e n c e d  f e e d  c o n s u m p t i o n .

G r o s s  e f f i c i e n c y  c o e f f i c i e n t s  a n d  a d j u s t e d  e f f i c i e n c y  

c o e f f i c i e n t s  w e re  c a l c u l a t e d  fd>r e a c h  p u l l e t  i n  t h i s  s t u d y .

The a d j u s t e d  e f f i c i e n c y  c o e f f i c i e n t s  f o r  e a c h  p u l l e t  w e re  c a l ­

c u l a t e d  by  a d j u s t i n g  t h e  r a t e  o f  egg  p r o d u c t i o n  t o  37 g ra m s  p e r  

d a y  and  t h e  body  w e i g h t  t o  1720  g r a m s .  A c o m p a r i s o n  of  t h e



g r o s s  e f f i c i e n c y  c o e f f i c i e n t s  a n d  t h e  a d j u s t e d  e f f i c i e n c y  

c o e f f i c i e n t s  i n d i c a t e d . t h a t  t h e  g r o s s  e f f i c i e n c y  c o e f f i c i e n t s  

w e r e  t h e  m ore  s a t i s f a c t o r y  m e a s u r e s  o f  e f f i c i e n c y  i n  egg  p r o ­

d u c t i o n .  ' .' ,

F e e d  r e s t r i c t i o n s  w e re  b a s e d  on  t h e  p r e d i c t e d  f e e d  c o n ­

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

s u m p t i o n  25 p e r c e n t  s i g n i f i c a n t l y  r e d u c e d  e f f i c i e n c y  i n  egg  

p r o d u c t i o n .  The o b s e r v e d  r e d u c t i o n  was 29 p e r c e n t .  R e s t r i c t  

i n g  f e e d  c o n s u m p t i o n  12§ p e r c e n t  o r  f e e d i n g  a t  t h e  r a t e  of 

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

c i e n c y  i n  e g g  p r o d u c t i o n .
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^  = - 4 4 5 1 , 4 0  + „9407X;l + 2 .5 0 2 5 X 2 + 7 8 „ 6 9 X 3

T a b l e  I „ G r o u p  a .  IN DIV ID UAL RECORDS OF 2 9  PU L L ET S,  86  DAY
PRODUCTION PERIOD,'  NON-RESTRICTED FEEDING

Hen 
No . Y $ ad . I Y Xl %2 . X^ Gr E ad  .1 E

8 115 111 I 116 3 1 . 9 1842 86 . 2 2 7 4 . 3 1 9 0
16 135 140 ■ 107 4 4 . 5 2401 79 . 3 2 9 6 . 3 4 5 8

.17 1.17 118 111 4 0 . 1 1836 103 . 3 4 2 7 . 3 3 3 3
18 116 115 113 3 % .S 1856 107 .32Q7 .3 2 7 4
2 3 i e s 90 H O 2 3 . 2 1423 74 ' . 2 8 6 4 .3 3 6 4
4 0 I ^ 116 116 3 8 . 8 18.03 99 ,3 2 3 3 . 3 1 9 0
41 111 107 116 3 8 . 3 1483 94 . 3450 .3 1 9 0
45 i l l 112 111 3 8 . 5 1676 106 . 3 4 6 8 ■ . 3 3 3 3
55 12 8 128 112 3 6 . 5 2308 87 .2 8 5 2 .3 3 0 4
5 6 108 108 112 36.% 1528 120 . 3352 . 3304
60 90 113 3 9 . 6 1336 7 3 . 3 1 4 3 .3 2 7 4
62 116 118 3 9 . 5 1795 86 . 3 2 3 8 .3 1 3 6
64 m 108 .120 3 7 . 6 1608 74 .3 2 4 1 .3 0 8 3
67 H O 115 107 4 0 . 4 1721 67 .3 6 7 3 .3 4 5 8
70 :9? 108 103 3 8 . 8 1563 77 .3 9 1 9 . 3 5 9 2
74 1,17 97 122 3 6 . 4 1250 84 .3 1 1 1 . 3 0 3 3
76 105 ■ 104 113 3 4 . 5 1547 81 . 3286 .3 2 7 4
81 106 103 115 3 $ . 6 1465 112 . 3 1 7 0 . 3217
89 ,94 94 114 SA-P 1663' . 60 .2 1 8 7 .3 2 4 6
93 109 112 3 7 - 9 1568 99 . 3468 . 3304
94 97 99 3 3 - 8 1368 87 .3 8 0 9 . 3558
95 103 103 112 3 5 . 0 1401 108 .3 3 9 8 .3 3 0 4
96 119 111 120 3 5 . 6 17 5 8 108 . 2 9 4 1 . 3 0 8 3
97, 102 109 105 3 8 . 7 1611 70 .3 7 9 4 .3 5 2 4

I Q l 112 132 92 3 3 . 7 1850 100 . 3 0 0 9 . 3814
103 110 119 103 4 7 . 6 1635 83 .4 3 2 7 . 3 5 9 2
115 113 . 105 120 3 9 . 5 1432 79 . 3496 . 3083
116 136 104. 144 37 „8 1429 82 . 2 7 7 9 . 2 5 6 9
120 103 99 116 3 4 . 0 1414 80 .3 3 0 1 .3 1 9 0

Means 1 1 0 . 4 1 0 9 . 2 1 1 1 . 1 3 6 . 2 1640 8 8 . 4 . 3283 .3 2 9 8

O y e r - a l l 1 1 2 . 3 1 1 2 . 0 1 1 2 . 0 3 6 . 9 1720 8 6 . 8 . 3 3 2 5 . 3316
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Y = - 4 4 5 1 , 4 0  * .9407X 1  * 2 .5 0 2 5 X 2 •* 7 8 . 69X3

T a b l e :  1 1 . G r o u p  b .  IN D IV ID U A L  RECORDS OF 3 0  PU LLETS,  86 DAY
PRODUCTION P E R I O D , NON-RE STRICT ED FEEDING

Hen
N o , Y f a d j  Y Xl X2 Gr E a d j  E

2 119 122 109 4 5 . 0 1806 80. ,. 3781 . 3394
5 111 118 105 4 0 . 9 1818 .106 . 3 6 8 5 . 3 5 2 4

11 115 118 109 4 0 . 7 1818 77 .3 5  39. . 3 3 9 4
13 113 112 113 3 6 . 2 1762 87 . 3 2 0 4 . 3274
20 103 . 108 107 3.9.2 1513 89 . 3806 . 3458
21 110 106 116 3 6 . 2 1556 78 ,3 2 9 1 .3 1 9 0
24 11% 93 138 1 2 . 2 1845 72 . 1025 „2681
30 l p s 103 117 3 2 . 6 1543 94 . 3018 „3162
35 > 104 104 3 6 . 5 1459 88. . 3802 . 3558
36 107 116 103 4 2 . 1 1694 109 .3 9 3 5 „3592
37 153 130 135 4 2 . 7 2073 65 .2 7 9 0 . 2 7 4 1
42 96 124 4 0 . 0 1307 57 .3 7 4 0 .2 9 8 4
46 1^8 H O 120 3 4 . 7 1747 79 . 2 9 4 1 „3083
54 127 109 4 5 . 8 1939 72 ' . 3 6 9 4 . 3 3 9 4
58 ; * 8 105 105 3 8 . 2 1394 96 . 3898 .3 5 2 4
65 103 102 113 3 2 .  d '1539 95 . 3 1 0 7 . 3274
69 114 116 H O 3 8 . 6 1827 65 . 3 3 3 3 .3 3 6 3
78 12 i 120 113 3 9 . 3 ' 1925 85 .3 2 4 8 „3274
V 9 129 118 123 3 2 . 8 2182 115 . 2 5 4 2  . . 3008
85 129 121 120 4 4 . 0 1.814 120 . 3411 , 3 0 8 3
8 ^ 133 H O 135 3 8 . 4 1599 88 . 2 8 8 7 .2 7 4 1
84 120 124 108 4 p . 2 2032 85 . 3 3 5 0 .3 4 2 6
87 166 111 101 3 7 .0 ' 1695 84 . 3700 . 3663
91 112 112 112 3 2 . 3 1897 111 . 2 8 8 4 „3304
92 105 s 108 109 3 3 . 6 1701 103 . 3 1 4 3 „ 3394

100 119 119 112 4 1 . 1 1850 84 . 3453 .3 3 0 4
106 114 119 107 . 4 0 . 8 1838 85 . 3579 . 3458
113 109 107 114 3 4 . 6 1593 ' 101 . 3 1 7 4 „3245
114 123 125 H O 5 0 . 2 17 66 68 . 4 0 8 1 „ 3363
117 111 111 112 3 5 . 3 1725 101 . 3 1 8 0 „3304

M eans 1 1 4 . 4 1 1 3 . 0 ' 1 1 3 . 7 3 7 . 7 1741 87 e 9 .3 3 0 6 .3 3 0 5

O v e r - a l l 1 1 2 . 3 1 1 2 . 0 1 1 2 . 0 3 6 . 9 1720 8 6 . 8 . 3 3 2 5 . 3316
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T a b l e  I I I *  G r o u p  c . IN D IV ID U A L  RECORDS OF 2 8  P UL L ET S , 8 6  DAY
PRODUCTION P E R I O D ,  NON-RESTRICTED FEEDING

$  = - 4 4 5 1 . 4 0  + . 9407%i + 2 .5 0 2 5 X 2  + 7 8 . 69X3

Hen 
N o . Y $'■ a d j  Y Xi X2 X3 Gr E a d j  E

I 135 126 121 4 1 . 1 2067 80 .3 0 4 4 . 3062
3 120 120 112 4 2 . 5 1833 81 . 3542 . 3304
4 H O 114 108 3 5 . 6 1819 71 . 3236 .3 4 2 6
6 106 H O 108 4 0 . 4 1543 86 .3 8 1 1 .3 4 2 6

10 110 112 I lO 37 „8 1723 83 .3 4 3 6 . 3364
14 12 3 126 109 4 0 . 6 2061 80 . 3301 . 3394
22 95 92 115 3 0 . 0 1346 75 .3 1 5 8 . 3217
25 107 116 103 3 7 . 0 1844 71 .3 4 5 8  ' . 3 5 9 2
27 128 123 117 4 5 . 8 1813 79 .3 5 7 8 . 3162
29 H O 109 113 28.7: . 1931 100 .2 6 0 9 . 3274
s i 115 116 111 4 6 . 3 1587 83 . 4 0 2 6 . 3333
32 128 116 124 4 2 . 6 1706 88 . 3281 .2 9 8 4
38 116 116 112 4 1 . 6 . 1753 76 .3 5 3 4 .3 3 0 4
43 117. H O 119 3 6 . 1 1685 79 . 3 0 8 5  , . 3 1 0 9
4,a 128 117 123 3 9 . 0 1855 99 . 3047 . 3008
49 111 115 108 4 1 . 4 1695 69 . 3730 .3 4 2 6
51 94 96 H O 3 4 . 9 1376 66 . 3713 .3 3 6 4
59 12 3 137 98 4 3 . 8 2168 58 . 3 5 6 1 .3 7 7 5
61 . HO 111 111 4 0 . 7 1585 83 . 3700 .3 3 3 3
63 ,12 6 124 114 4 8 . 1 1778 75 . 3817 .3 2 4 5
86 106 114 104 3 4 . 2 1930 111 .3 2 2 6 . 3558
88 102 110 104 4 0 . 0 1524 99 . 3922 .3 5 5 8
90 HO 114 108 36 .7 1808 H O . 3336 . 3426
9'8 103 108 107 3 1 .9 1741 HO, . 3097 . 3458

111 121 117 116 4 1 . 0 1787 10.8 .3 3 8 8 . 3 1 9 0
112 108 111 109 3 5 . 6 1716 9.5 . .3 2 9 6 . 3394
118 120 111 121 3 8 . 9 1598 99 . 3242 . 3062
119 130 12 2 120 3 5 . 3 2026 63 .2 7 1 5 . 3083

Means 1 1 4 . 4 1 1 4 . 7 1 1 1 . 6 3 8 . 8 17 61 , 8 4 . 8 ,3389 .3 3 1 5

O v e r - a 11 1 1 2 . 3 1 1 2 . 0 1 1 2 . 0 3 9 . 6 1720 8 6 . 8 .3 3 2 5 . 3 3 1 6
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T a b l e  I V .  G ro u p  d .  INDIVIDUAL RECORDS OP 28 PULLETS, 86 DAY
PRODUCTION PERIOD, NON-RESTRICTED FEEDING

/I
Y s  - 4 4 5 1 . 4 0  + . 9407  X1 + 2 .5 0 2 5 X o -3- 7 8 .6 9 %

Hen
No. Y . 3 a d j  Y

7 113 113 112
9 112 117 107

12 117 107 122
15 114 119 107
19 i i a 114 H O
26 108 113 107
38 108 107 113
33 111 111 112
34 105 112 105
44 120 120 112
47 121 120 113
56 9 & 100 108
52 107 112 107

. 5 3 95 98 109
57 112 118 106
66 96 94 114
71 119 116 115
72 IO^ 95 125
7 3 125 131 106
77 ;6.6 71 107
80 84 95 101
85 131 128 115

104 125 115 122
105 116 112 116
107 99 109 102
108 128 124 116
109 111 118 105
H O 123 125 H O

Means 1 1 0 . 0 1 1 1 . 2 1 1 0 . 8

O v e r - a 11 1 1 2 . 3 1 1 2 . 0 1 1 2 . 0

X1 x . x? Gr E a d j  E

4 2 . 8 1622 66 . 3788 .3 3 0 4
4 0 . 8 1779 85 . . 3 6 4 3 ,3 4 5 7
3 7 . 7 1571 76 .3 2 2 2 .3 0 3 3
4 4 . 0 1728 90 . 3860 .3 4 5 7
4 2 . 5 1604 84 .3 7 9 4 . 3364
4 1 . 0 1600 111 .3 7 9 6 .3 4 5 7
3 4 : 6 1603 ’ 85 .3 2 0 4 . 3274
4 2 . 0 1516 94 .3 7 8 4 .3 3 0 4
4 1 . 2 1631 66 . 3924 . 3524
4 4 . 5 1759 79 . 3708 . 3304
4 1 . 4 1863 87 .3 4 2 1  ' . 3 2 7 4
3 6 . 1 1370 79 .3 7 6 0 . 3426
3 0 . 3 2016 115 .2 8 3 2 . 3457
23.6 ' 1626 81 . 2 6 9 5 . 3 3 9 4
3 8 . 0 1904 97 . 3393 . 3490

, 3 6 . 1 1266 69 .3 7 6 0 . 3 2 4 6
3 8 . 3 1832 84 . 3 2 1 8 .3 2 1 7
1 6 . 8 17 88 89 .1 5 5 5 .2 9 6 0
4 0 . 4 2271 87 .3 2 3 2 . 3490
1 3 . 8 1207 69 .2 0 9 0 .3 4 5 7
3 4 . 6 1257 81 .4 1 1 9 .3 6 6 3
4 0 . 7 2162 85 .3 1 0 7 .3 2 1 7
3 4 . 7 1882 82 • .2 7 7 6 . 3033
37 .7 1712 74 . 3250 .3 1 9 0
3 5 . 5 1668 84 .3 5 8 6 . 3627.
3 5 . 4 2260 100 .2 7 6 6 .3 1 9 0
3 4 . 5 2016 • 86 . 3108 . 3524
4 5 . 2 1894 83 .3 6 7 5 .3 3 6 4

3 6 . 6 1729 8 4 . 5 . 3323 . 3 3 4 6

3 6 .9 1720 8 6 . 8 .3 3 2 5 . 3316



—4 1

T a b l e ' V .  G r o i i p  a „ IN D IV ID U A L  RECORDS OF 2 9  P U LLETS,  1 2 1  DAY
PRODUCTION P E R IO D ,  NON-RESTRICTED FEEDING

Y "  3 8 . 9816  + . 92T6Xi + . 0229X2

Hen 
"No. ■ Y r ^ a d j  Y " X1 %2 Gr E ad.I E

8 115 HO 118 3 0 . 4 1904 . . 2 6 4 3 .3 1 3 6
16 135 136 112 4 5 . 6 2404 .3 3 7 7 .3 3 0 4
17 121 121 113 4 2 . 1 1887 .3 4 7 9 .3 2 7 4
1$ 118 120 111 3 9 . 0 19 6 8 .3 3 0 5 . 3333
23 I 92 99 106 2 8 . 0 1521 . 3043 .3 4 9 1
40 124 120 117 4 0 . 1 1934 .3 2 3 3 .3 1 6 2
41 114 110 117 3 9 . 0 152 3 .3 4 2 1 . 3162
45 116 117 112 4 0 . 0 1826 .3 4 4 8 .3 3 0 4
5'5 ±21 118 116 2 9 . 0 2306 .2 3 9 6 .3 1 9 0
5 6 113 112 114 3 9 . 1 1605 .3 4 6 0 . 3246
60 ; 88 99 103 2 9 . 1 1405 . 3306 .3 5 9 2
62 124 120 117 4 1 . 1  " 1886 .3 3 1 4 .3 1 6 2
64 i i s 113 118 3 9 . 4 " 1655 .3 3 3 8 .3 1 3 6
67 113 • 111 115 4 2 . 0 1792 .3 7 1 6 .3 2 1 7
70 IOl 113 . 101 3 9 . i : ■ 1663 .3 8 7 1 .3 6 6 3
74 115 105 123 3 8 . 1 13:56 .3 3 1 3 . 3008
76 10'9' HO 112 3 7 . 0 : .1 6 0 5 .3 3 9 4 .3 3 0 4
81 HO 105 118 3 4 . 1 . 1334 • . 3 1 0 0 . 3136
89 HO 106 117 2 9 . 5 17 67 .2 6 8 1 .3 1 6 2
93 113 114 112 4 0 . 1 1673 .3 5 4 8 .3 3 0 4
94 J89 Sb 106 3 3 . 0 1428 .3 7 0 7 . 3491
95 . i d s i o 6 1X5 3 6 . 3 1492 .3 3 6 1  . . 3217
96 122 116 119 3 6 . 0 1910 .2 9 5 0 .3 109
97 1Q.6 113 106 4 0 . 0 1649 . 3773 .3 4 9 1

101 H S 113 113 3 5 . 1 . 1843 .3 1 0 6 , 3 2 7 4
103 i i o 119 104 4 8 . 0 1588 .4 3 6 3 .3 5 5 8
115 . 114 HO 117 4 1 . 0 1460 .3 5 9 6 .3 162
116 129 107 135 3 9 . 0 1420 i 3023 .2 7 4 1
120 101 98 116 2 9 . 0 1430 .2 8 7 1 .3 1 9 0

Mean? 1 1 2 . 5 1 1 1 . 6 1 1 3 .9 37 . 2 1704 .3 3 1 5 .3 2 5 9

O y e r - a l l  1 1 4 . 7 1 1 4 . 4 1 1 2 . 2 3 7 . 8 1728 .3 3 0 0 .3 3 0 8



-» 4 2 -

T a b l e  V I .  G r o u p  b ,  IN D IV ID U A L  RECORDS OF 30 P U LLETS,  1 2 1  D A Y

PRODUCTION P E R IO D ,  NON-RESTRICTED FEEDING

Y * 35 „ 1 5 5 1 + <, 3 1 6 4 X 1 + .SOSTXg

Hen
No „ Y Y a d j  Y X1 ' X0 Gr E a d j  E

2 125 125 . 113 4 4 . 6 1963 . 3568 . 3274
5 113 119, 107 4 4 . 1 1807 . 3903 .3 4 5 8

11 117 119 111 41.0, 1828 . . 3 5 0 4 . 3333
13 120 115 118 3 6 . 5 1766 . . 3 0 4 2 . 3136 .
20 106 109 H O 4 0 . 5 1570 . 3821 . 3 3 6 4
2 1 107 H O H O 3 2 . 2 1663 . 3009 .3 3 6 4
24 123 115 121 1 3 . 5 1947 . 1097 .3 0 5 7
30 l i d 107 116 3 3 . 1 1592 .3 0 0 9 . 3190
35 ' 9'6 105 104 3 6 . 1 1510 . 3760 .3 5 5 8
36. i d s 116 105 4 1 . 0 1754 . 3 7 9 6 . 3 5 2 4
37 149 132 130 4 3 . 0 2148 .2 8 8 6 .2 8 4 6
42 i l l 107 117 4 0 . 4 1523 .3 6 4 0 ■ . 3 1 6 2
46 121 115 119 3 7 . 5 1760 . 3099 . 3109
54 127 120 120 3 7 . 1 1890 . . 2 9  2,1 .3 0 8 3
58 102 105 H O 3 9 . 1 1496 1 .3 8 3 3 .3 3 6 4
65 109 108 114 3 4 . 5 1590 . 3 1 4 7 . 3246
69 122 123 112 ’ 3 9 . 0 1946 .3 1 9 7 .3 3 0 4
78 121 126 . 108 3 8 . 2 2039 .3 1 5 7 ■ . 3 4 2 6
7 V 132 136 109 3 5 . 2 2 312 . 3667 . 3394
82 133 119 127 4 3 . 1 1808 i 3241 .2.913
83 130 116 127 3 9 . 5 1758 . 3038 . 2 9 1 3
84 12 3 135 101 4 2 . 0 2226 .3 4 1 5 . 3 6 6 3
87 103 116 H O . 3 6 . 5 1790 . 3544 .3 3 6 4
91 114 119 108 . 3 3 . 5 1895 . 2 9 3 8 . 3 4 2 6
92 107 116 104 3 6 . 0 1792 .3 3 6 4 .3 5 5 8

100 122 120 ' 115 4 1 . 2 1868 . 3377 .3 2 1 7
106- 117 12.3 107 . 4 1 . 4 1938 . 3538 .3 4 5 8
113 114 110 117 3 6 . 5 1642 . 3202 .3 1 6 2
114 129 122 120 . 5 1 . 5 1826 . 399 2 . 3083
117 115 116 112 3 7 . 0 1775 .3 2 1 7 .3 3 0 4

Means 1 1 7 . 5 1 1 7 . 5 1 1 3 . 4 3 8 . 2 1814 .3 2 6 4 . 3275

O v e r - a l l 1 1 4 . 7 1 1 4 . 4 1 1 2 .2 3 7 . 8 1782 .3300. .3 3 0 8



If s  2 1 . 7 6 4 7  + 1 . 0 8 9 7 X i  + „0285X2

T a b l e  V I I .  G r o u p  c .  IN D IV ID U A L  RECORDS OF 2 8  P U L L E T S „ 1 2 1  DAY
PRODUCTION P E R I O D „ NON-RESTRICTED FEEDING

Hen
No. Y $ a d j  Y X I. x . Gr E a d j  E

I 137 129 119 4 4 . 3 2076 . 3234 .3 1 0 9
3 122 123 H O 4 2 . 7 1924 . 3500 .3 3 6 4

.4 110 111 H O 3 5 . 1 1807 . 3 1 9 1 . 3 3 6 4
;6 108 114 105 4 3 . 5 1590 . 4 0 2 8 . 3524

16 1X4 115 H O 3 7 . 0 184 3 .3 2 4 6  ' . 3 3 6 4
14 123 127 107 4 2 . 0 2088 . 3415 . 3458
22 103 98 116 3 3 . 1 , 1420 . 3213 .3 1 9 0
25 109 117 103 3 8 . 0 ; 1890 . 3 4 8 6 .3 5 9 2
27 124 122 113 4 4 . ^ - 1808 . 3 5 8 1 .3 2 7 4
29 114 113 112 3 3 . 1 .195 3 . 2 9 0 3 . 3 3 0 4
31 116 120 107 4 6 . 0 1700 . 3965 .3 4 5 8
32 130 118 123. 4 i . o 1827 . 3154 .3 0 0 8
38 116 118 109 4 1 . 1 ■ 1798 .3 5 4 3 .3 3 9 4
43 118 112 117 3 7 . 2 . 1747 .3 1 5 2 . 3 1 6 2
48 132 122 121 4 2 . 1  ■ > 1912 .3 1 8 9 .3 0 5 7
49 . 115 115 111 4 0 . f  - 1754 . 3487 .3 3 3 3
51 : 97 101 107 3 6 . 0 1418 .3 7 1 1 .3 6 2 7
59 135 . 134 102 4 3 . 1 2275 .3 4 4 8 . 3426
61 Io  9 112 108 4.1.4 1569 . 3798 .3 3 3 3
63 126 126 111 4%.Q 1861 .3 7 3 0 . 3627
86 108 117 102 3 4 . 5 2034 . 3 1 9 4 .3 4 5 8
8 8 106 H O 107 4 0 . 2 1550 . 3 7 9 2 . 3 2 7 4
90 112 H O 113 3 3 . 3 1806 . 2 9 7 3 .3 4 5 8
98 105 109 107 3 2 . 0 1842 ,30 4 8 .3 2 1 7

i l l  , 124 120 115 4 3 . 1 1803 . 3476 .3 3 9 4
112 111 ' 113 109 3 7 . 1 1798 . 3 3 4 2 . 3 1 3 6
118 120 113 118 4 0 . 1 1673 . 3342 .3 1 0 9
119 126 118 119 3 2 . 8 2144 . 2 5 6 3  . . 3 1 0 9

Means 1 1 6 . 4 1 1 6 . 3 i n .  i 3 9 . 3 1818 . 3 3 8 2 .3 3 3 8

O v e r - a  11 1 1 4 . 7 1 1 4 . 4 1 1 2 . 2 3 7 . 8 1782 . 3  300 .3 3 0 8



- 4 4  -

T a b l e  V I I - I , G r o u p  d „ IN D IV ID U A L  RECORDS OF 2 8  PU LLETS,  1 2 1  D A T
PRODUCTION PE R IO D ,  NON-RESTRICTED FEEDING

Y -  2 5 . 3619 + ,7 7 8 2 X 1 + .0 3 2 5 X 2

Hen 
No . Y $ ' a,dj  Y Xi Xe Gr E a d j  B

7 109 111 108 3 2 . 2 1872 .2 9 5 4 .3 4 2 6
9 115 118 107 3 8 . 2 1934 . 3322 .3 4 5 8

12 119 111 118 3 9 . 2 1696 . 3294 „3136
1-5 117 119 108 4 5 . 0 1 8 0 0 .3 8 4 6 . 3 42 6
19 114 109 115 4 3 . 0 1544 .3 7 7 2  - .3 2 1 7
26 H O 109 111 4 2 . 1 15 61 .3 8 2 7 .3 3 3 3
28 112 106 116 3 6 . 4 1618 .3 2 5 0  ' . 3 1 9 0
33 113 109 • 114 4 2 . 0 1577 .3 7 1 7 „3246
34 107 H O 107 3 8 . 0 1688 .3 5 5 1 „3458
44 124 . 123 H l 4 5 . 1 1936 .3 6 3 7 .3 3 3 3
47 123 122 111 4 2 . 0  ' 1981 „3415 . 3 3 3 3

■50 i o i 102 109 3 8 . 3 1436 . 3 7 9 2 . 3 3 9 4
5,2 107 114 103 1 3:0.2 2017 .2 8 2 2 „3592
53 104 102 112 3 0 . 2 1650 .2 9 0 4  ■ .3 3 0 4
57 116 120 106 4 0 . 1 1950 „3457 . 3 4 9 1
<6 96 96 H O 3 4 . 3 . 1339 . 3 5 7 2  . . 3 3 6 4
7.1 • 120 119 111 3 0 . 1 2158 „2508 . 3 3 3 3
12 114 103 121 1 6 : 0 . 1994 „ 1404 .3 0 5 7

' 7 3 12V 133 104 4 3 . 1 2266 .3 3 9 4 „3558
77 '7  2- 80 102 1 6 . 2 1292 .2 2 5 0 .3 627
80 90 98 102 3 7 . 1 1354 . 4 1 2 2 „3627
85 128 124 114 3 5 . 0 2206 „2734 „3246

104 125 113 122 3 6 . 0 1830 „2880 .3 0 3 3
105 H S 113 115 39 „ I 1764 „3313 „3217
107. 97 98 109 3 4 . 5 1398 . , 3 5 5 7 „3394
108 130 130 HO 3-6.1 2370 „2777 . 3 3 6 4
109 109 118 101 3 2 . 1 2070 „2945 „ 3663
H O  . 125 126 109 4 7 . 1 1979 „ 3768 „3394

Means 1 1 2 . 2 1 1 2 . 0 1 1 0 . 2 3 6 . 4 1795 . 3 2 4 2 .3 3 6 5

O y e r - a 11 1 1 4 . 7 1 1 4 . 4 1 1 2 .2 3 7 . 8 1782 . 3 3 0 0 „3308



4 5

T a b l e  I X .  . G r o u p  a .  IN D IV ID UAL RECORDS OF 2 9  PUL LETS,  1 2 1
DAY PRODUCTION PERIOD,  RESTRICTED 25%

Y S 34 .5 1 4 2 1 + . 4 4 6 5 X 1 + . 0242X 2
Hen
No. Y Y ad.i Y Xi -X0 Wto ' ad j  E

8 82 81 94 9 . 0 17 37 .1 0 9 7 .3 9 3 6
16 104 104 93 2 5 . 6 2389 . 2 4 6 2 .3 9 7 8
17. 99 87 94 2 7 . 8 1653 .3 1 5 9 .3 9 3 6
t s 85 84 94 1 9 . 7 1696 . 2 3 1 8 .393,6
23 n 73 87 , 4 . 9 1480 .0 7 3 1 . 4 2 5 3
40 86 : 84 95 2 2 . 8 1616 .2 6 5 1 . 3 8 9 5
44 79. 76 . 96 1302 .2 7 4 6 .3 8 5 4
45 83 84 92 ' 8 . 9 1894 . 1060 .4 0 2 2
55 89 91 91 0 . 0 2328 .0 0 0 0 .4 0 6 5
5 S 80 77 96 1 2 . 2 1530 . 1525 .3 8 5 4
60 64 66 . 91 " 2 . 1  : 1247 .0 3 2 8 .4 0 6 5
62 85 86 93 14’ i 2 1854 . 1651 .3 9 7 8
64 86 78 95 1 1 . 8 157b .1 4 7 5 .3 8 9 5
67 ' 85 :86 94 2 4 . 9  ■ 1680 .2 9 2 9 . 3936
7d 80 84 89 2 4 . 2 1593 .3 0 2 5 .4 1 5 7
74 72 71 94 1 3 . 6 1244 . 1 8 8 8 . 3936
76 77 80 90 1 9 . 6 1514 .2 5 4 5 .4 1 1 1
SI 76 76 93 1 0 . 3 1515 . 1355 .2 9 7 8
8# 7ti 71 92 . 3 . 1 14 37 . 0442 .4 0 2 2
93 81 82 92 , 8 . 3 1817 . 1024 .4 0 2 2
94 7? 77 88. i s . b 1480 .2 0 8 3 .4 2 0 5
95 7.6 75 94 . 5 . 0 1589 .0 6 5 7 . 3936
96 82 81 94 1 7 . 0 1617 .2 0 7 3 .3 9 3 6
97 81 85 90 2 2 . 1 1670 .2 7 2 8 .4 1 1 1

101 92 86 99 1 4 . 8 1857 . 1608 .3 7 3 7
103 6Q 64. 89 1 4 . 9 932 . 2 4 8 3 .4 1 5 7
115 78 7.3 98 1 3 . 8 1314 .1 7 6 9 .3 7 7 5
116 •77 76 94 1 2 . 8 1468 . 1 6 6 2 . 3 9 3 6
120 71 67 98 0 . 0 1355 . 0 0 0 0 .3 7 7 5

Means 7 9 . 4 7 9 . 4 9 3 . I COCOH

1599 . 1706 .3 9 7 9

O v e r - a l l 9 9 . 5 9 9 . 3 1 0 5 . 0 2 4 . 8 1761 . 2 4 0 6 .3 5 5 7



—4 6 ~

$  B 2 3 . 6 0 4 8  + , 5 7 5 4 X 1 . + . 0 3 3 3 X 2

T a b l e  X„ . G r o u p  b .  IN D IV ID U A L  RECORDS OF 3 0  PUL LETS,  1 2 1
DAY PRODUCTION P ERIOD, RESTRICTED 1 2 | %

Hen
No . Y a d j  Y Xl •x. Gr E a d j  E

2 106 105 103 4 1 . 5 1730 . 3915 . 3592
5 102 102 102 4 1 . 2 1654 ' . 4 0 3 9 ,3 6 2 7

11 - 99 96 105 2 0 . 8 1800 .2 1 0 1 „3524
i s 97 94 105 1 3 . 7 1882 . 1 4 1 2 . 3524
20 i 94 93 103 ■ 3.4.7 1479 . 3691 .3 5 9 2
21 92 94 100 2 7 . 3 1631 ■ . 2 96 7 . 3700
24 $0 89 9 3 1 6 . 8 1680 .2 1 0 0 .3 9 7 8
30 89 87 104 2 6 . 9 . 1440 .3 0 2 2 .3 5 5 8
35 88 90 100 2 7 . 5 1522 . 3125 .3 7 0 0
3% 101 102 101 3 8 . 0 16 88 . 3762 . 3663
37 1.13 107 108 3 3 . 0  ' 1937 : . 2 9 2 0 .3 4 2 6
42 83 84 101 3 2 . 9  ' 1248 . 3963 .3 6  63
46 95 95 102 2 7 . 2 1671 .2 8 6 3 .3 6 2 7
54 108 106 104 1 5 . 0 2208 . 1398 . 3 5 5 8
58 9 2 ‘ 9'5 99 3 6 . 4  " 1511 .3 9 5 6 .3 7  37
65 88 85 105 1 4 . 6  ■: 1592 .1 6 5 9 .3 5 2 4
09 I O l 99 104 1 0 . 5 2072 .1 0 3 9 .3 5 5 8
78 .9 7 98 101 1 0 . 6 2047 .1 0 9 2 .3 6 6 3
79 102 107 . 97 2 3 . 9 2100 .2 3 4 3 .3 8 1 4
82 105 93 114 1 4 . 6 1820 . . 1 3 9 0 .3 2 4 6
83 .95 97 100 3 1 . 9 1670 . 3 3 4 7 .3 7 0 0
84 106 108 100 2 . 5 2495 „0235 .3 7 0 0
87 96 99 99 2 7 . 1 .1805 „ 2822 . 3737
91 79 84 97 3 . 1 1760 .0 3 9 2 „3814
92 94 99 97 3 1 . 6 1709 . 3361 .3 8 1 4

100 103 99 106 3 7 . 2 1633 „ 3611 .3 4 9 1
106. 103 105 100 3 0 . 5 1924 .2 9 6 1 . 3700
113 93 89 106 2 5 . 7 1521 .2 7 6 3 .3 4 9 1
114 108 108 102 4 6 . 2 1676 .4 2 7 7 „3627
117 89 88 - 103 9 . 0 1762 . 1011 „ 3592

Means 9 6 . 6 9 6 . 6 1 0 2 . 0 2 5 . 0 1755 .2 5 8 4 . 3631

O v e r ~ a 11 9 9 . 5 9 9 , 3 1 0 5 . 0 2 4 . 8 1761 .2 4 0 6 .3 5 5 7



- 4 7 -

T a b l e  X I .  G r o u p  c  o IN D IV ID U A L  RECORDS OF 2 8  P U L L E T S „ 1 2 1  DAY
PRODUCTION P E R I O D , AD LIBITUM FEEDING

■■
Y = 3 8 . 1 6 6 4  + . 8442X% + . 0 2 7 6 X g

Hteh
No. Y , f a d j  Y .....Xi.. J X^ Gr E a d j  E

I 134 128 123 3 5 . 3 217 3 .2 6 3 4 . 3008
3 125 124 118, 3 3 . 4 2100 .2 6 7 2 „3136

.4 112 115 114 2 4 . 5 2042 .2 1 8 7 .3 2 4 6
6 125. 12 3 119 4 4 . 0 1725. . 3 5 2 0 .3 1 0 9

IO 117 122 113 3 9 . 0 184,3 .3 3 3 3 . 3 2 7 4
14 1'32 135 114 3 9 . 8 2290 .3 0 1 5 .3 2 4 6
22 117 106 126 3 4 . 5 1416 .2 9 4 8 .2 9 2 6
25 109' 112 114 3 8 . 3 1869 . - .3 5 1 3 .3 2 4 6
27 128 124 ; 121 3 7 .5 1975 . 2 9 2 9 „ 3058
29 13 3 136 114 4 9 . 8 2022 . 3744 . 3 2 4 6
31 123 ,130 H O 4 8 . 8 1 8 2 0 . , . 3967 . 3364
S 2 131 120 128 3 2 . 1 1997 .2 4 5 0 . 2 8 9 1
38 108 116 109 2 8 . 1 1970 . 2 6 0 1  ■ „3394
4 3 ,9 3 90 120 8 . ? 1602 .0 9 3 5 .3 0 8 3
4* 136 129 124 4 5 . 1 1910 . . 3 3 1 6 .2 9 8 3
49) IR? 124 120 4 2 . 0 1824 . 3  307 . 3083
51 92 102 107 2 7 . 7 1474 .3 0 1 0 „3458
.59 103 105 115 „ 7 .5 2175 „0728 .3 2 1 7
61 108 115 H O 3 6 . 5 1650 .3 3 7 9 „ 3364
63 123 124 116 3 7 . 3 1955 „3032 „3190
8 !6 H O ' 115 112- 2 0 . 8 2137 „ 1890 „3304
88 101 105 113 2 3 . 4 1705 . 2 3 1 6 „3274
90 113 103 127 9 .7 2050 „0858 „2913
98 97 106 108 2 3 . 1 1736 „2381 .3 4 2 6 ;  ■

n i 136 131 122 4 6 . 5 1924 .3 4 1 9 „3033
112 117 126 108 3 9 . 5 1957 „3376 .3 4 2 6
118 145 127 135 4 9 . 8 1686 . 3 4 3 4 „2741
119 105 97 125 3 . 4 2040 .0 3 2 3 .2 9 6 0

Means 1 1 7 .8 . 1 1 7 . 5 '  • 1 1 7 . 3 3 2 . 3 1895 „2686 . 3165

O v e r - a 11 9 9 . 5 9 9 . 3 1 0 5 . 0

OOCXJ 17 61 „2406 . 3 5 5 7



- 4 8 -

T a b l e  X I I .  G r o u p  d .  IN D IV ID U A L  RECORDS OF 2 8  PUL LETS,  1 2 1
DAY PRODUCTION PE R IO D ,  100% OF f
A
Y s= 2 3 . 3975 + .7 1 5 4 X 1 + .0338X 2

Hen 
No o Y a d . I Y . X1 X5 Gr E ad j  E

7 87 88 107 ■ 0 . 5 1892 .0 0 5 7 . 3458
9 115 115 108 3 1 . 4 2029 .2 7 3 0 . 3426

12 106 106 108 3 7 . 0 1657 .3 4 9 0 .3 4 2 6
15 115. 116 . 107 4 1 . 6 1857 . 3 6 1 7 . 3458
19 . 97, 105 100 , 3 3 . 9 1693 .3 4 9 4 .3 7 0 0
26 112 107 113 4 2 . 7 1575 .3 8 1 2 .3 2 7 4
38 106 103 111 3 5 . 2 1594 .3 3 2 0 .3 3 3 3
33 H O 106 112 4 3 . 5 1532 .3 9 5 4 .3 3 0 4
W 107 93 122 1 1 . 7 1802 . 1 0 9 3 . 3033
44 119 118 109 3 9 . 8 19 60 . 3344 ' . 3 3 9 4
47 119 114 113 3 4 . 8 1940 .2 9 2 4 .3 2 7 4
59 ‘ ,09 99 108 3 9 . 9 1377 .4 0 3 0 . 3426
52 108 114 102 2 5 . 3 2132 .2 3 4 2 . 3627
53 •9j 100 105 3 2 . 1 1595 I. 3 309 . 3524
57 113 H O H l 2 7 . 9 197 3 .2 4 6 9 . 3333
66 . J 79 83 104 2 5 . 4 1224 . 3215 .3 5 5 8
71 H 3 ,  . 109 112 2 7 . 7 1947 . 2 4 5 1 . 3304
72 .7 1 68 H l . 0 . 5 1316 .0 0 7 0 .3 3 3 3
73 130 133 , 105 4 8 . 0 2231 . 3692 .3 5 2 4
77 7b 77 101 1 5 . 9 1247 .2 2 7 1 .3 6 6 3
8@ '94 96 106 3 6 . 9 1373 .3 9 2 5 .3 4 9 1
85 127 120 115 3 0 . 5 2194 .2 4 0 1  . . 3217

104 113 . 112 ' 109 - 3 2 . 4 1935 .2 8 6 7 . 3 3 9 4
105 . 93 92 109 6 . 9 1868 . 0 7 4 1 .3 3 9 4
107. 96 98 106 1 8 . 0 1830 . 1875 . 3 4 9 1
108 123 127 104 2 5 . 5 2506 .20 7 3 .3 5 5 8
109 i bo 109 99 1 4 . 9 2206 . 1490 .3 8 1 4
I lQ 119 117 H O 4 0 . 2 1908 . 3 3 7 3 . 3  364

M eans 1 0 4 . 9 1 0 4 . 8 1 0 8 . 0 2 8 . 5 1802 .2 6 5 8 .3 4 3 2

O v e r - a  11 9 9 . 5 9 9 . 3 1 0 5 . 0 2 4 . 8 1761 .2 4 0 6 .3 5 5 7



- 4 9 -

T a b l e  X I I I 0 COMPOSITION OF LAYING RATION

I n g r e d i e n t i s P e r  c e n t

G ro u n d  b a r  l e y 7 6
32% p r o t e i n  s u p p l e m e n t * 20
L i m e s t o n e  f l o u r . * * • 4 .

* .  A c o m m e r c i a l  p r o t e i n  c o n c e n t r a t e  b a l a n c e d  t o  m e e t  o p t i m a l  
v i t a m i n  and  m i n e r a l  r e q u i r e m e n t s  f o r  e g g  p r o d u c t i o n .

**  L i m e s t o n e  f  l o u r  b r o u g h t  t o t a l  c a l c i u m  t o  2 |% .  No a d d i t i o n a l  
c a l c i u m  w as  f e d .  ' |Z

' ' • ; -M 1. i
' ' I

I — I
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