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ABSTRACT

R e c o r d s  c o v e r i n g  a 20 year pe r i o d  ( 1 9 6 4- 19 83 ) on 

Sahiwal cows at the Nati on al S a hi wa l Stud, N a i v a s h a  

w e re u s ed to e s t i m a t e  p h e n o t y p i c ,  g e n e t i c  and

e n v i r o n m e n t a l  tr en ds of 305- day m i lk yield, c a l v i n g  

interval, b i r t h  w e i g h t  and ag e  at 55 kg l i v e w e i g h t  

(AGE55) by b e st linear u n b i a s e d  p r e d i c t i o n  (BLUP) 

p r o c e d u r e s  wh i l e  g e n e t i c  p a r a m e t e r s  w e re e s t i m a t e d  by 

the m a x i m u m  l i k e l i h o o d  pr o c e d u r e .  All the traits 

s t u d i e d  were r e g a r d e d  as the traits of the dam. The 

nu m b e r  of r e c o r d s  a n a l y s e d  w e re 4837, 4272, 4 8 3 7  and

3 5 44 for milk yield, c a l v i n g  interval, b i r t h  w e i g h t  and 

age at 55 kg liveweight, r e s p e c t i v e l y .

The m e a n s  of 3 0 5 - d a y  milk yield, c a l v i n g  interval, 

b i r t h  w e i g h t  and AG E 5 5  w e re 16 6 2 + 8 . 3  kg, 426.2+_1.5 d,

2 2 . 7  + 0 . 04 kg and 9 7 . 8 +T). 7 d, r e s p e c t i v e l y .  Year of 

c a l v i n g  or b i r t h  a f f e c t e d  all the four traits studied. 

S e a s o n  of b i r t h  a f f e c t e d  AG E 5 5  only. P a r i t y  a f f e c t e d  

a l 1 the tr a i t s  e x c e p t  c a l v i n g  interval w h i l e  sex of 

calf a f f e c t e d  bi r t h  weight, c a l v i n g  interval an d  AGE55. 

The r e s p e c t i v e  r e p e a t a b i l i t y  and h e r i t a b i l i t y  e s t i m a t e s  

w e re 0. 46 + 0. 02 and 0.27+_0.06 for m i lk yield; 0 . 3 9  + 0 . 20 

and 0.15j+0.10 for c a l v i n g  interval; 0 . 4 8  + 0 . 0 5  and

0 . 4 0 + 0 . 0 7  for b i r t h  weight; and 0 . 46 + 0 . 0 3  and 0.35+_0.05 

for A G E 5 5 .

The r e s p e c t i v e  annual p h e n o t y p i c ,  g e n e t i c  and

e n v i r o n m e n t a l  c h a n g e s  were: -11. 56 +5 .3 , 3 . 8 7 + 0 . 6 4  and

- 1 5 . 4 2 + 5 . 0  kg for 3 0 5 - d a y  milk yield; 2 . 4 3 + 0 . 6 3 ,
♦  _

- 0 . 2 3 + 0 . 0 3  and 2 . 6 5 + 0 . 6 4  d for c a l v i n g  interval;



X i i i

- 0 .0 2 +0 .0 2 , 0.004+_0.003 and -0.03+^0.02 kg for bi r t h  

weig ht ; and 5.26+.0.25, -0.05+.0.04 and 5 . 3 1 + 0 . 2 6  d for 

AGE55. All the e n v i r o n m e n t a l  trends w e re hi g h l y  

s i g n i f i c a n t  (p<0 .0 1 ) . A l 1 p h e n o t y p i c  trends were hi gh ly 

s i g n i f i c a n t  (p<0.01) e x c e p t  for b i r t h  weight. G e n e t i c  

tr en ds were hi g h l y  s i g n i f i c a n t  (p<0 .0 1 ) e x c e p t  for 

b i r t h  w e i g h t  and A G E 5 5 . In all the four tr ai ts the 

c o r r e l a t i o n s  b e t w e e n  e n v i r o n m e n t a l  and p h e n o t y p i c  

trends w e re h i g h l y  s i g n i f i c a n t  (p<0.01). A l t h o u g h  the 

annual g e n e t i c  c h a n g e s  w e re in the d i r e c t i o n  of the 

b r e e d i n g  o b j e c t i v e s ,  the annual g e n e t i c  c h a n g e  in milk 

y i e l d  was lower than expected.
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1 .0 I N T R O D U C T I O N

In 1962 good high grade Sahiwal c a t t l e  from all 

the L i v e s t o c k  I m p r o v e m e n t  C e n t r e s  of K e n y a  w e r e  po o l e d  

at N a i v a s h a  to form the Na t i o n a l  Sahiwal Stud (NSS). A 

b r e e d i n g  plan was d r a w n  in 1965 (Mason, 1965) and was 

fu ll y i m p l e m e n t e d  by 1968 (Meyn and Wilkins. 1974). 

T h is b r e e d i n g  plan has b e e n  f o l l o w e d  si nc e then. 

However, d e c l i n i n g  p h e n o t y p i c  tr en ds in milk yi el d and 

m a t e r n a l l y  c o n t r o l l e d  gr o w t h  and r e p r o d u c t i v e  traits 

have b e e n  r e p o r t e d  (Kimenye, 1978: M w a n d o t t o ,  1985; 

1986) over the p e r i o d  1964-1983. It has b e e n  s u s p e c t e d  

that e i t h e r  the s e l e c t i o n  p r o g r a m m e  is i n e f f i c i e n t  or 

the f r e q u e n t  e n v i r o n m e n t a l  c h a n g e s  are r e s p o n s i b l e  for 

the d e c l i n i n g  p e r f o r m a n c e  in the NSS.

G e n e t i c  i m p r o v e m e n t  a c c r u i n g  from the b r e e d i n g  

p r o g r a m m e  at the NSS is the b a s i c  q u e s t i o n  r e l e v a n t  to 

the Sahiwal b r e e d  i m p r o v e m e n t  scheme. Yet, up to now. 

no a s s e s s m e n t  has b e en done. M o n i t o r i n g  the 

e f f e c t i v e n e s s  of the g e n e t i c  i m p r o v e m e n t  s t ra te gi es , 

t h r o u g h  e s t i m a t i o n  of g e n e t i c  trends. e n s u r e s  that 

s e l e c t i o n  p r e s s u r e  is d i r e c t e d  to traits of e c o n o m i c  

i m p o r t a n c e  and a s s i s t s  in d e c i d i n g  the fu t u r e  e m p h a s i s  

of the b r e e d i n g  pr og ra mm e. A s s e s s m e n t  of the e f f e c t s  of 

e n v i r o n m e n t a l  changes, t h r o u g h  e s t i m a t i o n  of 

e n v i r o n m e n t a l  trends, may m a ke it p o s s i b l e  to a s s o c i a t e  

e n v i r o n m e n t a l  c h a n g e  t o ^ v a r i o u s  s o u r c e s  such as feed 

c o ns um ed . and y e a r l y  c h a n g e s  in the general



e n v i r o n m e n t .  If the e n v i r o n m e n t a l  trend falls far from

e x p e c t a t i o n .  a c r it ic al a p p r a i s a l  can be made and 

remedial a c t i o n  taken.

In v i ew of the above, there was need to p a r t i t i o n  

p h e n o t y p i c  trends into their g e n e t i c  and e n v i r o n m e n t a l  

c o m p o n e n t s  at the N S S . The s p e c i f i c  o b j e c t i v e s  of this 

s tody w e r e :

a) to e s t i m a t e  p h e n ot yp ic , g e n e t i c  and 

e n v i r o n m e n t a l  trends of 3 0 5 - d a y  milk yield, 

b i r t h  weight, c a l v i n g  interval and age at 

55 kg liveweight,

b) to e s t i m a t e  g e n e t i c  p a r a m e t e r s  of these traits, 

and

c) to id e n t i f y  n o n - g e n e t i c  f a ct or s that af f e c t  

these traits in Sahiwal c a t t l e  at the NSS.

Na i va s ha .

♦



2 . 0 L I T E R A T U R E  R E V I E W

2.1 Milk Yield

2.1.1 M e a n s  arid V a r i a t i o n s

The me an s and c o e f f i c i e n t s  of v a r i a t i o n  of 

l a c t a t i o n  m i lk yi e l d  r e p o r t e d  in tropical c a t t l e  are 

s u m m a r i s e d  in T a b l e  1. The c o m p a r i s o n  of th es e me an s is

o o m p l i c a t e d by d i f f e rences in the m a n a g e m e n t o f t lie

he rd s and in the la ct a t i o n lengths i n cl ud ed i n the

ana 1yses of the m i lk yield. However, they serve as a

ro u g h  guide to the milk p r o d u c t i o n  p o t e n t i a l s of

d i f f e r e n t  b r e e d s  of tropical cattle.

F r o m  the r e p o r t e d  means. Indian c a t t l e  have 

g e n e r a l l y  hi gh er milk y i e l d  than the other tropical 

cattle. A l t h o u g h  the Sahiwal is a premier d a i r y  breed 

a m o n g  tropical cattle, its mi Ik yield is not cl os e to 

those of E u r o p e a n  d a i r y  b r e e d s  ra is ed in East Africa 

(Kiwuwa. 1.974: Lindstrrim and Sdlbu, 1978).

The c o e f f i c i e n t s  of v a r i a t i o n  reflect the w i t h i n -

herd v a r i a t i o n  of m i lk yield. Th o s e  r e p o r t e d  iri

tropical c a t t l e  are g e n e r a l l y  a b o v e  2.2%. a level

usual ly r e p o r t e d  in the we 1 1 m a n a g e d  t e m p e r a t e  da ir y

c a t t l e  (Mahadevan, 1966). However, these c o e f f i c i e n t s

of v a r i a t i o n  do not a p p e a r  to be d i r e c t l y  r e l a t e d  to

the c o r r e s p o n d i n g  levels of milk y i e l d  r e p o r t e d  in the

individual tropical c a t t l e  herds, if these v a r i a t i o n s

are larg el y of g e n e t i c  'ori gin. s e l e c t i o n  for h i gh milk
■f*

yi el d In tropical c a t t l e  wo u l d  lead to g e n e t i c
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i m p r o v e m e n t  in milk p r o d uc ti on .

2 . 1 . 2  F a c t ors I n f l u e n c i n g  M i lk Y i eld 

2 . 1 . 2 . 1  Year of C a l v i n g

M a ny a u t h o r s  (Osman, 1972; K i m e n y e  and Russel. 

1975; Kimenye. 1978; O d e n d r a  a/.. 1978; B i s w a s  e t
a/.. 1982; Parmar and Joliar, 1982.; Mw an do tt o. 1986.

PatiI and Kale. 1986) have r e p o r t e d  that year of 

c a l v i n g  has s i g n i f i c a n t  i n f l u e n c e  on m i lk y i e l d  of 

c a t t l e  r a i s e d  in the tropics. T h e s e  r e s u l t s  are 

p o s s i b l e  in herds wh er e m a n a g e m e n t  has c h a n g e d  over the 

years. C h a n g e  in c l i m a t i c  c o n d i t i o n s  can a l s o  bring 

a b o u t  a s i m i l a r  s i t u a t i o n  t h r o u g h  its e f f e c t s  on 

q u a l i t y  and a v a i l a b i l i t y  of p a s t u r e  .

2 . 1 . 2 . 2  S e a s on of C a l v i n g

S o m e  s t u d i e s  (Singh and Pandey. 1970; Parmar and

Johar. 1982) have s h o w n  that s e a s o n  of c a l v i n g  has

s i g n i f i c a n t  e f f e c t  on milk y i e l d  of c a t t l e  in t he

tropics. Howe ve r. these o b s e r v a t i o n s  are not in

a g r e e m e n t  w i th th os e r e p o r t e d  by Tomar and Mittal

(1960); Batra and Desai (1964); O d e n d r a  e t  a ! .  (1978)

and M w a n d o t t o  (1986). T h e s e  c o n t r a d i c t o r y  f i n d i n g s  may

be e x p l a i n e d  by the d i f f e r e n c e s  in breeds. herd

m a n a g e m e n t .  d e f i n i t i o n  of s e a s o n s  and the n u m b e r  of

ye ar s and r e c o r d s  i n c l u d e d  in the an al ys es . Most

i m p o r t a n t  s o u r c e  of v a r i a t i o n  is the d i f f e r e n c e  in
«•

w e a t h e r  c o n d i t i o n s  b e t w e e n  sea s o n s -m a r k e d  in some



T a b l e  1 M e a n s  and C o e f f i c i e n t s  of V a r i a t i o n  ( C V . ) of 
L a c t a t i o n  M i lk Y i e l d  of Tropical Cattle.

B r e e d  11 ilk Y i e l d  CV
(K g ) ( %)

K e na na .1537 -

Bu t.ana 1419 55
N g a n d a 1 032 42
E .A .Z e bu 832 40
J i ddu 1 05 0 39
A n k o 1 e 813 53
Ha r i a na 760 -

Red Sindhi 1534 28
Red Sindhi 1048 -
Gi r 1804 37
Gi r 1191 37
Tha r pa r ka r 2 2 8 3 29
Tha r pa r kar 1 05 1 40
Sa h i w a 1 1515 36
Sa hi wa 1 1674 29
Sa h i wa 1 972 30
Sa h i wa 1 1928 32
Sa h i wa 1 1595 29
Sa hi wa 1 J 386 4 1
Sa hi wa 1 2 1 15 -

W h i t e  F u 1 a n i 1069 -

B o k o 1 o i i 1 143 -

Sour ce

Aliin ( 1960)
" (1962)

M a h a d e v a n  and H a r p i e s  (1961) 
G a l u k a n d e  e t  a l . (1962) 
M a h a d e v a n  (1966)
S a c k e r  and Trail (1966)
Gill and B a l a i n e  (1971)
D ’So us a e t  a 1 (1979)
S i n g h  e t  a /. ( 1 9 8 2 )
O d e n d r a  e t  a l .  (1970)
Ma li k and Ghai (1978)
B a s u  e t  a 1.  ( 1 9 8 2 )
Pa rm ar and Jo ha r (1982) 
M a h a d e v a n  e t  a l .  (1962)
S i n g h  and Desai (1966)
M a l i k  and S i n d h u  (1968) 
A c h a r v a  and Nagpal (1971) 
S i n g h  e t  a 1. <1973)
Ki m e n v e  (1978)
Bh at n a g a r  e t  a t . (1982) 
J o h n s o n  et a l .  (1984)

" (1984)
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c l i m a t e s . n o t  m a r k e d  in others.

2. 1.2.3 P a r i t y ___o r Age of Cow

The i n f l u e n c e  of p a r i t y  of the cow on milk 

p r o d u c t i o n  has b e e n  c o n f i r m e d  by d i f f e r e n t  w o r k e r s  

(Alim. 1960b: M a h a d e v a n  and Harpies. 1961: Johar and

Taylor. 1967: Kimenve, 1978: h i n d s t r o m  and Solbu. 1978: 

O d e n d r a  e t  a l . ,  1978: P a r m a r  an d  Johar, 1982: J o h n s o n

e t  a l . .  19841 in the tropics. Kh a n n a  and Bhat. (1971); 

NaepaI and A c h a r v a  (1971): K i m e n v e  (1978) and M w a n d o t t o  

(1986) have a I I found that peak mi Ik p r o d u c t i o n  of the 

Sahiwa) o c c u r s  in the 4th lactation. This is w i t h i n  

the range. 3 r d - 5 t h  lactation, r e p o r t e d  in the ot he r 

tropical c a t t l e  (Mahadevan. 1966) w h i c h  o c c u r s  at 

a l m o s t  the same c h r o n o l o g i c a l  age at w h i c h  the peak 

milk p r o d u c t i o n  o c c u r s  (5 t h - 6 t h  la ct ations) in the 

t e m p e r a t e  cattle. ( J o h a n s s o n  and R e n d e 1. 1968). The

d i f f e r e n c e  b e t w e e n  t e m p e r a t e  and tropical c a t t l e  is 

a t t r i b u t a b l e  to the fact that tropical c a t t l e  g e n e r a l I v  

have higher age at. p u b e r t y  and h e n c e  late at ag e  first 

calving.

P r e v i o u s  s t u d i e s  (Mahadevan. 1953: G a l u k a n d e  e t
a l . ,  1962: An de rs en , 1970: O d e n d r a  e t  a l . .  1978: Bhat

e t  a l . .  1980) have sh o w n  that age at first c a l v i n g  

s i g n i f i c a n t l y  i n f l u e n c e  milk y i e l d s  of cattle. Milk 

yi e l d  of the Sahiwal was o b s e r v e d  to in c r e a s e  w i t h  age 

a t  first c a l v i n g  ( B a t r a ’ and Desai. 1964: K a v i t k a r  e t
a / - .  1968; Kime nv e. 1978) w h i l e  this was not o b s e r v e d



in the M a r i a n a  b r e e d  (Singh an d  Desai. 1961: Balaine. 

1971). This d i f f e r e n c e  may be due t.o d i f f e r e n c e s  in 

m a n a g e m e n t  and s e l e c t i o n  o b j e c t i v e s  in the individual 

herds. H o w e v e r  the e v i d e n c e  is in favour of c o r r e c t i o n  

of the e f f e c t  of ag e  at first c a l v i n g  in the a n a l y s e s  

of milk yield.

F r om the i n f o r m a t i o n  d i s c u s s e d  a b o v e  it wo u l d  be 

d e s i r a b l e  to i n c l u d e  p a r i t y  or age effect in the 

m o d e l s  of a n a l y s e s  of milk y i e l d  data that include 

m u l t i p l e  parities.

2 . 1 . 2 . 4  L a c t a t i o n  L e n g t h

L a c t a t i o n  lengths have b e en r e p o r t e d  to a c c o u n t  for 

45 -7 5 percent of the total v a r i a n c e  of mi Ik y i e l d s  in 

tropical c a t t l e  (Alim. 1960; G a l u k a n d e  ef a/.. 1962; 

Ngere. 1970). H i gh c o r r e l a t i o n s  b e t w e e n  l a ct at io n 

length and m i lk y i e l d  have b e en r e p o r t e d  in the 

S u d a n e s e  c a t t l e  (Alim. 1960; 1962; D a n a s o u r y  and 

Bavoumi. 1963). S i m i l a r  c o r r e l a t i o n s  have b e e n  r e p o r t e d  

for Sahiwal by Ba tr a and Desai (1964) and bv K i m e n y e  

(1978); for H a r i a n a  c a t t l e  by N g e r e  (1970) and for the 

East A f r i c a n  Z e b u  by G a l u k a n d e  e t  a ] . ,  (1962).

The a b o v e  is not a general o c c u r r e n c e  in the 

t e m p e r a t e  c a t t l e  w h e r e  l a c t a t i o n  length is m u c h  less 

v a r i a b l e  (Mahadevan, I960). The d e g r e e  to w h i c h  the 

l a c t a t i o n  length is r e l a t e d  to milk y i e l d  d e p e n d s  on 

the breed. m a n a g e m e n ^ .  and w h e t h e r  the c a l v e s  have

b e en a l l o w e d  to s u c k l e  or not
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2 . 1 . 2 . 5  Dry P e r i o d

S i g n i f i c a n t  e f f e c t s  of the p r e c e d i n g  dry p e r i o d s  on 

c u r r e n t  l a c t a t i o n  m i lk y i e l d s  of Nganda, East A f r i c a n  

Z e b u  and H a r i a n a  c a t t l e  have b e en r e p o r t e d  by M a h a d e v a n  

and M a r p l e s  (1961), G a l u k a n d e  e t  a ] . ,  (1962), and

Dadl an i and P r a b h u  (1968), r e s p e c t i v e l y .

T h is was not o b s e r v e d  in the Sahiwal b r e e d  (Batra 

and Desai 1964; K a v i t k a r  e t  a/., 1968; Kimenye, 1978).

It a p p e a r s  that the i n f l u e n c e  d e p e n d s  not o n l y  on br ee d 

but a l s o  on w h e t h e r  the length of the dry p e r i o d s  

e x a m i n e d  w e r e  w i t h i n  the ra ng e in w h i c h  the i n f l u e n c e  

on milk y i e l d  c o u l d  be d e t e c t e d  (Bayoumi and Da na so ur y, 

1963; B a t r a  and Desai, 1964). However, the i n a b i l i t y  

to k n o w  w h e t h e r  a cow d r i e d  off n a t u r a l l y  or due to a 

m a n a g e m e n t  d e c i s i o n  ma k e s  the c o r r e c t i o n  of m i lk y i e l d  

for the p r e c e d i n g  dry pe r i o d  di ff ic ul t.

2 . 1 . 2 . 6  C a l v i n g  Interval

Some s t u d i e s  (Alim, 1962; G a l u k a n d e  e t  a ! ., 1962;

Bhat and C h a n d r a m o h a n ,  1982; M w an do tt o, 1986) have

sh o w n  that the p r e c e d i n g  c a l v i n g  interval is

s i g n i f i c a n t l y  c o r r e l a t e d  with the c u r r e n t  m i lk yi el d

in tropical cattle. O t h e r s  (Singh and Desai, 1962;

Dadlani and Prabhu, 1968; Kimenye, 1978; B i s w a s  e t  a/.,

1982) h a ve not fo un d any s i g n i f i c a n t  c o r r e l a t i o n

b e t w e e n  the p r e c e d i n g  c a l v i n g  interval and the c u r r e n t
»

milk yield. P r e c e d i n g  c a l v i n g  i n t e r v a l s  seem to

i n f l u e n c e  m i l k  y i e l d  o n l y  w h en they are short. When
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they are v e r y  long their e f f e c t  is m i n i m i z e d  as each 

cow has more than a s u f f i c i e n t  rest (Mahadevan, 1966). 

It a p p e a r s  that the i n f l u e n c e  d e p e n d s  on the b r e e d  and 

the m a n a g e m e n t  s y s t e m  a d o p t e d  in the herd. Howe ve r, the 

dry p e r i o d  and the la ct a t i o n  length w h i c h  are the 

c o m p o n e n t s  of the c a l v i n g  interval have to be 

c o n s i d e r e d  w h e n  c o r r e c t i o n  f a c t o r s  are b e i n g  devised.

2 .1 . 2 . 7  B o d y  W e i g h t  at C a l v i n g

D i f f e r e n t  w o r k e r s  (Mason e t  a l . ,  1972; To ma r and 

Arora, 1972; Kime ny e, 1978; Mw a n d o t t o ,  1986) have not 

found an y  s i g n i f i c a n t  c o r r e l a t i o n  b e t w e e n  m i lk yi el d 

and b o d y  weight. H o w e v e r  b o dy w e i g h t  at c a l v i n g  has 

b e e n  r e p o r t e d  to have s i g n i f i c a n t  i n f l u e n c e  on milk 

y i e l d s  of cows in some s t u d i e s  (F ar t h i n g  and Legates, 

1958; C l a r k  and T o u c h b e r r y ,  1962; S i n g h  and Desai 1966; 

C h a b r a  e t  a l ,  1970; Kimenye, 1978). In a l 1 ca s e s  the 

h e a v y  cows at c a l v i n g  p r o d u c e d  hi gh er a m o u n t s  of milk. 

H e a v i e r  cows are a b le to p r o d u c e  m o re milk b e c a u s e  of 

their a b i l i t y  to ingest and m e t a b o l i z e  large a m o u n t s  of 

feed d e s p i t e  their hi gh er m a i n t e n a n c e  r e q u i r e m e n t s .  

The e x t r a  n u t r i e n t s  are turned into milk. B r o d y  (1945) 

s u g g e s t e d  that cows be c o m p a r e d  on the basis, of fat 

c o r r e c t e d  m i lk yield, per m e t a b o l i c  b o d y  w e i g h t  (W0 ’^) 

si nc e the r e q u i r e m e n t  of e n e r g y  for b o dy m a i n t e n a n c e  is 

p r o p o r t i o n a l  to W^'^.

*
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2 . 1 . 3  R e p e a t a b i l i t y  and H e r l t a b i l i t y

The r e p e a t a b i l i t y  and h e r i t a b i l i t y  e s t i m a t e s  

r e p o r t e d  in tropical c a t t l e  for milk y i e l d  are set out 

in T a b l e  2. All the r e p e a t a b i l i t y  and h e r i t a b i l i t y  

e s t i m a t e s  r e p o r t e d  in the Sahiwal br e e d  fall w i t h i n  the 

range of 0. 3  to 0 . 7 3  and 0.2 to 0.5, r e s p e c t i v e l y ,  

r e p o r t e d  for the ot h e r  tropical cattle. The m a g n i t u d e s  

of th es e e s t i m a t e s  s u g g e s t  that s e l e c t i o n  for high milk 

y i e l d  b a s e d  on the first la ct a t i o n  r e co rd s s h o u l d  be 

e x p e c t e d  to re su lt in g e n e t i c  progress.

2.2 C a l v i n g  Interval

2. 2. 1 M e a n s  And V a r i a t i o n s

The me an s and c o e f f i c i e n t s  of v a r i a t i o n  of c a l v i n g

interval r e p o r t e d  in tropical c a t t l e  are p r e s e n t e d  in

T a b l e  3. The m e a n s  r e p o r t e d  in A f r i c a n  c a t t l e  are

w i t h i n  the r a n g e  (365 - 396 days) a c c e p t a b l e  in the

well m a n a g e d  t e m p e r a t e  c a t t l e  herds ( J o h a n s s o n  and

Rendel, 1968). Howe ve r, th os e r e p o r t e d  in Indian

c a t t l e  - the S a h i wa l in c l u d e d  - as well as th os e in the

K e n a n a  and the N a t i v e  E g y p t i a n  breeds, fall w i t h i n  the

range 396 - 60 5  days. Most of the c o e f f i c i e n t s  of

v a r i a t i o n  vary d i r e c t l y  with c o r r e s p o n d i n g  me an s of the

c a l v i n g  i n t e r v a l s  r e p o r t e d  in the in di vi du al herds and

are g e n e r a l l y  low. M a h a d e v a n  e t  a/., (1962) and

K i m e n y e  (1978) have i n d i c a t e d  that c a l v i n g  interval is
»

largely a f f e c t e d  by e n v i r o n m e n t a l  f a c t o r s  and the 

m a n a g e m e n t  s y s t e m  a d o p t e d  in the herds, for i n s t a n c e  AI
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Table 2: Repeatability and Heritability Estimates of 

Lactation Milk Yield in Tropical Cattle

Breed Repeatability Heritability Source

Kenana 0.43 0.24 A li i  (1960)

Fulani - 0.20 Foster (1961)

Nganda 0.73 0.20 Hahadevan and Harpies (1961)

Butana 0.41 0.28 A li i  (1962)

E. A. Zebu 0.55 0.50 Galukande e t  a l  (1962)

Sahiwal 0.65 0.59 Hahadevan e t  a l .  (1962)

Sahlwal 0.49 - Johar and Taylor (1967)

Sahiwal 0.35 0.15 Acharya and Hagpal (1971)

Sahlwal 0.37 0.36 Gopal and Bhatnagar (1972)

Sahiwal 0.57 - Dhariendra e t  a l .  (1978)

Sahiwal 0.43 0.23 Kiienye (1978)

Sahiwal - 0.41 Taneja e t  a l .  (1978)

Hariana 0.50 - G i11 and Balaine (1971)

Tharparkar 0.37 0.35 Basu e t  a l .  (1982)

Tharparkar 0.30 0.28 Pariar and Johar (1982)

Red Sindhi 0.32 0.30 Singh e t  a l . (1982)

«•
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or natu ra l s e r v i c e  of cows, he nc e the low 

h e r i t a b  1 1 1 1 ies a s s o c i a t e d  with the trait.

2 . 2 . 2  F a c t o r s  I n f l u e n c i n g  C a l v i n g  Interval 

2 .2.2.1 Year of C a l v i n g

P r e v i o u s  s t u d i e s  (Singh e t  a l . ,  1958; Osman, 1972; 

Kimenye, 1973; 1978; K i n e n y e  and Russel, 1975) have

sh o w n  that year of c a l v i n g  has s i g n i f i c a n t  i n f l u e n c e  on 

c a l v i n g  interval of tropical cattle. A l t h o u g h

m a n a g e m e n t  d o e s  i n f l u e n c e  c a l v i n g  interval, it ca n n o t  

be e x p e c t e d  to e x p l a i n  annual fl uc tu a t i o n .  Y e a r l y  

f l u c t u a t i o n s  can be c a u s e d  a l s o  by c h a n g e s  in w e a t h e r  

and i n b r e e d i n g  levels over the y e a r s  (Trail and 

Greg or y, 1981).

2.2.2.2. S e a s o n  of C a l v i n g

Some a u t h o r s  (Singh e t  a ]., 1958; Osman, 1972;

Kimenye, 1973; 1978; K i m e n y e  and Russel, 1975) have

s h o w n  that s e a s o n  of c a l v i n g  has a s i g n i f i c a n t  

i n f l u e n c e  on c a l v i n g  interval of tropical cattle. In 

all these c a s e s  , a n i m a l s  c a l v i n g  d u r i n g  p e r i o d s  of 

food s c a r c i t y  had p r o l o n g e d  c a l v i n g  intervals. However, 

Ra o  e t  a l .  (1969) and Aggr aw al e t  a l .  (1972) did not 

o b s e r v e  a s i g n i f i c a n t  i n f l u e n c e  of s e a s o n  of c a l v i n g  on 

c a l v i n g  i n t e r v a l s  of the O n g o l e  and K a n k r e j  breeds,

r e s p e c t i v e l y .  Th e  d i f f e r e n c e  in o b s e r v a t i o n s  ma y  have
*  ,

a r i s e n  b e c a u s e  of d i f f e r e n c e s  b e t w e e n  breed,

m a n a g e m e n t  and d e f i n i t i o n  of seasons.
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Table 3: The Means and Coefficients of Variation of

Calving Interval of Tropical Cattle.

Breed Mean (days)' CV.(%) Source

Sahiwa1 471 10 Amble et  al  A  1958)

Sahiwa1 484 23 Singh and Choudhury (1961)

Sahiwa1 388 19 Mahadevan e t  al . (1962)

Sahiwa1 439 20 Gheloni and Malik (1967)

Sahiwa1 498 25 Kushwana and Misra (1969)

Sahiwa1 412 - Kimenye (1978)

Red Sindhi 549 30 Amble et  al . (1958)

Red Sindhi 436 33 D’Souza e t  al . (1979)

Native Egypt! an 419 26 Asker e t  al . (1958)

Har iana 439 17 Johar and Taylor (1970)

Har iana 473 20 Ngere (1970)

Nganda 420 21 Mahadevan and Marples (1961)

Tharparkar 440 22 Basu e t  al . (1982)

Gir 603 35 Malik and Ghai (1978)

E.A. Zebu 363 19 Galukande e t  al . (1962)

E.A. Zebu 349 22 Sacker and Trail (1966)

Anko1e 342 14 Sacker and Trail (1966)

Butana 416 - Alim 1964)

White Fulani 366 - Johnson et  al . (1984)

*
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A nu m b e r  of s t u d i e s  (Alim, 1960; J o h a r  and Taylor, 

1967; S i n g h  and P r a s a d  1968; Dadl an i e t  a l . ,  1969; 

J o h n s o n  e t  a t ,  1984) have r e p o r t e d  that p a r i t y  

i n f l u e n c e s  c a l v i n g  interval of tropical cattle. Some of 

them (Dadlani e t  a l .  1969; Jo ha r and Taylor, 1970; 

J o h n s o n  e t  a l ,  1984) have o b s e r v e d  that the first 

c a l v i n g  interval is the longest and the th ir d is the 

s h o r t e s t  and that c a l v i n g  i n t e r v a l s  i n c r e a s e  in 

s u b s e q u e n t  pariti es . The longer c a l v i n g  i n t e r v a l s  for 

the y o u n g  c o ws ma y  r e f l e c t  a hi g h e r  n u t r i t i v e  

r e q u i r e m e n t ,  b e c a u s e  they still have a r e q u i r e m e n t  for 

g r o w t h  in a d d i t i o n  to r e q u i r e m e n t s  for l a c t a t i o n  and 

m a i n t e n a n c e .  It is g e n e r a l l y  k n o w n  that in the

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

in the body, p r i o r i t y  is gi ve n to survival of the 

in di vidual r a t h e r  than its r e p r o d u c t i v e  f u n c t i o n s

( W i l l i a m s o n  and Payne, 1978). In ol d e r  cows, longer 

c a l v i n g  i n t e r v a l s  re s u l t  from the r e d u c e d  a b i l i t y  to 

c o n c e i v e  a s s o c i a t e d  w i t h  the a g i n g  process. 

V a s c u 1a r i s a t i o n  of the u t e r i n e  s t r o m a  is, generally, 

k n o w n  to be a m a j o r  factor a f f e c t i n g  c o n c e p t i o n  rate 

in mammals. Howe ve r, v a s c u 1a r i s a t i o n  of the u t e r i n e  st r o m a  

d i m i n i s h e s  w i t h  the age of the f e m a l e  farm a n i m a l s

m a i n t a i n e d  for a longer p e r i o d  of b r e e d i n g

(H u n t e r ,1985), he n c e  the longer s e r v i c e  p e r i o d  and, 

therefore, longer c a 1v i n g * i n t e r v a 1 in ol de r cows.

2.2.2.3 Parity
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2 . 2 . 2 . 4  Age at F i r s t  C a l v i n g

Several w o r k e r s  (Singh and Sinha, 1960; P l a s s e  e t  
a l ,  1965; Kumar, 1982) have r e p o r t e d  i n s i g l 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  c a l v i n g  interval and age at first 

calving. T h e s e  f i n d i n g s  are not in a g r e e m e n t  with 

those of S i n g h  and C h o u d h u r y  (1961) and K u s h w a n a  and 

M i s r a  (1969) w o r k i n g  with the Sahiwal breed, and Kumar 

(1982) w o r k i n g  w i t h  H a r i a n a  b r e e d  in India. The 

i n f l u e n c e  of age at first c a l v i n g  on c a l v i n g  interval 

seem to d e p e n d  on f e e d i n g  and b r e e d i n g  m a n a g e m e n t  in 

tropical c a t t l e  herds.

2 . 2 . 2 . 5  S e r v i c e  P e r i o d

Several w o r k e r s  (Kholi e t  a l ,  1961; B h a l l a  e t  a l ,  
1967; M a l i k  and Sindhu, 1968; T o m a r  and Arora, 1972; 

C h o p r a  e t  a l ,  1973) have r e p o r t e d  s e r v i c e  p e r i o d s  

r a n g i n g  from 120 to 219 days in Indian cattle. S e r v i c e  

p e r i o d s  of tropical c a t t l e  are long and may p a r t l y  be 

the c a u s e  of the long c a l v i n g  i n t e r v a l s  observed. 

S e r v i c e  pe r i o d  has a very low h e r i t a b i l i t y  (Singh e t  
a l ,  1968) an d  is, therefore, larg el y a f f e c t e d  by 

e n v i r o n m e n t a l  f a c t o r s  such as f e e d i n g  and heat

d e t e c t i o n  t e c h n i q u e s  used in the herd.

2 . 2 . 2 . 6  L a c t a t i o n  L e n g t h  and Dry P e r i o d

B a s u  e t  a l ,  (1982) r e p o r t e d  a n e a r - z e r o  g e n e t i c
«

c o r r e l a t i o n  b e t w e e n  the ctir rent c a l v i n g  interval and 

the c u r r e n t  l a c t a t i o n  length w h i l e  K i m e n y e  (1978)
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r e p o r t e d  a low and h i g h l y  s i g n i f i c a n t  p h e n o t y p i c  

c o r r e l a t i o n  (rp = 0.08).

Several w o r k e r s  (Gheloni and Malik, 1967; J o h a n s s o n  

and R e n d e 1, 1968; Dutt e t  a l ,  1974; Kimenye, 1978) have

s h o w n  that the c u r r e n t  dry pe r i o d  is h i g h l y  c o r r e l a t e d  

w i th the c u r r e n t  c a l v i n g  interval. This has a l s o  been 

r e p o r t e d  by B r o t h e r s t o n e  (1987) in B r i t i s h

Ho 1s t e i n / F r i e s i a n  herds. This r e l a t i o n s h i p  a r i s e s  

si n c e  c a l v i n g  interval is made up of dry p e r i o d  and 

l a c t a t i o n  length.

2 . 2 . 2 . 7  L a c t a t i o n  M i lk Yi el d

Basu e t  a l ,  (1982) have r e p o r t e d  non- s i g n i f i c a n t  

g e n e t i c  c o r r e l a t i o n s  b e t w e e n  c u r r e n t  la ct a t i o n  milk 

y i e l d s  and c u r r e n t  c a l v i n g  intervals. However, 

D a d l a n i  e t  a l ,  (1969) and M a i j a l a  (1978), w o r k i n g  with 

H a r i a n a  c a t t l e  an d  t e m p e r a t e  cattle, r e s p e c t i v e l y ,  

found s i g n i f i c a n t  p o s i t i v e  p h e n o t y p i c  c o r r e l a t i o n s  

b e t w e e n  c u r r e n t  l a c t a t i o n  m i lk y i e l d  and c u r r e n t  

c a l v i n g  interval. T h e s e  f i n d i n g s  tend to s u g g e s t  that

the i n f l u e n c e  of the la ct at io n milk y i e l d on the

c u r r e n t  c a l v i n g  interval vary with the br ee d and the

s e l e c t i o n  o b j e c t i v e s  in the herd. H o w e v e r , i n the 1 ow
p r o d u c i n g  b r e e d s  such as the Sahiwal milk p r o d u c t i o n  is 

too low to i n f l u e n c e  c a l v i n g  interval n e g a t i v e l y  

(Mahadevan, 1966).
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T h e r e  is little i n f o r m a t i o n  in the t r op ic s on the 

r e l a t i o n s h i p  of the sex and b i r t h  w e i g h t  of the calf 

w i t h  c a l v i n g  interval. It is k n o w n  that long g e s t a t i o n  

p e r i o d s  are a s s o c i a t e d  with he a v y  c a l v e s  ( G r e g o r y  e t  
a t . ,  1978) and that m a l e  c a l v e s  are u s u a l l y  h e a v i e r  

than fe ma le c a l v e s  at bi r t h  (G r e g o r y  e t  a t . ,  1979). 

A l t h o u g h  the g e s t a t i o n  p e r i o d  and s e r v i c e  p e r i o d  are 

the two c o m p o n e n t s  of the c a l v i n g  interval. The ex tr a 

days c o n t r i b u t e d  by the h e a v y  c a l v e s  have b e en shown 

not to s i g n i f i c a n t l y  in c r e a s e  the c a l v i n g  interval of 

the dam (Prabhu e t  a t . ,  1961; S i n g h  and Dutt, 1961).

2 . 2 . 3  R e p e a t a b i l i t y  and H e r l t a b l l l t v

Wh i l e  r e p e a t a b i l i t y  and h e r i t a b i l i t y  e s t i m a t e s  of 

c a l v i n g  interval, r e p o r t e d  in the Sahiwal breed

r a n g e d  from 0 . 02 to 0 . 2 3  and 0 . 06 to 0.20, r e s p e c t i v e l y  

( M a h a d e v a n  e t  a t ,  1962; S i n g h  and Desai, 1962;

Ku sh w a n a ,  1964; D h a r m e n d r a  e t  a t ,  1978; Kimenye, 1978), 

the va l u e s  r e p o r t e d  in ot he r tropical c a t t l e  for both 

p a r a m e t e r s  are c l o s e  to z e ro (Mahadevan, 1966;

W i l l i a m s o n  and Payne, 1978). The low e s t i m a t e s  of

th es e p a r a m e t e r s  i n d i c a t e  that c a l v i n g  interval is 

larg el y i n f l u e n c e d  by t e m p o r a r y  e n v i r o n m e n t a l  factors.

2.2.2.8 Sex and Birth Weight of the Calf
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2. 3 B i r t h  W e i g h t

2. 3 . 1  Me a n s  and V a r i a t i o n s

The mean b i r t h  w e i g h t  r e p o r t e d  in tropical c a t t l e  

ar e  s u m m a r i z e d  in T a b l e  4. B i r t h  w e i g h t s  of the 

Sahi wa l are w i t h i n  the range 13 to 28 kg r e p o r t e d  in 

the ot he r tropical cattle. W h i l e  the b e t w e e n - b r e e d  

d i f f e r e n c e s  are large w i t h i n - b r e e d  d i f f e r e n c e s  are much 

s m a 1 1er (Table 4) .

2 . 3 . 2  F a c t o r s  I n f l u e n c i n g  B i r t h  W e i g h t

2 . 3 . 2 . 1  Year of B i r t h

Several w o r k e r s  (T ou chberry, 1967; W i l l i s  e t  a ] , ,  
1972; T a n e j a  e t  a l . ,  1980; G r e g o r y  and Trail 1981b; 

M w a n d o t t o ,  1985) h a ve s h o w n  that y e ar of c a l v i n g  has 

s i g n i f i c a n t  i n f l u e n c e  on b i r t h  w e i g h t s  of tropical 

cattle. The year e f f e c t s  may be a t t r i b u t e d  to g e n e t i c  

tr e n d s  and c l i m a t i c  f a c t o r s  (Trail and Gregory, 1981) 

and i n b r e e d i n g  levels (Butts e t  a J . ,  1984). W h i l e  the 

e f f e c t  of annual f l u c t u a t i o n  in w e a t h e r  c o n d i t i o n s  are 

erratic, those a s s o c i a t e d  w i th g e n e t i c  tr en ds and 

i n b r e e d i n g  are s y s t e m a t i c  and can, to a large extent, 

be a c c u r a t e l y  a d j u s t e d  for.

«•
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T a b l e  4: The M e a n s  of B i r t h  W e i g h t  of T r op ic al

Cattle.

B r e e d  M e a n  S o u r c e

kg

H a r i a n a  24 

H a r i a n a  21 

N g a n d a  19 

East A f r i c a n  Z e bu 18 

T h a r p a r k a r  24 

N a t i v e  E g y p t i a n  24 

Red Si nd hi 16 

R e d S i n d h i  18 

S i n h a 1 a 13 

G o b r a  Z e bu 26 

M p w a p w a  23 

W. Afr. S h o r t h o r n  15 

N d a m a  15 

B o r a n  28 

B o r a n  25 

Sahiwal 24 

Sahiwal 22 

Sahiwal 23 

B a r o t s e  26 

Red K u d h a r i  23 

T a b a p u a  22

S h a r m a  e t  a l . ,  (1951)

Bhat e t  a l . ,  (1982) 

F a u l k n e r  and B r o w n  (1953)

" " " (1953)

Joshi and P h i l l i p s  (1953) 

A h m e d  and T a n t a w y  (1954) 

M a h a d e v a n  (1966)

D ’S o u z a  e t  a l . ,  (1979) 

M a h a d e v a n  (1966)

De n i s  and V a l e n z a  (1968) 

M e y n  (1970)

N g e r e  and C a m e r o n  (1972)

,, (1972)

T o n n  (1976)

T h o r p e  e t  a l . ,  (1980)

H a r r i c h a r a n  e t  a l . ,(1976)
Bhat and C h a n d r a m o h a n (1982)

M w a n d o t t o  (1985)

T h o r p e  e t  a l .  (1980)

G h a f o o r  e t  a l . ,  (1980)

’ L e d i c  e t  a l . ,  (1987).♦
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S e a s o n  of b i r t h  has b e e n  sh ow n to s i g n i f i c a n t l y  

i n f l u e n c e  b i r t h  w e i g h t  of c a l v e s  in tropical ca t t l e

( G r e g o r y  and Trail, 1978; Bhat and C h a n d r a m o h a n , 1982;

M w a n d o t t o ,  1985; C a r d e l l i n o  and C a s t r o ,1987). Seasonal 

i n f l u e n c e  is c a u s e d  by the e f f e c t  of seasonal

c o n d i t i o n s  of w e a t h e r  on feed q u a l i t y  and a v a i l a b i l i t y  

on the c o n d i t i o n  of the dam, and, hence, the maternal 

e n v i r o n m e n t  on b i r t h  w e i g h t s  of calves.

2.3.2.2 Season of Birth

2 . 3 . 2 . 3  Pa r i t y

P r e v i o u s  s t u d i e s  (Koch and Clark, 1955; S a c k e r

e  t a 1. , 1971; Tonn, 1974; G r e g o r y  e t  a l . , 1978; L e d i c

e t a 1. , 1987) have s h o w n  that p a r i t y  of dam has a

s i g n i f i c a n t  e f f e c t  on b i r t h  w e i g h t s  of c a t t l e  m a i n l y  

t h r o u g h  the ma t e r n a l  e n v i r o n m e n t  the dam imparts on the 

calf (Koch and Clark, 1955). In the Sahiwal breed, 

B h at and C h a n d r a m o h a n  (1982), w o r k i n g  in India, 

o b s e r v e d  l i gh te st c a l v e s  in the first and se co nd 

c a l v e r s  and the h e a v i e s t  c a l v e s  in the e i g h t h  calvers. 

M w a n d o t t o  (1985), however, found a p o s i t i v e  trend in 

b i r t h  w e i g h t s  p r o d u c e d  from first to fo u r t h  pa r i t y  

f o l l o w e d  by a gradual d e c l i n e  in the s u b s e q u e n t

p a r i t i e s  in the K e n y a  Sahiwal. The d i f f e r e n c e  can 

p a r t l y  be a t t r i b u t e d  to the fact that s e l e c t i o n  of dams 

in the s t u d y  in India f a v o u r e d  dams w h o s e  c a l v e s  had
i

high b i r t h  w e i g h t s  (Bhat anti C h a n d r a m o h a n ,  1982).
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W i I l h a m  (1972) has s h o w n  that the p r e c e d i n g  

c a l v i n g  interval form part of the ma t e r n a l  e f f e c t  w h i c h  

is e n v i r o n m e n t a l  to the calf. Few r e p o r t s  e x i s t  in the 

t r o p i c s  on this effect. However, Bhat and C h a n d r a m o h a n  

(1982) and M w a n d o t t o  (1985) have s h o w n  that the 

p r e c e d i n g  c a l v i n g  interval has a s i g n i f i c a n t  e f f e c t  on 

b i r t h  w e i g h t  of Sahi wa l cattle. T h is c o n c u r s  w i th the 

f i n d i n g s  of T o nn (1974), w o r k i n g  w i t h  B o r a n  cattle. 

But the e f f e c t  of p r e c e d i n g  c a l v i n g  interval may be 

c o n f o u n d e d  by w h e t h e r  the calf s u c k l e d  or not du r i n g  

that c a l v i n g  interval he nc e is d e p e n d e n t  on the calf 

f e e d i n g  and w e a n i n g  s y s t e m  in the herd co ns i d e r e d .

2 . 3 . 2 . 5  Sex of Calf

Sex of calf has b e en r e p o r t e d  to i n f l u e n c e  b i r t h  

w e i g h t  in c a t t l e  (Sac ke r e t  a l . ,1971; W i l l i s  e t  a/., 

1975; G r e g o r y  and Trail 1981a; M w a n d o t t o ,  1985). M a le 

c a l v e s  ar e  u s u a l l y  h e a v i e r  at b i r t h  c o m p a r e d  to female 

calves. The p h y s i o l o g i c a l  b a s i s  for this d i f f e r e n c e  is 

found in the h o rm on al d i f f e r e n c e s  b e t w e e n  the sexes 

(Bell e t  a J .,1970).

2 . 3 . 2 . 6  I n t e r a c t i o n  of the M a in F i x e d  F a c t o r s

Y e ar X s e a s o n  i n t e r a c t i o n  s i g n i f i c a n t l y  a f f e c t e d  

b i r t h  w e i g h t s  of A y r s h i r e  X Sahiwal c r o s s b r e d  c a t t l e
t

(G r e g o r y  and Trail, 1981 a ) . «■ Th i s was a l s o  r e p o r t e d  by

2 . 3 . 2 . A Calving Interval

M w a n d o t t o  (1985). T h e s e  two r e s u l t s  i n di ca te that care
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s h o u l d  be e x e r c i s e d  w h e n  c o r r e c t i o n  f a c t o r s  for se a s o n  

of c a l v i n g  are a p p l i e d  a c r o s s  y e a r s  in the c o m p a r i s o n  

of b i r t h  wei ghts.

2.3.3. R e p e a t a b i l i t y  and H e r i t a b i l i t y

R e p e a t a b i l i t y  e s t i m a t e s  of b i r t h  w e i g h t s  have been 

r e p o r t e d  to ra ng e from 0.16 to 0 . 3 4  in A f r i c a n  c a t t l e  

(Trail e t  a/., 1971; T h o r p e  e t  a l . ,  1980) and most of 

th es e e s t i m a t e s  fall w i t h i n  the range of e s t i m a t e s  0 . 2  
to 0.3 r e p o r t e d  in t e m p e r a t e  beef c a t t l e  (Dalton, 

1980). H e r i t a b i l i t y  e s t i m a t e s  of b i r t h  weight, as 

trait of the dam, have b e e n  r e p o r t e d  to range from 0 . 14 

to 0 . 25 In H o l s t e i n  c a t t l e  (Eve rr et and Magee, 1965), 

0 . 2 7  in A b e r d e e n  A n g u s  and 0 . 26 in H e r e f o r d  (Brown and 

Galvez, 1969). H e r i t a b i l i t y  e s t i m a t e s  of b i r t h  w e i g h t  

as trait of the dam in zebu c a t t l e  are sparse. 

H o we ve r, A r n a s o n  and K a s s a - M e r s h a  (1987) have r e p o r t e d  

a v a l u e  of 0 . 1 2  in E t h i o p i a n  B o r a n  cattle.

It can be c o n c l u d e d  that the ra ng e of v a l u e s  

r e p o r t e d  for r e p e a t a b i l i t y  and h e r i t a b i l i t y  e s t i m a t e s  

ar e  low to m o d e r a t e  in m a g n i t u d e  d e p e n d i n g  on the model 

of a n a l y s i s  used, b r e e d  of c a t t l e  and l o ca li ty of the

h e r d .
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2.4 Ag e  of Calf at 55 kg L i v e w e i g h t

Few w o r k e r s  have r e p o r t e d  on this trait as the 

d e f i n i t i o n  is not c o n v e n t i o n a l  in the m a n a g e m e n t  

s y s t e m s  a d o p t e d  in most range c a t t l e  herds. The ages 

of c a l v e s  at 55 kg .a t the NSS on a v e r a g e  range from 60 

to 120 days (Mwandotto, 1986). Th e r e f o r e ,  the 

f o l l o w i n g  r e v i e w  will be c o n f i n e d  to he r d s  wh e r e  

l i v e w e i g h t  w i t h i n  this range of ages have been studied.

2.4.1 M e a n s  and V a r i a t i o n s

M w a n d o t t o  (1985) has r e p o r t e d  an a v e r a g e  age of 106 

days at 55 kg l i v e w e i g h t  of c a l v e s  in the NSS herd. 

M s a n g a  e t  a ! . ,  (1986) r e p o r t e d  an a v e r a g e  l i v e w e i g h t  of

5 9 . 3  kg at 75 d a ys in M p w a p w a  c a l v e s  and L e d i c  e t  a l .  
(1987) r e p o r t e d  a v e r a g e  w e i g h t  of 9 2 . 8  kg at 90 days in 

T a b a p u a  calves. T h e s e  two c a t t l e  b r e e d s  have bi r t h  

w e i g h t s  cl o s e  to th os e of the Sahiwal (Table 4). The 

a b o v e  r e s u l t s  a p p e a r  to show that the M p w a p w a  and the 

T a b a p u a  c a t t l e  have hi gh er a v e r a g e  d a i l y  gains than the 

Sah iwaI c a 1 1 1e .

2.4.2. F a c t o r s  I n f l u e n c i n g  Ages of C a l v e s  at 

55 kg L i v e w e i g h t

2 . 4 . 2 . 1  Year of B i r t h

M w a n d o t t o  (1985) has r e p o r t e d  that year of b i r t h

has s i g n i f i c a n t  i n f l u e n c e  on the ag e  of the calf at 55

kg liveweight. A n u m b e r  of ot he r w o r k e r s  (Touchberry,
*

1967; W i l l i s  e t  a / . ,  1972; T a n e j a  e t  a l . ,  1980, L e d i c
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e t  a l . ,  1987) have r e p o r t e d  s i g n i f i c a n t  e f f e c t  of year 

of b i r t h  on li v e w e i g h t  of ca l v e s  at ages r a n g i n g  from 

60 to 120 days. T h e s e  r e s u l t s  are a t t r i b u t a b l e  to the 

s e l e c t i o n  goals in the d i f f e r e n t  herds, r e s u l t i n g  in 

d i f f e r e n t  g e n e t i c  trends, and to the e f f e c t  of y e a r l y  

f l u c t u a t i o n s  in general e n v i r o n m e n t a l  c o n d i t i o n s  on the 

m a te rn al e n v i r o n m e n t s  d u r i n g  the p r e - w e a n i n g  period.

2 . 4 . 2 . 2  S e a s o n  of B i r t h

S e a s o n  of b i r t h  had s i g n i f i c a n t  e f f e c t  on age of 

calf at 55 kg l i v e w e i g h t  in Sahiwal c a t t l e  (Mwandotto, 

1985). Other w o r k e r s  (Sacker e t  a J . ,  1971; Bhat e t
a t . ,  1982; M s a n g a  e t  a J . ,  1986; L e d i c  e t  a l . ,  1987) 

have r e p o r t e d  that s e a s o n  of b i r t h  has a s i g n i f i c a n t  

e f f e c t  on the l i v e w e i g h t  of c a l v e s  at ages r a n g i n g  from 

60 to 120 days. P a s t u r e  c o n d i t i o n s ,  as a f f e c t e d  by 

seas on al f l u c t u a t i o n s  in weather, may be the major 

factor c o n t r i b u t i n g  to seasonal i n f l u e n c e  of l i ve we ig ht 

of c a l v e s  b e c a u s e  ma t e r n a l  e n v i r o n m e n t  is a f f e c t e d  by 

feed a v a i l a b i l i t y  to the dam.

2 . 4 . 2 . 3  P a r i t y  or Age of Dam

Age of dam has b e en sh o w n  to have a high 

c o r r e l a t i o n  w i th p a r i t y  (Mosi, 1980). Ot he r w o r k e r s  

(Kholi e t  a l . ,  1961; S a c k e r  e t  a l . ,  1971; L e d i c  e t  a l . ,  
1987; Planas, 1987) have r e p o r t e d  a s i g n i f i c a n t

i n f l u e n c e  of p a r i t y  of the d a m s o n  l i v e w e i g h t  of ca l v e s  

at a g es of 60 to 120 days. Sa c k e r  e t  a l . . (1971) f ound
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that lightest c a l v e s  were p r o d u c e d  by 2 -year old dams 

w h i l e  h e a v ie r ca l v e s  were pr o d u c e d  by ol de r dams when 

c o n s i d e r e d  w i th r e s p ec t to calf li v e w e i g h t  at 60 to 1 2 0  
days of age. Th es e results are p a r t l y  due to the fact 

that maternal c a p a c i t y  to p r o v i d e  milk to the s u c k l i n g  

calf in cr ea se s w i t h  age or p a r i t y  of dam 

(P 1 a n a s , 1987).

2 . 4 . 2 . 4  Sex of Calf

Sex of calf has a s i g n i f i c a n t  i n f l u e n c e  on calf 

li ve we ig ht b e t w e e n  60 to 120 days of age (T ou chberry, 

1967; Sacker e t  a l . ,  1971; L e d i c  e t  a 1 . ,  1987). This is

a t t r i b u t a b l e  to the hormonal d i f f e r e n c e s  in the two 

sexes. G e n e r a l l y  male calves grow faster than female. 

T h is has b e en a t t r i b u t e d  to d i f f e r e n t i a l  rate of 

p r o t e i n  and other o r g a n i c  m a t t e r  s y n t h e s i s  in the two 

sexes: faster for males under a n d r o g e n  i n f l u e n c e  than

for females w h i c h  are p r e d o m i n a n t l y  un de r i n f l u e n c e  of 

e s t r o g e n s  (Bell e t  a l . ,  1970).

2.4.2.5 Calving Interval

M w a n d o t t o  (1985) reported s i g n i f i c a n t  i n f l u e n c e  of 

the p r e c e d i n g  c a l v i n g  interval on calf age at 55 kg 

liveweight. The p r e c e d i n g  c a l v i n g  interval forms part 

of the m a te rn al e f fe ct s on the g r o w t h  of the calf. 

Howe ve r, in beef p r o d u c t i o n  s y s t e m s  the e f f e c t  of the 

p r e c e d i n g  c a l v i n g  interval on the l i v e we ig ht of c u r r e n t  

c a l v e s  is c o n f o u n d e d  by w h e t h e r  the dam a c t u a l l y
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s u c k l e d  a calf in that interval. A longer p r e c e d i n g  

c a l v i n g  interval w i t h o u t  s u c k l i n g  a calf in that 

d u r a t i o n  would, ge ne ra ll y, c o n f e r  a good b o dy c o n d i t i o n  

to the dam w h i c h  w o u l d  e n s u r e  b e t t e r  pr e- n a t a l  and 

p o s t n a t a l  mate rn al e n v i r o n m e n t  to the c u r r e n t  calf 

(W i 1 1 h a m ,1972). However, if the dam s u c k l e d  a calf 

d u r i n g  the p r e c e d i n g  c a l v i n g  interval the s u c k l i n g  

s t i m u l u s  and the c o n c o m i t a n t  removal of milk from the 

u d d e r  w o u l d  result in a longer p e r i o d  of l a c t a t i o n  and 

longer lactational a n o e s t r u s  (H u n t e r ,1985), and, hence 

a longer p r e c e d i n g  c a l v i n g  interval a c c o m p a n i e d  by 

poor b o d y  c o n d i t i o n  of the dam c a u s e d  by the se ve re 

d r a i n  on d a m ’ s b o dy n u t r i e n t  r e s e r v e s  for f o r m a t i o n  of 

m i lk to s u p p o r t  that calf.

2 . 4 . 3  R e p e a t a b i l i t y  and H e r i t a b l l i t y

Trail e t  a (1971) r e p o r t e d  0 . 4 2  and 0 . 1 4  as 

r e p e a t a b i l i t y  and h e r i t a b i l i t y  e s t i m a t e s ,  re sp e c t i v e l y ,  

of l i v e w e i g h t  of c a l v e s  at 2 to 4 m o n t h s  of age. D a l t o n  

(1980) gave 0 . 42 as the a v e r a g e  of r e p e a t a b i l i t y  

e s t i m a t e s  r e p o r t e d  in t e m p e r a t e  c a t t l e  for l i v e we ig ht 

of c a l v e s  in the 2 to 4 m o n t h s  age range. However, 

h a r d l y  an y  e s t i m a t e s  of h e r i t a b l l i t y  of l i ve we ig ht 

of c a t t l e  at the a g es r a n g i n g  from 60 to 1 2 0 days 

as trait of the dam, have b e en reported.

♦
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2.5 P h e n o t y p i c .  G e n e t i c  and E n v i r o n m e n t a l  T r e n d s

2. 5 . 1  L a c t a t i o n  M l lk Yi e l d

L a c k  of pure d a i r y  b r e e d s  a m o n g  tropical c a t t l e  

an d  the general lack of milk r e c o r d i n g  f a c i l i t i e s  are 

larg el y r e s p o n s i b l e  for the lack of e s t i m a t e s  of 

p h e n o t y p i c ,  g e n e t i c  and e n v i r o n m e n t a l  tr en ds of milk 

p r o d u c t i o n  in th es e breeds. However, several w o r k e r s  

(Alim, 1960; M a h a d e v a n  and Marples, 1961; G a l u k a n d e  e t  
a l . ,  1962; Kimenye, 1978) have r e p o r t e d  p o s i t i v e

p h e n o t y p i c  tr en ds in milk p r o d u c t i o n  in tropical

cattle. P o s i t i v e  p h e n o t y p i c  tr e n d s  are e x p e c t e d  as 

s e l e c t i o n  in these tropical herds is in favour of high 

m i lk p r o d u c t  i on.

The e s t i m a t e s  of p h e n o t y p i c ,  g e n e t i c  and 

e n v i r o n m e n t a l  tr en ds may vary from one herd to a n o t h e r  

due to d i f f e r e n c e s  in locality, m a n a g e m e n t ,  br e e d  and 

s e l e c t i o n  o b j e c t i v e s  as has b e e n  o b s e r v e d  in the 

t e m p e r a t e  d a i r y  c a t t l e  ra i s e d  in the t r op ic s (Sadana 

and Tr ip a t h i ,  1986; R e ge and Mosi, 1987).

2 . 5 . 2  C a l v i n g  1 n t e r v a 1

P h e n o t y p i c  tr en ds in this trait are e x p e c t e d  to 

be n e g a t i v e  b e c a u s e  s e l e c t i o n  is in favour of a n i m a l s  

w i t h  short c a l v i n g  intervals. Howe ve r, p o s i t i v e  

p h e n o t y p i c  trends h a ve b e en r e p o r t e d  in tropical c a t t l e  

due to u n f a v o u r a b l e  f a c t o r s  s u ch as low a v a i l a b i l i t y  of 

p a s t u r e s  r e s u l t i n g  from ^overstocking a n d / o r  long dry 

p e r i o d s  and poor b r e e d i n g  m a n a g e m e n t  (Osman, 1972;
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K i me ny e, 1978; G r e g o r y  and Trail, 1981a). D e s p i t e  

these, it is p o s s i b l e  to a c h i e v e  n e g a t i v e  p h e n o t y p i c  

and g e n e t i c  trends in tropical c a t t l e  if the s e l e c t i o n  

and m a n a g e m e n t  o b j e c t i v e  is to s h o r t e n  c a l v i n g

i n t e r v a l s  as has b e e n  o b s e r v e d  in Gir c a t t l e  (O li ve ir a 

e t  a l . , 1986).

2 . 5 . 3  B i r t h  W e i g h t

Th e r e  are few r e p o r t e d  trend e s t i m a t e s  of b i r t h  

w e i g h t  in tropical cattle. However, M w a n d o t t o  (1986) 

has r e p o r t e d  a v e r y  low p h e n o t y p i c  trend in b i r t h  

w e i g h t  at NSS. In t e m p e r a t e  herds, g e n e t i c  trends 

c l o s e  to zero have been r e p o r t e d  (Elzo e t  a l . ,  1987) a 

re su lt of s e l e c t i o n  for low b i r t h  w e i g h t s  in these 

he rd s to re d u c e  c a l v i n g  d i f f i c u l t i e s  a s s o c i a t e d  with 

high b i r t h  weight.

2 . 5 . 4  Age at 55 kg L i v e w e i g h t

H a r d l y  any trend e s t i m a t e s  have b e en r e p o r t e d  

on this trait. M w a n d o t t o  ( 1 9 8 5 ) , h o w e v e r , o b s e r v e d  

p o s i t i v e  p h e n o t y p i c  tr en ds of ag e  at 55 kg l i ve we ig ht 

over the p e r i o d  1 9 6 4 - 1 9 8 1  at the NSS.

♦
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3.0 M A T E R I A L S  AN D  M E T H O D S

R e c o r d s  of cows kept at the Nati on al Sahiwal 

S t u d (N S S ),N a i v a s h a  o v er the p e r i o d  1 9 6 4 - 1 9 8 3  were 

u s ed in this study. D e t a i l e d  d e s c r i p t i o n  of the 

e n v i r o n m e n t ,  herd m a n a g e m e n t ,  f e e d i n g  and b r e e d i n g  

p r o g r a m m e  at NSS in the pe r i o d  1 9 6 4 - 1 9 8 3  has b e e n  given 

by M w a n d o t t o  (1985).

3.1 Envi r o n m en t

N a i v a s h a  area is c l a s s i f i e d  as e c o l o g i c a l  Zone IV 

(Pratt e t  a / . ,  1966). The natural v e g e t a t i o n  is

m o d i f i e d  S a v a n n a h  with few A c a c i a  s p .  trees, 

T a r c h o n a n t h u s  c o m p h o r a t u s  (Leleshwa) bushes, and low- 

lying b u s h e s  of so do m a p p l e  ( S o l a r i u m i n c a n u m ). The 

d o m i n a n t  grass s p e c i e s  is c o m m o n  star grass ( C y n o d o n  
s p p ) i n t e r s p e r s e d  w i t h  K i k u y u  grass ( F e r m i s e t u m
c 1a n d e s t i n u m )  and H a r p a c h n e  s c h i m p e r i  (wire grass). The 

annual r a i n f a l 1 r a n g e d  from 430 to 95 0  mm and the mean 

annual t e m p e r a t u r e  was 18*C in the s t u d y  period. The 

long rains ( M a r ch -M ay ) and the sh or t rains (O ct ob er - 

N o v e m b e r )  are the two s e a s o n s  w h i c h  a l l o w  v e g e t a t i v e  

growth. However, the r e p e a t a b i l i t y  of the rainfall in 

the two seasons, in a m o u n t  an d  d i s t r i b u t i o n ,  is very 

1 ow.

3. 2  H e rd M a n a g e m e n t  and F e e d i n g

The herd is m a n a g e d  e x t e n s i v e l y .  At any one time 

th e r e  are 4 0 0 - 5 0 0  cows. At birth, c a l v e s  are 

i m m e d i a t e l y  s e p a r a t e d  from the dam, e a r - t a t t o o e d  w i th
i

serial i d e n t i f i c a t i o n  nu m b e r  and put on b u c k e t  f e ed in g 

s y s t e m  as the p o l i c y  is not to s u c k l e  them. C o l o s t r u m
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is fed for the first 4 days of life. All li v e w e i g h t  

ar e  taken at the w e i g h  b r i d g e  w e e k l y  in the interval 

from b i r t h  to 55 kg l i v e w e i g h t  and two times ev e r y  

m o n t h  in the interval of 55 to 125 kg liveweight. At 

125 kg liveweight, .calves are d r a f t e d  a c c o r d i n g  to sex 

into yo u n g  bull and he if er he rd s m a n a g e d  on natural 

p a s t u r e  w i t h o u t  feed s u p p l e m e n t a t i o n  e x c e p t  mineral 

licks. B e t w e e n  125 kg li v e w e i g h t  to 24 m o n t h s  of age, 

b u l l s  are w e i g h e d  o n ce e v e r y  m o n t h  but h e i f e r s  are 

w e i g h e d  only at 27 m o n t h s  of age (bul li ng age).

However, in the p e r i o d  1970-1983, the sy s t e m  

c h a n g e d  to f e e d i n g  w h o l e  milk from the age of 5 days to 

5 5 kg liveweight, f o l l o w e d  by c o n c e n t r a t e  calf feed 

from 55 to 125 kg liveweight. The m i l k i n g  herd is 

u s u a l l y  g r a z e d  a h e a d  of the dry herd in the r o t a t i o n  

system. All anim al s, e x c e p t  v e ry y o u n g  calves, are 

a l l o w e d  to graze for 24 hours. The cows are fed ground 

hay mi x e d  w i th a c o m m e r c i a l  d a i r y  meal d u r i n g  milking.

A l t h o u g h  in the y e a r s  b e f o r e  1973 cows p r o d u c i n g  

g r e a t e r  than 5 kg of m i lk per day w e re s u p p l e m e n t e d  

w i t h  d a i r y  meal feed, this p r a c t i c e  s t o p p e d  in 1973. 

All he rd s are o f f e r e d  mineral salt licks tw ic e monthly.

R o u t i n e  v a c c i n a t i o n ,  d e w o r m i n g  of yo u n g  s t o c k  and

general t r e a t m e n t  is done by a r e s i d e n t  v e t e r i n a r y

s u r g e o n  or his a s s i s t a n t s .  The herd is bred t h r o u g h  AI

an d  heat d e t e c t i o n  is done by t r a i n e d  AI te ch ni c i a n s .

C o ws are h a n d - m i l k e d  twice d a i l y  w i t h o u t  calf at foot,

and milk y i e l d s  r e c o r d e d  on K e n y a  Milk R e c o r d  (KMR)

sheets. R e c o r d s  i n cl ud e m i l k  yield, p e d i g r e e

i n fo rm at io n, AI s e r v i c e  records, health, d i sp os al and
*

li ve weights. In-calf h e i f e r s  and cows enter the m i l k i n g  

herd two m o n t h s  b e f o r e  c a l v i n g  for s t e a m i n g  up.
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3. 3  B r e e d i n g  P r o g r a m m e

D e t a i l s  of the d e v e l o p m e n t  of the NSS have been 

d e s c r i b e d  e l s e w h e r e  ( (Meyn and Wilkins, 1974). The 

b r e e d i n g  plan, sh o w n  in F i g u r e  1, was d r a w n  by M a s o n  

(1965) and i m p l e m e n t e d  in 1968 (Meyn and Wilkins, 

1974). The b r e e d i n g  p r o g r a m m e  has the main e m p h a s i s  on 

m i l k  p r o d u c t i o n  a l t h o u g h  beef c h a r a c t e r i s t i c s  were 

i n c 1u d e d .
The best 50% of h e i f e r s  c o m p l e t i n g  first la ct at io n 

are s e l e c t e d  on the ba si s of their first la ct at io n 

records. Further, the best 50% of them are s e l e c t e d  on 

the b a s i s  of the s e c o n d  l a c t a t i o n  milk y i e l d  records. 

T h e s e  cows re m a i n  in the herd as r e p l a c e m e n t s  of those 

e l i t e  cows c u l l e d  on the b a s i s  of c h r o n i c  m a s t i t i s  

pr ob le ms , a c c i d e n t s ,  old age and f e r t i l i t y  p r o b l e m s  

s u ch as long c a l v i n g  intervals.

At an y  one time there ar e  180 to 200 e l i t e  cows. 

T h e s e  cows are u s ed as b u l 1 dams to p r o d u c e  75 to 80 

two y e a r - o l d  b u l l s  out of w h i c h  the best 15 are 

s e l e c t e d  on the ba s i s  of the index:

I = b 1G D + b 2G g + b 3Gp

W h e r e  Gp

G S

G P

e s t i m a t e d  b r e e d i n g  va lu e (EBV) of dam of
*w

c a n d i d a t e  bull for milk p r o d u c t i o n  

e s t i m a t e d  from own r e co rd s

EBV of sire of c a n d i d a t e  bull for milk 

p r o d u c t i o n  e s t i m a t e d  by c o n t e m p o r a r y  

c o m p a r i s o n

EBV of c a n d i d a t e  bull for l i v e w e i g h t  at 2
t

y e a r s  of age,* p e r f o r m a n c e  te st ed on pasture, 

w e i g h t i n g  f a ct or s of the index for theb 1 » b 2 , b 3
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3 r e s p e c t i v e  s o u r c e s  of information.

The w e i g h t i n g  f a c t o r s  (b's) of the index are e s t i m a t e d  

as f o i l o w s .

2
b l = b 2 *. wm h n and 

b3 = ^wh w

W h e r e  Um = gross m a r g i n  per a d d i t i o n a l  k i l o g r a m

of milk produced.

W w = gross m a r g i n  per k i l o g r a m  l i v e we ig ht 

for a b u l 1 at 2 ye a r s  of age.
2

h n = h e r i t a b i l i t y  of milk y i e l d  for n 

la c t a t i o n s  per animal.
2

h w = h e r i t a b i l i t y  of l i v e w e i g h t  of bu l l s  

at 2 y e a r s  of age.

The gross m a r g i n s  per a d d i t i o n a l  unit of 

p r o d u c t i o n  e s t i m a t e d  from NSS data are the e c o n o m i c  

p a r a m e t e r s  u s ed in the c o n s t r u c t i o n  of the index. The 

v a l u e s  of g e n e t i c  p a r a m e t e r s  a s s u m e d  in the 

c o n s t r u c t i o n  of the s e l e c t i o n  index c u r r e n t l y  in use at 

NS S  w e re b a s e d  on v a l u e s  r e p o r t e d  in li t e r a t u r e  

(Mason, 1965) and are:

R e p e a t a b i l i t y  of milk y i e l d  = 0.6,

H e r i t a b i l i t y  of first l a c t a t i o n  milk y i e l d  = 0.3, 

H e r i t a b i l i t y  of l i v e w e i g h t  of b u l l s  at 2 y e a r s  of 

ag e  = 0.3, the c o r r e l a t i o n  b e t w e e n  milk y i e l d  of cows 

and the l i v e w e i g h t  of b u l l s  at 2 ye a r s  of age = 0 .

The best 15 b u l l s  s e l e c t e d  u s i n g  the s e l e c t i o n  

index are f u r t h e r  s u b j e c t e d  to s e l e c t i o n  to on the
i

ba s i s  of the " b r e e d  labeT" c h a r a c t e r i s t i c s  of the 

Sahi wa l breed, such as t r u e n e s s  to co l o r  of the breed,
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c o n f o r m a t i o n  of the bull and the d a m ’s ud de r s h a p e  and 

teat size. At least 3 bu ll s ar e  e l i m i n a t e d  on this 

b a s i s  and a f u r t he r 2 to 3 b u l l s  are e l i m i n a t e d  on the 

ba si s of s e m e n  c h a r a c t e r i s t i c s .

The r e m a i n i n g  10 b u l l s  are then e n r o l l e d  into the 

p r o g e n y  test pr o g r a m m e .  Th ei r se m e n  is co ll ec te d, 

p r o c e s s e d  and st o r e d  at the Cent ra l A r t i f i c i a l  

I n s e m i n a t i o n  Centre, Kabete. This se m e n  is u s ed in a 

test herd at NSS, c o n s i s t i n g  of h e i f e r s  and first 

c a l v e r s  of ab o u t  40 0  females. The a l l o c a t i o n  of the 

f e m a l e s  to the bull on test is d o ne r a n d o m l y  wh i l e  

e n s u r i n g  that the bull is not c l o s e l y  r e l a t e d  to the 

fe m a l e  mates. At the end of the p r o g e n y  test o n ly 2 

b e st b u l l s  are s e l e c t e d  and sent to the Central 

A r t i f i c i a l  I n s e m i n a t i o n  S e r v i c e  for p r o d u c t i o n  of se me n 

for use in the e l i t e  herd or for sale loca ll y and 

abroad. The b u l l s  are 6 to 8 ye ar s of age at the end of 

the test. M a l e  c a l v e s  born In the test herd are a l w a y s  

sold or s l a u g h t e r e d  at b i r t h  but the fe ma le c a l v e s  are 

kept up to the end of their first la ct a t i o n  w h e n  they 

are s e l e c t e d  on the ba si s of their milk yields.

3.4 D a ta P r e p a r a t i o n

The data for the st u d y  p e r i o d  (1 96 4 - 1 9 8 3 )  were 

e x t r a c t e d  from the NSS d a ta into s p e c i a l l y  p r e p a r e d  

r e c o r d  sheets. Th e  i n f o r m a t i o n  co de d d i r e c t l y  were 

a n i m a l ’s pe di gree, d a te of b i r t h  or calving, b i r t h  

weight, sex, and p a r i t y  of cow at calving, age of 

animal at 55 kg liveweight, la ct a t i o n  m i lk yield, 

l a c t a t i o n  length and c a l v i n g  interval. Th e  c o d e d  data 

w e re v e r i f i e d  and p u n c h e d  into c o m p u t e r  by use of the 

d a ta c a p t u r i n g  m a c h i n e s  at the L i v e s t o c k  R e c o r d i n g
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C e n t r e  (LRC), Naivas ha . The d a ta were f u r t he r e d i t e d  

at the G o v e r n m e n t  C o m p u t e r  S e r v i c e s  C e n t r e  (Nairobi) 

from w h e r e  they were co p i e d  o n to 5 . 2 5 "  d i s k e t t e s  in 

r e a d i n e s s  for a n a l y s i s  on IBM pc at the D e p a r t m e n t  of 

Animal P r o d u c t i o n , U n i v e r s i t y  of Nairobi.

S e a s o n  of c a l v i n g  or b i r t h  was a d e r i v e d  v a r i a b l e  

from date of b i r t h  or d a te of calving. T h e r e  were three 

c a l v i n g  s e a s o n s  d e f i n e d  as: long rains (March-May),

short rains (O c t o b e r - N o v e m b e r ) and dry p e r i o d  (the rest 

of the year). For l a c t a t i o n  m i lk yield, b i r t h  w e i g h t  

and age at 55 kg l i v e w e i g h t  (AGE55), p a r i t y  s u b c l a s s e s  

w e re d e f i n e d  as 1st to 5t h  la ct a t i o n  n u m b e r s  and the 

6 th l a c t a t i o n  n u m b e r  and a b o v e  were lumped into one 

subclass. For c a l v i n g  interval p a r i t y  s u b c l a s s e s  were 

2 nd to 7th la ct a t i o n  n u m b e r s  and the 8 th la ct a t i o n  

n u m b e r  and a b o v e  w e r e  lumped into one subclass.

B i r t h  w e i g h t  and A G E 5 5  w e re r e g a r d e d  as tr a i t s  of 

the dam. The e a r l i e s t  r e c o r d s  w e re in 1964 and the 

latest in 1983, The s t r u c t u r e  of the d a ta a n a l y s e d  for 

the four tr ai ts in this st ud y is set out in T a b l e  5.

3. 5 S t a t i s t i c a l  A n a l y s e s

Data were s o r t e d  a c c o r d i n g  to k n o w n  s o u r c e s  of 

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

(traits) of the study. The general m i x e d  model used in 

the a n a l y s e s ,  in m a t r i x  n o t a t i o n  was

y. = Xb + Zu + e

w i th d a u g h t e r s  (cows) n e s t e d  w i t h i n  sires.

W h e r e  X = i n c i d e n c e  ma t r i x  for fi xe d e f f e c t s

Z = i n c i d e n c e  m a t r i x  for r a n d o m  e f f e c t s  due to

cows (dams) and sires
JNlVtKSiTr, 0 r NAIROBI 

UBRAKV



3 6

b. = u n k n o w n  vector of fixed e f f e c t s  

u = u n k n o w n  v e c t o r  of r a n d o m  e f f e c t s  due to 

c o w s ( d a m s )  and sires 

y_ = ve c t o r  of k n o w n  d e p e n d e n t  v a r i a b l e s  

e = v e c t o r  of the ra nd om er ro r e f f e c t s

w i th

X. " ~Xb “ ” Z G Z ’ + R ZG R "

u = ô and Var u = G Z ’ G 0
e o i- a . _ R 0 R _

W h e r e  G = Var (u_) = v a r i a n c e  - c o v a r i a n c e  m a t r i x  of 

r a n d o m  e f f e c t s  (sire and cow)

R = Var (ê ) = v a r i a n c e - c o v a r i a n c e  m a t r i x  of 

the residual effects.

W i t h  the two r a n d o m  e f f e c t s  in a n e s t e d  d e s i g n  Z and u 

can be p a r t i t i o n e d  as:

Z = ( Zj , Z2 ) ; u» (U* 1 , u’ 2 >
Whe r e uj = u n k n o w n ve ct or 0 f ra nd om sire e f f e c t s

U 2 = u n k n o w n vector of ra nd om d a u g h  te r ( c o w )

e f f e c t s
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T a b 1e 5: D a t a  s t r u c t u r e  for the 3 0 5 - d a y  Milk 

(MY), C a l v i n g  Interval (Cl), B i r t h  

(BW) and Age at 55 kg L i v e w e i g h t  

stud ies.

Yi el d 

We i g h t  

(A G E 5 5 )

I tern MY BW
/

Cl AG E5 5

Total o b s e r v a t i o n s 4 8 37 4272 4 8 37 3544

N u m b e r  of c o w s (C ) 1963 1694 1963 1676

N u m b e r  of s i r e s (S ) 175 154 175 161

Y e a r s  (196 4- 19 83 ) 2 0 2 0 2 0 2 0

S e a s o n s 1,2,3 1,2,3 1,2,3 1,2,3

Par i t i es 1 , . . , > 6 2 CD 1 , . . , > 6 1 , . . , >6

Sex of calf - 1 , 2 1 , 2 1 . 2

Sex: 1 = Male, 2 = F e m a 1e ; S e a s o n s : 1 = L o ng Rains

2 Shor t rains, 3= R e st of the year
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7.\ - i n c i d e n c e  ma t r i x  of ra n d o m  sire e f f e c t s  

Z2 = i n c i d e n c e  ma t r i x  of ra n d o m  co w  effects. 

U n d e r  the a s s u m p t i o n s  of the model the v a r i a n c e  

c o v a r i a n c e  m a t r i c e s  for the r a n d o m  e f f e c t s  w e r e  d e f i n e d  

as:

G

" o s 2 0 

0 I oc 2
and R 1 oe 2

Wh e r e °s2 = sire va r i a n ce c o m p o n e n t

Oc2 = cow va r i a n ce c o m p o n e n t

II
CMto1 error var iance c o m p o n e n t

Initial e x a m i n a t i o n  of the fixed e f f e c t s  

i n f l u e n c i n g  e a c h  of the four traits in this st u d y  was 

done by f i t t i n g  c o m p l e t e l y  fixed models. The mi xe d 

model e q u a t i o n s  w h i c h  w e re so l v e d  for the B e st Li ne ar 

U n b i a s e d  E s t i m a t e s  (BLUEs) and the Best L i n e a r  U n b i a s e d  

P r e d i c t i o n s  (BLUPs) w h i c h  are s o l u t i o n s  of the fixed 

an d  ra n d o m  effects, r e s p e c t i v e l y  ,are p r e s e n t e d  in 

general m a t r i x  n o t a t i o n  as f o l l o w s : -

X ’X X ’Z 1 X ’Z 2 b " x ’n

Z t ’X Z 1 ’Z 1+ I k 2 Z 1 ’Z 2 —1 - z r x

Z 2 ’X Z 2 ’Z! Z 2 ’Z 2 + I k 2
" 2 _

Z 2 'y.

2 2 2 2 
W h e r e  kj = oe / os and l<2 = oe /  0Q
The a s s u m e d  v a l u e s  of k^ and k2 and the h e r i t a b i l i t y  

and r e p e a t a b i l i t y  v a l u e s  used in their c a l c u l a t i o n  are 

set out in T a b l e  6 .

Due to the large si ze s of Zj and Z2 , it was not
♦

p o s s i b l e  to s t o r e  the Left Hand S i de (LHS) m a t r i c e s  nor 

was it p o s s i b l e  to invert th es e m a tr ic es . To solve



3 9

this problem, sire and cow e f f e c t s  w e re a b s o r b e d  into 

the fixed e f f e c t s  w h i l e  the r e q u i r e d  i n f o r m a t i o n  for 

b a ck s o l u t i o n s  was st o r e d  in s e p a r a t e  files. The 

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

a c c o r d i n g  to S z k o t n i c k i  e t  a l .  (1978).

The r e p e a t a b i l i t y  of m i lk y i e l d  was a s s u m e d  to 

be 0 . 4 5  si nc e it is the m e an of th os e general ly 

r e p o r t e d  in the o t h e r  tropical c a t t l e  (Table 2). The 

m a x i m u m  l i k e l i h o o d  (ML) e s t i m a t i o n  of v a r i a n c e  

c o m p o n e n t s  was p e r f o r m e d  a c c o r d i n g  to S c h a e f f e r  (1976) 

as d e s c r i b e d  below.

oe 2 = [ y.’ - b X ’y. - U j Z j ’y. - y.2z 2 ’X.3/n

2 2
os = [ u_i ’ ui + Oe tr ac e (T ji )] /P g

2 2
°c = £ y.l’y.2 + ae trace (T2 2 )3 / Pc

♦
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whe r e “ u T 12 Z 1 ’ Z 1 + Ik x 2 1 , 2 2

t 21 t 2 2 _ 2 2 ’ 2 1 Z 2 ’ 2 2 + Ik2
W h e n  cows are n e s t e d  w i t h i n  si re s the e x p e c t a t i o n s  of 

the v a r i a n c e  c o m p o n e n t  e s t i m a t e s  are as follows.

E ( °s2 ) = 0. 25 °A2

E ( a c 2 ) = ( °G2 + ap E 2 ) - os 2

2 2 
E ( o e z ) = aT E z

w h e r e  the s u b s c r i p t s  ar e: - 

A = A d d i t i v e  g e n e t i c  

G = Total g e n e t i c  

PE = P e r m a n e n t  e n v i r o n m e n t a l

TE = T e m p o r a r y  e n v i r o n m e n t a l

He n c e  the e s t i m a t i o n  of h e r i t a b i l i t y  and r e p e a t a b i l i t y  

w e re done as follows:

2 2 2
h = 4 °s /  op

2 2 2 
r = ( °s + °c > / °p

n 2 2  ̂ 2 2 
and °p = os + oc + oe

The e s t i m a t e d  b r e e d i n g  va l u e  (EBV) of a cow was 

c a l c u l a t e d  as the sum of her s i r e ’s e s t i m a t e d

t r a n s m i t t i n g  a b i l i t y  (ETA), w h i c h  e q u a l s  the s i r e ’s 

solution, and the f r a c t i o n  of the cow s o l u t i o n  that is 

genetic. The f r a c t i o n  of the cow v a r i a n c e  that is
o

g e n e t i c  is 0 . 7 5 h  /ir - ?).25h ] (Henderson, 1973). Wh er e
2

r = r e p e a t a b i l i t y  and h = h e r i t a b i l i t y .
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T a b l e  6 : The V a l u e s  of kj , i<2 , h e r i t a b i l i t y  (h2 ), and 

r e p e a t a b i l i t y  (r) used in the M i x e d  Model 

Ana lyses

C h a r a c t e r r h 2 •<1 k 2

3 0 5 - d a y  Milk Y i e l d 0. 45 0. 25 6 . 29 1

Ca 1 vi ng I n t e r v a 1 0 . 18 0.05 13.39 1

B i r t h  W e i g h t 0. 37 0. 30 3. 65 1

AG E5 5 0. 31 0. 23 4. 40 1

♦
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This formula was simplified to 3 k 2 /^ 1 ar|d used in this 

study. Thus the cow EBVs were calculated as:

E B V c q w  = E T A s j re + C3k2/l<i x Cow solution]

The annual c h a n g e  in p h e n o t y p i c  and g e n e t i c  

c o m p o n e n t s  w e re e s t i m a t e d  r e s p e c t i v e l y  by a v e r a g i n g  the 

r e c o r d s  and c o w s ’ EBVs w i t h i n  year of c a l v i n g  or b i r t h  

( d e p e n d i n g  on the traits) and r e g r e s s i n g  the a v e r a g e s  

on year. The annual c h a n g e  in e n v i r o n m e n t a l  c o m p o n e n t  

was c a l c u l a t e d  by d i f f e r e n c e  b e t w e e n  the a v e r a g e s  of 

r e c o r d s  and the c o w s ’ EBVs w i t h i n  year and r e g r e s s i n g  

on year. The s t a n d a r d  e r r o r s t S . E . ) of the g e n e t i c  

p a r a m e t e r s  w e re c a l c u l a t e d  a c c o r d i n g  to B e c k e r  (1967)

S.E. (h2 )

W h e r e

n.= total nu mb er of d a u g h t e r s  (cows)

nj = n u m b e r  of d a u g h t e r s  of ith sire 

t = 0 . 25 h2
S = total nu mb er of sires

k = [S - ( I n i2 ) / n I ]/[S-l]

and

S.E. (r) 2 ( m . - 1 ) (l-r)2 C l + ( k 1 - l ) r ] 2

kj2 f m . - C X C - D
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Wh e r e  C = total nu m b e r  of cows

= n u m b e r  of o b s e r v a t i o n s  on ith cow 

m. = total nu m b e r  of o b s e r v a t i o n s  

= C m . - ( Z m i 2 ) / m i 1 / E C - l ]
M e an s q u a r e s  of the fixed e f f e c t s  in the a n a l y s i s  

of v a r i a n c e  w e r e  te st ed a g a i n s t  that of the residual. 

Te s t s  of s i g n i f i c a n c e  of e s t i m a t e s  of trends were 

b a s e d  u p o n  the s t a n d a r d  e r r o r s  of the c o r r e s p o n d i n g  

r e g r e s s i o n  c o e f f i c i e n t s .

♦
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4.0 R E S U L T S  AN D  D I S C U S S I O N

Means, s t a n d a r d  errors, s t a n d a r d  d e v i a t i o n s  and 

c o e f f i c i e n t s  of v a r i a t i o n  of the tr ai ts s t u d i e d  are 

p r e s e n t e d  in T a b l e  7. The r e s u lt s of the a n a l y s e s  of 

v a r i a n c e  and least s q u a r e s  c o n s t a n t  e s t i m a t e s  of 

f a ct or s a f f e c t i n g  these tr ai ts are p r e s e n t e d  in Ta b l e s  

8 and 9, r e s p e c t i v e l y .

4. 1 Milk Yi el d

4.1.1 M e a n s  and V a r i a t i o n s

The e s t i m a t e d  m e an milk y i e l d  (1662 +_ 8.3 kg) is 

c o m p a r a b l e  to th os e r e p o r t e d  in ot he r Sahiwal herds 

but, as expected, is m u ch hi gh er than th os e r e p o r t e d  in 

most of the i n d i g e n o u s  A f r i c a n  Z e b u  cattle. However, 

the milk y i e l d s  at NSS can be i n c r e a s e d  c o n s i d e r a b l y  

t h r o u g h  i m p r o v e d  f e e d i n g  because, d u r i n g  p e r i o d s  of 

high q u a l i t y  pastur es , some cows a c h i e v e d  milk y i e l d s  

hi g h e r  than the m e a n  found in this s t u d y  (Table 7). 

In ad di tion, if the v a r i a t i o n  is largely g e n e t i c  then 

it w o u l d  p r o v i d e  sc o p e  for selection.

The 3 4 . 4 %  c o e f f i c i e n t  of v a r i a t i o n  of milk y i e l d  

is c o m p a r a b l e  to th os e r e p o r t e d  in Sahi wa l in India 

and the ot he r tropical c a t t l e  b r e e d s  (Table 1) but 

larger than th os e r e p o r t e d  in E u r o p e a n  d a i r y  ca t t l e  

ra i s e d  in East A f r i c a  (Kiwuwa, 1973; L i n d s t r o m  and 

Solbu, 1978). The h i gh v e r i a t i o n  in milk y i e l d  found 

in this s t u d y  is a t t r i b u t a b l e  to the e r r a t i c  c h a n g e s  in
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Table 7: Means (+_ S E) ,  Standard Dev ia t i ons  (SD) and C o e f f i c i e n t s

of  Va r i a t i o n  (CV) of  Milk Y i e l d ,  Calv ing In t e rv a l ,  Bi r th

Weight and AGE55.

T r a i t s Means +_ SE SD CV<%)

305-day Mi Ik

Y i e l d  (kg ) 1662+8.3 572.2 34.4

Calv ing Inte rva l  (d) 426.2+1.5 99.27 23.3

Bi r th Weight (kg) 22.7+0.04 2. 76 12.2

AGE55 (d) 97.8+0.7 39.9 40.8

d = day kg = k i1ogramme
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c h a n g e s  In herd m a n a g e r s  over the years.

4. 1.2.2 Pari tv

P a r i t y  of co w  at c a l v i n g  had a h i g h l y  s i g n i f i c a n t  

CpC.Ol) e f f e c t  on milk yield. M i l k  y i e l d  in cr e a s e d  

s t e a d i l y  up to 4th la ct a t i o n  and d e c l i n e d  d r a s t i c a l l y  

in s u b s e q u e n t  lactations. In general, the c a p a c i t y  of 

y o u n g  cows to p r o d u c e  milk is limited b e c a u s e  udder 

d e v e l o p m e n t  is i n c o m p l e t e  c o m p a r e d  to m a t u r e  cows.

In ad di ti on , w h i l e  y o u n g  cows have to p r o v i d e  for 

n u t r i t i v e  r e q u i r e m e n t s  for their own growth, 

m a i n t e n a n c e  and l a c t a t i o n  from the feed av ai la bl e, 

m a t u r e  cows have o n l y  to p r o v i d e  for the n u t r i t i v e  

r e q u i r e m e n t s  for m a i n t e n a n c e  and lactation. Th e s e  

e x p l a i n  the p o s i t i v e  i n c r e a s e  in milk y i e l d  from 1st to 

4th parity. Cows in p a r i t i e s  b e y o n d  4th had lower milk 

yield. It is p o s s i b l e  that s e l e c t i o n  a g a i n s t  long 

c a l v i n g  interval, and c h r o n i c  m a s t i t i s  cases, rather 

than for m i lk yield, a m o n g  ol de r cows (beyond 4th 

parity) may be r e s p o n s i b l e  for the low milk yields. 

S a c k e r  e t  a l . (1971) have r e p o r t e d  that the ol d e r  cows, 

due to their r e d u c e d  a b i l i t y  to m o ve over a wi de r area 

to gr a z e  un de r e x t e n s i v e  g r a z i n g  ma na g e m e n t ,  

e x p e r i e n c e  a b r e a k d o w n  in b o dy c o n s t i t u t i o n .  E x t e n s i v e  

g r a z i n g  m a n a g e m e n t  is p r a c t i s e d  at NSS. T h e r e f o r e  the 

e x p l a n a t i o n  a d v a n c e d  by S a c k e r  e t  a l . (1971) may also 

a p p l y  to the c a u s e  o£ d e c r e a s e  in milk p r o d u c t i o n  o f  
o l d e r  cows in this study.
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Table  8 :Ana l ys i s  of  Var iance f o r  Milk Y i e l d ,  Calv ing In t e r va l ,  Bi r th 
Weight and AGE55.

Source Mi lk 

DF

Y i e l d  

MS x 104

Calv ing

DF

i n t e r v a 1 

MS x 103

Bi r th  weight 

DF MS

AGE55

DF MS x 102

Year 19 227.6 »* 19 44.3 ** 19 22.7 »* 19 400 » »

Season 2 3. 1 NS 2 3.0 NS 2 0.9 NS 2 66 »*

P a r i t y 5 178.6 M 5 5.3 NS 5 69.2 ** 5 12 *

Sex 1 51.2 ** 1 3137.9 ** 1 367.68 **

Res i dua1 4810 20.3 4243 7.2 4809 404 3516 5.4

DF=Degrees of freedom; MS= Mean Square; # = Si gni f  i cant (p<. 05) ;  * * =
Highly S i g n i f i c a n t  ( p<.01)  and NS = N o n - s i g n i f i c a n t (p>.05)

♦
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Table 9: Least Squares Constant Estiiates ( + S.E.) of the Fixed
Effects for the Four Traits.

Fixed Effects 305-day Hi Ik 
Yield 
(kg)

Calving
Interval
(d)

Birth Weight 
(kg)

AGE55
(d)

Year of Calvin*

1964 b 0 + 0 0 ♦ 0 0 + 0 0 ♦ 0
1965 -66.52*2.14 6.66*0.54 -0.15+0.01 2.86*0.08
1966 -78.8314.14 2.49*0.98 -0.09*0.02 2.48*0.13
1967 -30.05 15.10 20.73*1.14 -0.14*0.03 5.21*0.12
1968 95.06*3.89 21.87*0.83 0.04*0.02 10.80*0.07
1969 174.99*2.70 38.68*0.57 0.11*0.02 7.91*0.06
1970 242.74*2.53 51.54*0.44 0.01+0.01 27.87*0.02
1971 199.26*4.08 17.33*0.82 -0.00+0.02 37.41*0.01
1972 255.16+4.10 19.33+0.84 0.00*0.02 37.75*0.02
1973 147.66*5.43 6.49*1.08 -0.04*0.03 41.94*0.16
1974 85.10+6.67 15.42+1.30 -0.02+0.03 55.80*0.18
1975 24.94+7.52 26.83M.47 -0.06+0.04 57.30*0.19
1976 -110.89+6.39 29.72+1.29 0.11*0.03 54.96*0.25
1977 56.38+7.01 60.75*1.47 0.06+0.04 64.26*1.75
1978 15.41*7.40 34.99*1.39 0.06*0.04 71.52*0.18
1979 77.76*6.42 69.26*1.18 0.15*0.03 59.45*0.13
1980 -73.14*6.53 62.82*1.30 0.10*0.04 79.23+0.06
1981 -229.06*3.83 60.44*0.84 -0.05+0.02 95.29*0.74
1982 -199.72*4.49 46.65+1.15 -0.01*0.03 83.33*0.99
1983 -265.96*83.03 25.43+16.55 -0.26t0.38 92.24*6.76

Season of Birth

Narch-Nay (1) -5.05H8.77 1.51+3.76 -0.01*0.08 2.25*1.17
October-Nov. (2) 8.90*21.97 3.92+4.41 0.06*0.10 6.84*1.40
Rest of year (3)b 0*0 0+0 0+_0 0j0

Sex of Calf

Nale (1) - -8.31+3.12 1.99*0.07 -8.76*1.07
Feiiale (2)b 0+0 oio 0+0

Parity of Da«

1 120.23+33.64 - -1.02*0.15 -2.82*2.07
2 130.12*26.88 7.03+6.98 -0.30*0.12 -2.21*1.64
3 131.07*26.95 2.56+6.97 -0.16t0.12 -3.03*1.65
4 169.63*27.05 0.55+6.95 0.26*0.12 1.64*1.64
5 67.93*27.76 1.70+7.04 0.12*0.12 -1.92+1.73
>6b 0+0 -4.18+7.22 0*0 0+0
7 -2.74+7.64
>8b 0+0

b=Base (or zero level) for the subclass of Fixed Effects
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4 . 1 . 2 . 3  S e a s o n  of C a l v i n g

A l t h o u g h  s e a s o n  of c a l v i n g  did not have a 

s i g n i f i c a n t  (p>.05) i n f l u e n c e  on m i lk yields, cows that 

c a l v e d  in the sh or t rainy s e a s o n  (O c t o b e r - N o v e m b e r ) had 

the h i g h e s t  m i l k  y i e l d s  ( 1 6 7 1 + 2 1.97kg) w h i l e  those that 

c a l v e d  in the long rains s e a s o n  (Mar ch -M ay ) had the 

lowest ( 1 6 5 6 . 9 5 1 1 8 . 7 7 k g ) (Table 9).

The long r a i n y  s e a s o n  c o v e r s  a short time (2 

months), but it r e p r e s e n t s  the w e t t e s t  period. This 

r e s u l t s  into good p a s t u r e s  in the e n s u i n g  period, 

t h e r e b y  b e n e f i t i n g  cows c a l v i n g  in the s u b s e q u e n t  dry 

p e r i o d  and the s h o r t  rains ra t h e r  than those c a l v i n g  in 

the long rainy season. This is b e c a u s e  most cows wh ic h 

c a l v e  in the long rains have o n ly a small part of the 

l a c t a t i o n  s u p p o r t e d  by the high q u a l i t y  pastur es . A 

larger c o m p o n e n t  of their l a c t a t i o n  p e r i o d  o c c u r  in the 

s u b s e q u e n t  dry p e r i o d  and the short rains. On the other 

hand, a n i m a l s  w h i c h  c a l v e  late in the year (dur in g the 

short rains) take a d v a n t a g e  of the s u b s e q u e n t  long 

rains w h i c h  will m o st likely c o m e  d u r i n g  their peak 

lactation. It is, th er ef or e, a d v i s a b l e  that cows wh ic h 

c a l v e  in the long rains s h o u l d  be s u p p l e m e n t e d  with 

h i gh q u a l i t y  fo dd er so as to s u s t a i n  their milk y i e l d s  

at the levels s i m i l a r  to those c a l v i n g  in the ot he r 

s e a s o n s  of the year.
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4. 2 C a l v i n g  Interval

4.2.1 M e a n s  and V a r i a t i o n s

The m e a n  c a l v i n g  interval (426.2 +_ 1.5 days) is, 

in general, s h o r t e r  than those r e p o r t e d  in the Sahiwal 

herds in India but longer than those r e p o r t e d  in the 

same b r e e d  in K e n y a  as well as those r e p o r t e d  in the 

i n d i g e n o u s  A f r i c a n  cattle. H o we ve r, it s h o u l d  be noted 

that most of the he rd s r e p o r t e d  to have s h o r t e r  c a l v i n g  

i n t e r v a l s  were bred t h r o u g h  natural s e r v i c e  and were 

ra i s e d  at g o v e r n m e n t  i n s t i t u t i o n s  and r e s e a r c h  s t a t i o n s  

w i th herd sizes of less than 30 0  cows. The small herd 

sizes e n a b l e  g r e a t e r  a t t e n t i o n  to individual cows and 

h e n c e  a hi g h e r  f e e d i n g  and b r e e d i n g  e f f i c i e n c y .  The 

m a g n i t u d e  of the c a l v i n g  interval found in this s t u d y  

is less than 14 m o n t h s  and is, th er ef or e, w i t h i n  the 

limits of th os e r e p o r t e d  in he rd s ra i s e d  un d e r  good 

h u s b a n d r y  c o n d i t i o n s  (Mahadevan, 1966).

The c o e f f i c i e n t  of v a r i a t i o n  (23.3%) of the 

c a l v i n g  interval is c o m p a r a b l e  to those r e p o r t e d  in the 

Sahiwal b r e e d  but hi g h e r  than those r e p o r t e d  in the 

Nganda, East A f r i c a n  Zebu and A n k o l e  c a t t l e  (Table 3). 

The v a r i a t i o n  of the c a l v i n g  i n t e r v a l s  found in this 

st u d y  is, to a large extent, a t t r i b u t a b l e  to 

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

e s t i m a t e s  of c a l v i n g  i n t e r v a l s  are g e n e r a l l y  near zero. 

A n o t h e r  c a u s e  m a y  be the v a r i a t i o n  in the ef fi ci e n c y  o f 

the AI s e r v i c e  over t h e * p e r i o d  c o v e r e d  in this st ud y 

( N A H R S - A n n u a 1 Repo rt s, 1969; 1970; 1975; 1953).
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4 . 2 . 2  F a c t o r s  A f f e c t i n g  C a l v i n g  Interval

4 . 2 . 2 . 1  Year of C a l v i n g

Year of c a l v i n g  had a h i g h l y  s i g n i f i c a n t  (p 

<.01) e f f e c t  on c a l v i n g  interval. The s h o r t e s t  c a l v i n g  

interval (426. 2+.1.5d ) o c c u r r e d  in 1964 and the longest 

( 4 9 5 . 5 +_1.5d ) in 1979. T h e r e  w e re c h a n g e s  in the A! 

t e c h n i c i a n s  and h e r d s m e n  at end of 1978 so that a large 

nu m b e r  of new and i n e x p e r i e n c e d  staff w e re left at the 

NSS in 1979. T h is c a u s e d  d e t e r i o r a t i o n  in the 

e f f i c i e n c y  of AI s e r v i c e  and may have b e en r e s p o n s i b l e  

for the long c a l v i n g  i n t e r v a l s  in 1979 (N A H R S - A n n u a  1

Report, 1979). A l t h o u g h  a n i m a l s  c a l v i n g  in 1964 were 

not s e l e c t e d  for s h o r t  c a l v i n g  intervals, a large 

n u m b e r  of the cows were the o l d e r  high g r a d e  Sahiwal 

cows of the f o u n d a t i o n  herd of NSS (N A H R S - A n n u a  1 

Report, 1964). O t h e r  f a c t or s .however, such as r a i n f a l 1 

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

and a v a i l a b i l i t y ,  t o g e t h e r  w i th the g e n e t i c  c h a n g e  

r e s u l t i n g  from the c u l l i n g  of o l d e r  cows for f e r t i l i t y  

p r o b l e m s  co u l d  have been r e s p o n s i b l e  for the y e a r l y  

f l u c t u a t i o n s  of c a l v i n g  i n t e r v a l s  in this study.

4 . 2 . 2 . 2  S e a s o n  of C a l v i n g

S e a s o n  of c a l v i n g  did not s i g n i f i c a n t l y  (p>.05) 

a f f e c t  c a l v i n g  intervals. The r e s t r i c t e d  n u t r i t i o n  

r e g i m e  at NSS p r o b a b l y  c u r t a i l e d  the full e x p r e s s i o n  of 

sexual a c t i v i t y  and woul-d t h e r e f o r e  obscure, to some

extent, the seasonal v a r i a t i o n  in the sexual f u n c t i o n
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of the cows. N e v e r t h e l e s s ,  the longest c a l v i n g  

i n t e r v a l s  o c c u r r e d  in cows c a l v i n g  in the sh or t rains 

and the s h o r t e s t  o c c u r r e d  in th os e that c a l v e d  in the 

dry period. G e n e r a l l y ,  short o e s t r u s  c y c l e s  and long 

heat p e r i o d s  are r e g a r d e d  as an i n d i c a t i o n  of in cr e a s e d  

sexual a c t i v i t y  w h i l e  long o e s t r u s  and sh o r t  heat 

p e r i o d s  are r e g a r d e d  as an i n d i c a t i o n  of d e c r e a s e d  

sexual act i v i t y .

W o r k i n g  w i t h  Z e b u  and high gr ad e c a t t l e  at 

Na iv a s h a ,  A n d e r s o n  (1944) found that longer o e s t r u s  

c y c l e s  and s h o r t e r  heat p e r i o d s  were a s s o c i a t e d  with 

d e c r e a s e  in b o th the t e m p e r a t u r e  and s u n s h i n e  in the 

sh or t rainy s e a s o n  w h i l e  the i n c r e a s e  in b o th the 

t e m p e r a t u r e  and s u n s h i n e  in the long r a i n y  s e a s o n  and 

the rest of the year was a s s o c i a t e d  w i th s h or te r

o e s t r u s  c y c l e s  and longer heat periods. F u r t h e r m o r e ,  

sh or t heat p e r i o d s  in Z e bu c a t t l e  - Sahiwal br ee d 

in c l u d e d  - o f t e n  c o u p l e d  w i th a s h o w  of less i n t e n s i t y  

of heat signs -may re d u c e  the e f f i c i e n c y  of both heat 

d e t e c t i o n  and AI s e r v i c e  r e s u l t i n g  in long s e r v i c e

period. The cows c a l v i n g  in the sh or t ra i n y  s e a s o n

w o u l d  on a v e r a g e  have most of the d u r a t i o n  of the

e a r l y  part of th ei r s e r v i c e  p e r i o d  o c c u r r i n g  in the 

sh or t ra i n y  season. Th e s e  may e x p l a i n  the longer 

c a l v i n g  i n t e r v a l s  o b s e r v e d  in cows c a l v i n g  d u r i n g  the 

sh o r t  r a i n y  s e a s o n  at NSS. This i n f o r m a t i o n  in di c a t e s  

that cl o s e r  a t t e n t i o n  shouM d be g i v e n  to cows c a l v i n g■f*

in the sh or t r a i n y  s e a s o n  in o r d e r  to s h o r t e n  the
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c a l v i n g  i n t e r v a l s  in the herd.

4 . 2 . 2 . 3  P a r i t y

P a r i t y  did not (p>.05) a f f e c t  c a l v i n g  interval. 

T h is re su lt is c o n t r a d i c t o r y  to those r e p o r t e d  in other 

s t u d i e s  ( A l i m , 1960; Kimenye, 1978; J o h n s o n  e t  a /., 

1984). The d i f f e r e n c e  in th e s e  r e s u l t s  may be 

a t t r i b u t e d  to the m e t h o d s  of a n a l y s i s  used. T h e r e  was, 

however, a c o n s i s t e n t  i n c r e a s e  in r e p r o d u c t i v e  

p e r f o r m a n c e  (as i n d i c a t e d  by the s h o r t e n i n g  of c a l v i n g  

interv al ) from 2nd to 5t h  parity. The longer c a l v i n g  

i n t e r v a l s  in the y o u n g e r  cows may be the re su lt of the 

shift, at p h y s i o 1o g i c a 1 level, in the use of the 

a v a i l a b l e  n u t r i e n t s  a w a y  from the r e p r o d u c t i v e  

f u n c t i o n s  to growth, m a i n t e n a n c e  and lactation.

The d e t e r i o r a t i o n  in the r e p r o d u c t i v e  p e r f o r m a n c e  

of ol d e r  cows, as i n d i c a t e d  by longer c a l v i n g  i n t e r v a l s  

b e y o n d  5th parity, may be due to the r e d u c e d  a b i l i t y  

of these cows to co nc eive. The d e g e n e r a t i v e  c o n d i t i o n s  

c a u s e d  by the a c c u m u l a t i o n  of scar tissues, fibr ou s 

c o n n e c t i v e  ti s s u e  and a d i m i n i s h e d  v a s c u 1a r i s a t i o n  of 

the u t e r i n e  s t r o m a  has b e en o b s e r v e d  in the f e m a l e s  of 

m a n y  farm a n i m a l s  m a i n t a i n e d  for a longer p e r i o d  of 

b r e e d i n g  (Hunter, 1985). *

*
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4 . 2 . 2 . 4  Sex of Calf

Sex of c u r r e n t  calf had a h i g h l y  s i g n i f i c a n t  

(p<.01) i n f l u e n c e  on c a l v i n g  interval. Male c a l v e s  were 

a s s o c i a t e d  w i th s h o r t e r  c a l v i n g  i n t e r v a l s  in their 

dams. T h is r e s u l t  is c o n t r a d i c t o r y  to the r e s u l t s  of 

ot h e r  w o r k e r s  ( G r e g o r y  e t  a/., 1978; G r e g o r y  and Trail

1981b). G e n e r a l l y ,  m a l e  c a l v e s  have h i g h e r  bi r t h  

w e i g h t s  and are a s s o c i a t e d  w i th longer g e s t a t i o n  

periods. As the g e s t a t i o n  p e r i o d  and s e r v i c e  p e r i o d  are 

the two c o m p o n e n t s  of the c a l v i n g  interval, it is 

e x p e c t e d  that c h a n g e  in the g e s t a t i o n  p e r i o d  sh ou ld 

a f f e c t  c a l v i n g  interval. T h e r e f o r e ,  m a le c a l v e s  are 

e x p e c t e d  to be a s s o c i a t e d  w i t h  longer c a l v i n g  

intervals. H o we ve r, w h en b i r t h  w e i g h t  was fi tt ed as a 

c o v a r i a t e  in the a n a l y s i s  of v a r i a n c e  of c a l v i n g  

interval in this st u d y  the v a r i a n c e  due to sex of calf 

c h a n g e d  v e ry little. P r e s u m a b l y  there are some 

p h y s i o l o g i c a l  f a c t o r s  linked to sex of calf w h i c h  are 

r e s p o n s i b l e  for the s h o r t e r  c a l v i n g  in te r v a l s  o b s e r v e d  

in the dams of m a le c a l v e s  at the NSS. A further 

i n v e s t i g a t i o n  is r e q u i r e d  to e x p l a i n  the o b s e r v a t i o n s  

in this study.

4.3 B i r t h  W e i g h t

4. 3. 1 M e a n s  and V a r i a t i o n

The m e a n  b i r t h  w e i g h t  (22.7 +_ 0.04 kg) is w i t h i n
l

the range r e p o r t e d  in the ’'other Sahlwal herds. It is,

h o w e v e r , lower than those r e p o r t e d  in the Boran,
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Barotse, N a t i v e  E g y p t i a n  b r e e d s  and G o b r a  Z e bu (Table 

4). B i r t h  w e i g h t  is d e t e r m i n e d  by the d i r e c t  e f f e c t s  

due to genes c o n t r i b u t e d  to the calf by b o th the dam 

and sire, m a te rn al e n v i r o n m e n t a l  e f f e c t s  on the gr ow th 

of the foetus in' the pr e- natal p h a s e  and m a n a g e m e n t  of 

the calf. The r e l a t i v e  c o n t r i b u t i o n  of these three 

s o u r c e s  w i t h i n  each b r e e d  is what d e t e r m i n e s  br e e d  

p e r f o r m a n c e  w i t h  r e g a r d  to b i r t h  weight. W i t h o u t  this 

k n o w l e d g e  the c o m p a r i s o n  of S a h i w a l s  at NSS with the 

o t h e r  tropical cattle, on ba s i s  of b i r t h  weight, wo ul d 

not be accura te .

4 . 3 . 2  F a c t o r s  A f f e c t i n g  B i r t h  We i g h t

4 . 3 . 2 . 1  Year of C a l v i n g

Year of b i r t h  had a h i g h l y  s i g n i f i c a n t  (p<.01) 

i n f l u e n c e  on b i r t h  weight. T h is r e s u l t  is in 

c o n f o r m i t y  w i t h  those r e p o r t e d  in ot he r s t u d ie s 

(Tou ch be rr y, 1967; W i l l i s  e t  a ! . ,  1972; Mw an do tt o, 

1985). The ligh te st c a l v e s  were b o rn in 1983 and the 

h e a v i e s t  in 1979. It has b e en e s t a b l i s h e d  by Koch 

(1972) and E l zo e t  a l .  (1987) that the i n t r a - u t e r i n e  

e n v i r o n m e n t ,  w h i c h  c o n d i t i o n  the pr e- n a t a l  g r o w t h  and 

h e n c e  b i r t h  weig ht s, is a f f e c t e d  by the n u t r i e n t  

a v a i l a b i l i t y  to the dam. The h e a v i e s t  b i r t h  w e i g h t s  in 

1979 are a t t r i b u t a b l e  to the a v a i l a b i l i t y  of good 

p a s t u r e s  t h r o u g h o u t  the year, w h i l e  the poor 

a v a i l a b i l i t y  of p a s t u r e  ip 1983 is r e s p o n s i b l e  for the 

lowest b i r t h  w e i g h t s  o b s e r v e d  ( N A H R S - A n n u a  1 Reports,
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1979; 1981). T h us b i r t h  w e i g h t s  at NSS can be in cr ea se d

t h r o u g h  i m pr ov ed f e e d i n g  of dam d u r i n g  3rd trimester.

4 . 3 . 2 . 2  P a r i t y

P a r i t y  of dam had a h i g h l y  s i g n i f i c a n t  (pC.Ol) 

e f f e c t  on b i r t h  weight. This is in a g r e e m e n t  with 

r e s u l t s  r e p o r t e d  in the Sahiwal b r e e d  (Bhat and 

C h a n d r a m o h a n  1982; M w an do tt o, 1985). T h e r e  was an 

i m p r o v e m e n t  in b i r t h  w e i g h t  from 1st to 4th pa r i t y  

f o l l o w e d  by a d e c l i n e  in the p a r i t i e s  b e y o n d  4th 

parity. E f f e c t  of p a r i t y  on b i r t h  w e i g h t  is m e d i a t e d  

t h r o u g h  c h a n g e s  in the size of the dam, a b i l i t y  of the 

dam to p r o v i d e  n u t r i e n t  to the d e v e l o p i n g  foetus and 

any p e r m a n e n t  f u nc ti on al d e v e l o p m e n t  in the dam that 

a f f e c t  the pr e- natal g r o w t h  of the calf (Koch and 

Clark, 1955; E l zo e t  a t ,  1987). On the b a s i s  of this 

e x p l a n a t i o n  the mate rn al e n v i r o n m e n t  in r e l a t i o n  to 

p a r i t y  of dam is the limiting factor. The dams in 1st 

to 3rd p a r i t y  have to p r o v i d e  for their own growth, 

g r o w t h  of the foetus, la ct a t i o n  and m a i n t e n a n c e .  

For cows b e y o n d  4th parity, due to the a d v a n c i n g  age, 

they are h e a v i e r  and p r o d u c e  hi g h e r  a m o u n t s  of milk 

w h i c h  c a u s e s  them to have hi gh er n u t r i e n t  r e q u i r e m e n t s  

for l a c t a t i o n  and m a i n t e n a n c e  in c o m p e t i t i o n  with 

n u t r i e n t  r e q u i r e m e n t  for fo et us growth. Howe ve r, under 

e x t e n s i v e  g r a z i n g  m a n a g e m e n t  ol de r cows e x p e r i e n c e  

b r e a k d o w n  in body c o n s t i t u t i o n  (Sacker et a t . , 1971). 
Thus there co u l d  be b r e a k d o w n  in the b o dy c o n s t i t u t i o n
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of older cows w h i c h  c u r t a i l s  their a b i l i t y  to graze 

e n o u g h  so as to p r o v i d e  a s u i t a b l e  n u t r i t i o n a l  

pren at al e n v i r o n m e n t  for foetal growth.

It is kn o w n  that survival rates of c a l v e s  of yo un g 

dams and of dams b e y o n d  4th p a r i t y  are lower d u r i n g  the 

e a r l y  p r e - w e a n i n g  s t a g e  at NSS ( N A H R S - A n n u a  1, 1983). 

M o r t a l i t y  of a f f e c t e d  c a l v e s  has b e e n  c l a i m e d  to be 

a s s o c i a t e d  w i th light b i r t h  w e i g h t s  (N A H R S - A n n u a 1 

Reports, 1980; 1 9 8 2 ) . In or de r to re du ce the calf loss 

t h r o u g h  m o rt al it y, the m a n a g e r s  at NSS c o u l d  have two 

a l t e r n a t i v e  a p p r o a c h e s .  One a p p r o a c h  wo u l d  be to 

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

w h i c h  i n c r e a s e  the vi g o u r  of c a l v e s  d u r i n g  the pre- 

w e a n i n g  period, from the dams in the a f f e c t e d  category. 

The other a p p r o a c h  w o u l d  be to i n t r o d u c e  p r o p h y l a c t i c  

t r e a t m e n t  of c a l v e s  in the a f f e c t e d  catego ry . To 

m i n i m i z e  p o s s i b l e  d e v e l o p m e n t  of drug r e s i s t a n c e  high 

s t a n d a r d s  of h y g i e n e  sh o u l d  a l w a y s  be o b s e r v e d  by the 

pe rs on ne l d u r i n g  f e e d i n g  and h a n d l i n g  of c a l v e s  w h i l e  

u n n e c e s s a r y  use of d r u g s  sh o u l d  be avoided.

4 . 3 . 2 . 3  S e a s o n  of B i r t h

S e a s o n  of b i r t h  had no s i g n i f i c a n t  (p>.05) 

i n f l u e n c e  on b i r t h  weight. However, the c a l v e s  born 

d u r i n g  the short r a i n y  s e a s o n  ( O c t o b e r - N o v e m b e r ) had 

h e a v i e s t  b i r t h  w e i g h t s  w h i l e  those b o rn in the long 

r a i n y  s e a s o n  (M ar c h - M a ^ )  had the lightest bi r t h  

weights. Dams c a l v i n g  in the short ra i n y  s e a s o n  will
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have c o n c e i v e d  in ei t h e r  F e b r u a r y  or M a r c h  and their 

late st ag es of p r e g n a n c y  c o i n c i d e  with the p e r i o d  when 

there is high a v a i l a b i l i t y  of good q u a l i t y  pastures, 

r e s u l t i n g  from the long rainy season. Dams c a l v i n g  in 

long ra i n y  s e a s o n  have most of their p r e g n a n c y  

c o i n c i d i n g  with the p e r i o d  w h en there is r e l a t i v e l y  low 

a v a i l a b i l i t y  of good q u a l i t y  pasture. The a v a i l a b i l i t y  

of good q u a l i t y  p a s t u r e s  to p r e g n a n t  dams g e n e r a l l y  

re s u l t  in the h e a v i e r  b i r t h  w e i g h t s  of c a l v e s  and vice- 

versa.

Th e s e  r e s u l t s  imply that seas on al b r e e d i n g  

p r a c t i c e s  w h i c h  e n s u r e s  that a l 1 dams c a l v e  in the 

sh or t ra in y s e a s o n  w o u l d  e n s u r e  h e a v i e r  b i r t h  w e i g h t s  

of c a l v e s  in a d d i t i o n  (as has b e e n  d i s c u s s e d  in s e c t i o n  

4 . 1 . 2 . 3 )  to hi gh er milk yield. However, due to the low 

r e p e a t a b i l i t y  of seasonal rainfall (in a m o u n t  and 

d i s t r i b u t i o n )  at N a i v a s h a  it w o u l d  be ri sk y to a t t e m p t  

seasonal br ee d i n g .  The p r e s e n t  p r a c t i c e  of b r e e d i n g  

t h r o u g h o u t  the y e ar s h o u l d  be c o nt in ue d.

4 . 3 . 2 . 4  Sex of Ca 1 f

Sex of calf had a h i g h l y  s i g n i f i c a n t  (p<.01) 

i n f l u e n c e  on b i r t h  weight. Male c a l v e s  w e re h e a v i e r  

than female calves. Bell e t  a l  (1970) has r e p o r t e d  

that the rate of s y n t h e s i s  of p r o t e i n  and ot he r o r g a n i c  

m a t t e r  is faster in the ma l e s  u n d e r  a n d r o g e n  in fl u e n c e  

than for f e ma le s w h i c h  are* p r e d o m i n a n t l y  under the

i n f l u e n c e  of oe st ro ge n. T h is i n d i c a t e s  that d i f f e r e n c e
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in b i r t h  w e i g h t s  of the two se xe s is largely a 

r e f l e c t i o n  of h o rm on al d i f f e r e n c e s  b e t w e e n  the sexes 

d u r i n g  pr e- natal growth. F u r t h e r m o r e ,  the p h y s i o l o g i c a l  

b a s i s  of e f f e c t  of sex is such that d i f f e r e n c e s  in 

b i r t h  w e i g h t s  c o u l d  be e n h a n c e d  by i m pr ov ed f e e d in g of 

dams ( H a r r i c h a r a n  e t  a l ,  1976). The i m p l i c a t i o n  is that 

c o r r e c t i o n  for the e f f e c t  of sex s h o u l d  be done in any 

c o m p a r i s o n  of b i r t h  weights.

4.4 Age at 55 kg L i v e w e i g h t

4.4.1 M e a n s  and V a r i a t i o n s

The mean age at 55 kg li v e w e i g h t  (AGE55) was 

e s t i m a t e d  at 9 7 . 8 + 0 . 7  days. This is lower than that
/
r e p o r t e d  by M w a n d o t t o  (1985). The d i f f e r e n c e  is p a r t l y  

a t t r i b u t a b l e  to the edit c r i t e r i a  used in data

p r e p a r a t i o n  in this s t u d y  ( s ec ti on 3.4) c o m p a r e d  to the 

p r e v i o u s  work. T h e r e  is no s e l e c t i o n  for age at 55kg 

l i v e w e i g h t  at NSS. The high v a r i a t i o n  (Table 7) in 

A G E 5 5  is a r e f l e c t i o n  of the e f f e c t  of c h a n g e s  in 

f e e d i n g  and m a n a g e m e n t  of calves.

4 . 4 . 2  F a c t o r s  A f f e c t i n g  Age at 55kg L i v e w e i g h t

4 . 4 . 2. 1 Year of B i r t h

Year of b i r t h  had a hi g h l y  s i g n i f i c a n t  (p<.01) 

e f f e c t  on A G E 5 5 . T h e r e  was gradual d e c l i n e  in gr o w t h  

p e r f o r m a n c e  of c a l v e s  in the pe r i o d  b e f o r e  1970, 

f o l l o w e d  by ra pi d d e c l i n e  ^ n  the y e a r s  af te r 1970. In 

1970 the old calf f e e d i n g  s c h e m e  was r e p l a c e d  by the
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new sc h e m e  w h i c h  is c u r r e n t l y  in o p e r a t i o n  at NSS (as 

d i s c u s s e d  in s e c t i o n  3.2). It is at this time w h en the 

t r a n s i t i o n  in the least s q u a r e s  c o n s t a n t s  e s t i m a t e s  

occur. T h is i n d i c a t e s  that the y e a r l y  f l u c t u a t i o n  in 

the gr o w t h  p e r f o r m a n c e  of the calf in the interval

b e t w e e n  b i r t h and 55 kg 1i vewe i ght is larg el y a

ref 1e c t i o n  of the feed ing and m a n a g e m e n t f a c t o r s .

F u r t h e r m o r e ,  the g e n e t i c  c h a n g e s  of AG E 5 5  may be 

n e g l i g i b l e  as there was no s e l e c t i o n  for gr ow th 

p e r f o r m a n c e  of c a l v e s  or dams on the ba s i s  of AGE55.

The d e c l i n e  in gr o w t h  p e r f o r m a n c e  of c a l v e s  with 

r e s p e c t  to A G E 5 5  over the w h o l e  p e r i o d  (1 96 4- 19 83 ) 

c o v e r e d  in this s t u d y  co u l d  be i n t e r p r e t e d  to be the 

re s u l t  of the i n a d e q u a c y  of the calf feed o f f e r e d  at 

the stud to meet the n u t r i t i v e  r e q u i r e m e n t s  for gr ow th 

of c a l v e s  in the interval from b i r t h  to 55 kg 

liveweight. T h e r e f o r e ,  a r e - e x a m i n a t i o n  of the calf 

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

d o ne with the aim of m o d i f y i n g  it or r e p l a c i n g  it with 

a b e t t e r  s y s t e m  to improve the g r o w t h  p e r f o r m a n c e  of 

calves.

4 . 4 . 2 . 2  S e a s o n  of B i r t h

S e a s o n  of b i r t h  had a h i g h l y  s i g n i f i c a n t  (p<.01) 

e f f e c t  on AGE55. T h is is in a g r e e m e n t  the resu lt s 

r e p o r t e d  by M w a n d o t t o  (1985). The g r o w t h  pe rf or m a n c e ,  

as i n d i c a t e d  by the h i g h r v a l u e  of AG E 5 5  (Table 9) of

c a l v e s  b o rn in the short ra in y season, w h i c h  were
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h e a v i e s t  at birth, was po or er than those b o rn in the 

ot h e r  seasons. However, h e a v y  c a l v e s  are kn o w n  to be 

m o re a c t i v e  and s e n s i t i v e  to the e n v i r o n m e n t  and 

t h e r e f o r e  need m o r e  feed per unit gain. This, 

th er ef or e, may e x p l a i n  why lighter c a l v e s  born in the 

long ra in y s e a s o n  and the rest of the year r e a c h e d  55 

kg li v e w e i g h t  e a r l i e r  than the h e a v y  c a l v e s  b o rn in the 

sh or t ra i n y  season. A f e e d in g re gi me w h i c h  will 

p r o v i d e  a d e q u a t e  n u t r i e n t s  for gr o w t h  r e q u i r e m e n t s  of 

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

d e v e l o p e d  at the NSS.

4 . 4 . 3. 1 P a r i t y

P a r i t y  had a s i g n i f i c a n t  (p<.05) i n f l u e n c e  on 

AGE55. T h is r e s u l t  c o n t r a d i c t  those r e s u l t s  re p o r t e d  

by M w a n d o t t o  (1985). The d i f f e r e n c e  in r e s u l t s  is 

a t t r i b u t a b l e  to the m o d e l s  of a n a l y s e s  used. T h e r e  was 

a general d e c l i n e  in gr o w t h  p e r f o r m a n c e  of c a l v e s  from 

1st to 3rd p a r i t y  f o l l o w e d  by an i m p r o v e m e n t  in gr ow th 

p e r f o r m a n c e  of c a l v e s  of the dams b e y o n d  4th p a r i t y  as 

i n d i c a t e d  by A G E 5 5  (Table 9). T h e s e  tr en ds are a 

r e f l e c t i o n  of th os e of b i r t h  w e i g h t s  as d i s c u s s e d  in 

s e c t i o n  4 . 3 . 2 . 2  b e c a u s e  b i r t h  w e i g h t  forms p a rt of the 

5 5 k g  1i vewei ght.

♦
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4 . 4 . 2 . 4  Sex of C a 1f

Sex of calf had a h i g h l y  s i g n i f i c a n t  (p<.01) 

e f f e c t  on AGE55. M a le c a l v e s  had b e t t e r  gr ow th 

p e r f o r m a n c e  than fe m a l e  c a l v e s  as i n d i c a t e d  by the 

AGE55. T h e s e  r e s u l t s  are s i m i l a r  to those r e p o r t e d  by 

M w a n d o t t o  (1985). The a b o v e  o b s e r v a t i o n s ,  however, can 

be i n t e r p r e t e d  to be the re su lt of the high bi r t h  

w e i g h t s  of male c a l v e s  in a d d i t i o n  to their fast 

growth. T h e r e f o r e ,  c o r r e c t i o n  s h o u l d  be m a d e  for ef f e c t  

of sex w h en c o m p a r i n g  maternal p e r f o r m a n c e  of dams with 

r e s p e c t  to AGE55.

4.5 G e n e t i c  P a r a m e t e r s  and T r e n d s

E s t i m a t e s  of r e p e a t a b i l i t y  and h e r i t a b i l i t y  a l o n g  

w i t h  the annual c h a n g e s  in ph en o t y p i c ,  g e n e t i c  and 

e n v i r o n m e n t a l  c o m p o n e n t s  for the four traits in this 

s t u d y  are p r e s e n t e d  in T a b l e  10. The graphical 

r e p r e s e n t a t i o n  of the trends in these tr ai ts are shown 

in F i g u r e s  2, 3, 4, and 5 . r e s p e c t i v e l y .  It sh o u l d  be

no te d that th er e was no s e l e c t i o n  p r o g r a m m e  in 

o p e r a t i o n  at NS S  over the p e r i o d  1964-1968. This 

c a u s e d  a n i m a l s  of poor g e n e t i c  m e r i t  to be r e t a i n e d  in 

the herd.

In a c l o s e d  c a t t l e  herd ( p o p u l a t i o n )  in wh ic h 

g e n e r a t i o n s  o v e r l a p  the i m p r o v e m e n t  in the g e n e t i c  

co m p o n e n t ,  of any p a r t i c u l a r  trait, in s u c c e s s i v e  years 

r e s u l t i n g  from a s i n g l e  year of s e l e c t i o n  is not 

co ns t a n t ,  for the genes from a g r o u p  of s e l e c t e d
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i n d i v i d u a l s  may take m a n y  y e a r s  to pass (or spread) 

t h r o u g h  the herd ( p op ul at io n) . The initial r e s p o n s e  

o c c u r s  a f t e r  a d u r a t i o n  e q u i v a l e n t  to one g e n e r a t i o n  

interval and is e r r a t i c  but w i t h  p a s s a g e  of time it 

e v e n t u a l l y  a p p r o a c h e s  an e q u i l b r i u m  (or a s y m p t o t i c )  

value, w h i c h  r e p r e s e n t s  the p e r m a n e n t  c h a n g e  in the 

g e n e t i c  c o m p o n e n t  r e s u l t i n g  from s e l e c t i o n  ( H i l l , 1971). 

The e q u i l b r i u m  v a l u e  is as a re s u l t  of the d i m i n i s h i n g  

g e n e t i c  s u p e r i o r i t y  of the individual d e s c e n d a n t  w h i c h  

is c o m p e n s a t e d  by an in c r e a s e  in the n u m b e r s  of them 

e x h i b i t i n g  response. U s i n g  this a s s u m p t i o n  H i l l (1971) 

p r o v e d  that the e s t i m a t e  of annual g e n e t i c  p r o g r e s s  in 

the B r i t i s h  d a i r y  c a t t l e  was not s i g n i f i c a n t l y

d i f f e r e n t  from the e s t i m a t e  of annual g e n e t i c  p r o g r e s s  

got by r e g r e s i o n  of r e s p o n s e  to s e l e c t i o n  on time 

( g e n e r a t i o n  interval in years). The m e t h o d  used in 

e s t i m a t i n g  the annual c h a n g e  in the g e n e t i c  c o m p o n e n t s  

in this s t u d y  (s e c t i o n  3.5) is b a s e d  on the latter 

a s s u m p t i o n .  T h us d i f f e r e n c e  b e t w e e n  the a v e r a g e  

p h e n o t y p i c  v a l u e s  and the g e n e t i c  c o m p o n e n t  (e s t i m a t e d  

from a v e r a g e  b r e e d i n g  values) in a gi ve n year is 

a s s u m e d  to r e p r e s e n t  the e n v i r o n m e n t a l  c o m p o n e n t  w h i c h  

is, in fact, made up of n o n - a d d i t i v e  g e n e t i c  effects, 

p e r m a n e n t  e n v i r o n m e n t a l  and t e m p o r a r y  e n v i r o n m e n t a l  

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

trait u n d e r  c o n s i d e r a t i o n .

«■
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4.5.1 Mi 1k Yi el d

4 . 5 . 1 . 1  G e n e t i c  P a r a m e t e r s

The h e r i t a b i l i t y  e s t i m a t e  (0.27 +_ 0.06) for milk 

y i e l d  in this s t u d y  is w i t h i n  the range r e p o r t e d  for 

the ot h e r  tropical c a t t l e  (Table 2) and is c o m p a r a b l e  

to those r e p o r t e d  in the t e m p e r a t e  d a i r y  c a t t l e  (Barker 

and Ro be rt so n, 1966; C u n n i n g h a m ,  1972). The s i m i l a r i t y  

in the e s t i m a t e s  of h e r i t a b i l i t y  found in this st u d y  to 

those r e p o r t e d  in the ot he r b r e e d s  of d i v e r s e  o r i g i n  

imply that m e t h o d s  of s e l e c t i o n  for high milk y i e l d  

p r o v e n  to be h i g h l y  e f f i c i e n t  in the o t h e r  b r e e d s  

e l s e w h e r e  co u l d  be used s u c c e s s f u l l y  for the g e n e t i c  

i m p r o v e m e n t  of m i l k  y i e l d  in the S a h i w a l s  at NSS. 

The m a g n i t u d e  of the h e r i t a b i l i t y  e s t i m a t e  found in 

this st u d y  tends to s u g g e s t  that s e l e c t i o n  for milk 

y i e l d  at NSS w o u l d  re su lt in a p p r e c i a b l e  g e n e t i c  

i m p r o v e m e n t .

The r e p e a t a b i l i t y  e s t i m a t e  (0.46 +_ 0.02) is w i t h i n  

the range of e s t i m a t e s  r e p o r t e d  in ot he r tropical 

c a t t l e  (Table 2). The m a g n i t u d e  of the r e p e a t a b i l i t y  

e s t i m a t e  is an i n d i c a t i o n  that s e l e c t i o n  for milk 

y i e l d  in the NSS herd c o u l d  be ba se d on the first 

l a c t a t i o n  r e c o r d s  w h i c h  has the a d v a n t a g e  of r e d u c i n g  

the g e n e r a t i o n  interval in the s e l e c t i o n  pr og ra mm e.

On the b a s i s  of the m a g n i t u d e s  of h e r i t a b i l i t y  

and r e p e a t a b i l i t y  e s t i m a t e s  for milk y i e l d  , it can be 

d e d u c e d  that the t e m p o r a r y  e n v i r o n m e n t a l  e f f e c t s  are 

r e s p o n s i b l e  for 54 %  of the p h e n o t y p i c  v a r i a n c e  in the



6 5

m i lk yi e l d  of Sahiwal c a t t l e  w h i l e  the n o n - a d d i t i v e  

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

e n v i r o n m e n t a l  e f f e c t s  are r e s p o n s i b l e  for 19%. The 

t e m p o r a r y  e n v i r o n m e n t a l  e f f e c t s  can be a l t e r e d  by 

s h o r t - t e r m  i n t e r v e n t i o n s  t h r o u g h  m a n i p u l a t i o n  of the 

f e e d i n g  and m a n a g e m e n t  of the herd. F r om s t u d i e s  of 

the c r o s s b r e e d i n g  of c a t t l e  for milk p r o d u c t i o n  it has 

b e e n  e s t a b l i s h e d  that the n o n - a d d i t i v e  g e n e t i c  e f f e c t s  

on milk y i e l d  are n e g l i g i b l e  ( G re go ry and Trail, 1981a; 

Trail and G r eg or y, 1981). On this a s s u m p t i o n  then, 19% 

of the total p h e n o t y p i c  v a r i a n c e  in milk y i e l d  is

a t t r i b u t a b l e  to the p e r m a n e n t  e n v i r o n m e n t a l  effects.

The p e r m a n e n t  e n v i r o n m e n t a l  e f f e c t s  are c a u s e d  by 

(p er m a n e n t )  d i f f e r e n c e s  in the a n a t o m i c a l ,

p h y s i o l o g i c a l  an d  p h ys ic al c o n s t i t u t i o n  of an animal. 

The p e r m a n e n t  e n v i r o n m e n t a l  e f f e c t s  in the Sahiwal cows 

at NSS co u l d  largely be a s s o c i a t e d  with the high

f r e q u e n c y  of c o ws h a v i n g  n o n - f u n c t i o n a l  q u a r t e r s  of the 

ud de r c a u s e d  by m a s t i t i s  and injury.

4 . 5 . 1 . 2  G e n e t i c  and E n v i r o n m e n t a l  T r e n d s

The e s t i m a t e d  annual c h a n g e s  in the p h e n ot yp ic , 

g e n e t i c  and e n v i r o n m e n t a l  c o m p o n e n t s  for m i l k  y i e l d  

w e re - 11.56+_5.3, 3 . 8 7  + 0 . 64 and - 15.42 + 5. 0  kg per year 

(Table 10). The e s t i m a t e d  annual g e n e t i c  c h a n g e  of 

3 . 8 7 + 0 . 6 4  kg r e p r e s e n t  a g e n e t i c  p r o g r e s s  of 0 . 2 8 %  per
t

y e ar of the b a se y e ar (1964) herd a v e r a g e  of 1396 kg, 

w h e r e a s  K i m e n y e  (1978) r e p o r t e d  an e x p e c t e d  g e ne ti c
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p r o g r e s s  of 2 . 5 %  of the overall herd a v e r a g e  in the 

19 63 - 1 9 7 1  period. B e c a u s e  the m a g n i t u d e s  of the 

s e l e c t i o n  intensity, h e r i t a b i 1 i t y , and p h e n o t y p i c  

v a r i a n c e  u s ed by K i m e n y e  (1978) are v e r y  s i m i l a r  to 

those in this study, it w o u l d  be safe to a s s u m e  that 

the e x p e c t e d  g e n e t i c  p r o g r e s s  of 2 . 5 %  of the overall 

herd a v e r a g e  in the b a se year (1964) is still valid, 

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

may be r e s p o n s i b l e  for the v e ry low value of 0.28%.

Six p o s s i b l e  r e a s o n s  can be a d v a n c e d  to e x p l a i n  

why the e s t i m a t e d  g e n e t i c  p r o g r e s s  was m u c h  lower than 

the e x p e c t e d  pr og r e s s .  Fi rs t the p e r i o d  1964-1968, 

w h en no s e l e c t i o n  was p r a c t i s e d  so as to a l l o w  the herd 

to b u i l d  up, was i n c l u d e d  in this study. Thus the 

a n i m a l s  w i t h  low g e n e t i c  me r i t  were retained. This 

c a u s e d  a d e c r e a s e  in the g e n e t i c  c o m p o n e n t  va l u e s  over 

that period. Se co nd ly , the r e a l i z e d  i n t e n s i t y  of 

s e l e c t i o n  for m i lk y i e l d  was lower than the e x p e c t e d  

b e c a u s e  of s e l e c t i o n  on m a n y  traits, for in s t a n c e  the 

s e l e c t i o n  of b u l l s  on ba s i s  of w e i g h t  at two y e a r s  of 

age, s e l e c t i o n  a g a i n s t  cows with f e r t i l i t y  problems, 

and the b r e e d  " l a b e l "  c h a r a c t e r i s t i c s  s e l e c t e d  for in 

the test bu11s.

Thirdly, the p r o p o r t i o n  of the cow herd used in 

p r o g e n y  t e s t i n g  of bu l l s  is small and this has o f t e n  

r e s u l t e d  in low a c c u r a c y  in sire e v a l u a t i o n  b e c a u s e  

most si re s h a ve low nu m b e r  of e f f e c t i v e  d a u g h t e r s  

(o ft en less than 15). Fourth ly , the level of f e ed in g
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Figure 2: The Phenotypic, Genetic and Environmental trends of 305-day Milk Yield
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Table 10: R e p e a ta b i l i t y  ( r ) and H e r i t a b i l i t y  ( h2 ) Estimates and the Annual 

Change in Phenotypic  ( P ) ,  Genetic (G) and Environmental (E)

6 8

Trends fo r  the 305-day Milk Y ie ld  

B ir th  Weight (BW) and AGE55.

(MY), Ca lv ing In te rva l  ( C l ),

T r a i t r + S E
2

h 1 S E P 1 S E G i  S E E 1 S E

MY 0.46+0.02 0.2710.06 -11.5615.3* » 3. 87 W.  64** -15.4215.0**

Cl 0.3910.20 0. 1510. 10 2 . 4 3 l0 .63** -0.2310.03** 2.6510.64**

BW 0.4810.05 0.4010.07 -0.0210. 02 0.00410.003 -0. 0310. 02**

AGE55 0.46+0.03 0.35+0.05 5.26+0.25 * * -0.05+0.04 5.31+0.26**

* * Significant (p< 0.05); *» = Highly significant (p(0.01)

«■
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and m a n a g e m e n t  of a n i m a l s  at v a r i o u s  st a g e s  from 

c a l f h o o d  to m a t u r i t y  has b e en d e c l i n i n g  over the last 

half of the p e r i o d  c o v e r e d  in this s t u d y  c a u s i n g  low 

g r o w t h  rates in a n i m a l s  at NSS (N A H R S - A n n u a 1 Report, 

1983). The low gr o w t h  rates g e n e r a l l y  re su lt in late 

age at p u b e r t y  and h e n c e  late age at first calving. 

This ma y  p a r t l y  be the c a u s e  of the o v e r a l 1 in c r e a s e  in 

g e n e r a t i o n  interval at NSS from 6.5 to 9 ye ar s over the 

p e r i o d  c o v e r e d  in this study.

Fifthly, b e c a u s e  of the s m a l 1 c l o s e d  herd at NSS 

d r i f t  in the g e n e t i c  c o m p o n e n t  is e x p e c t e d  as a re su lt 

of r a n d o m  s a m p l i n g  of genes b e c a u s e  of the small herd 

size, w h i c h  that at NSS a rapid in c r e a s e  in i n b r e e d i n g  

level w o u l d  g e n e r a l l y  be e x p e c t e d  over the first few 

g e n e r a t i o n s .  The i n cr ea se in i n b r e e d i n g  levels is k n o w n  

to a d v e r s e l y  a f f e c t  tr a i t s  r e l a t e d  to r e p r o d u c t i v e  

e f f i c i e n c y  and v i a b i l i t y  w h i c h  re su lt in longer 

g e n e r a t i o n  interval and r e d u c t i o n  of s e l e c t i o n  

intensity, r e s p e c t i v e l y  ( W i l l i a m s o n  and Payne, 1978). 

S i xt hl y, and more impo rt an tl y, a l t h o u g h  in this st u d y  

the g e n e t i c  p r o g r e s s  per year is a s s u m e d  to be linear 

the initial r e s p o n s e  is u s u a l l y  e r r a t i c  as genes from 

s e l e c t e d  i n d i v i d u a l s  b e c o m e  d i s t r i b u t e d  t h r o u g h  the 

p o p u l a t i o n  in herd u n d e r g o i n g  s e l e c t i o n  with 

o v e r l a p p i n g  g e n e r a t i o n s  such as the NSS (Hill, 1971). 

T h e r e f o r e ,  in the b r e e d i n g  p r o g r a m m e  at NSS an 

in di vi du al bull s e l e c t e d  at aq.y one time from a team of 

c a n d i d a t e  bu ll s make no e f f e c t i v e  c o n t r i b u t i o n  to the



g e n e t i c  i m p r o v e m e n t  for the p e r i o d  s p a n n i n g  one 

g e n e r a t i o n  interval (6.5 to 9 years) and a c o n t r i b u t i o n  

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

use of that bull in the herd and the nu m b e r  of its 

d e s c e n d a n t s  e x h i b i t i n g  response.

For f u r t he r g e n e t i c  i m p r o v e m e n t  of the m i lk y i e l d  

in the S a h i w a l s  at NSS in future, s e l e c t i o n  c r i t e r i o n  

s h o u l d  be ba se d on milk y i e l d  and li v e w e i g h t  of bu l l s  

at two y e a r s  of age. In a d d i t i o n  the p r a c t i c e  of 

s c r e e n i n g  and t r e a t m e n t  or c u l l i n g  of cows with 

f e r t i l i t y  p r o b l e m s  s h o u l d  f o l l o w e d  strictly. This wo ul d 

re s u l t  in a higher r e a l i z e d  i n t e n s i t y  of s e l e c t i o n  of 

milk y i e l d  than that c u r r e n t l y  be i n g  ac hi eved. The mean 

g e n e r a t i o n  interval s h o u l d  be r e d u c e d  to less than 6 

years, t h r o u g h  i m p r o v e m e n t  in the f e ed in g and 

m a n a g e m e n t .  T h is w o u l d  lead to a t t a i n m e n t  of p u b e r t y  at 

e a r l y  age and he nc e e a r l i e r  b r e e d i n g  age in h e i f e r s  and 

bulls. In ad di ti on , i m p r o v e m e n t  of the f e e d i n g  of 

la ct a t i n g  c o ws sh ou ld be done to a c h i e v e  hi gh er 

p o s t p a r t u m  fertility, w h i c h  wo u l d  re du ce the a v e r a g e  

age of the bull dams. The c o n t e m p o r a r y  c o m p a r i s o n  

p r o c e d u r e s  c u r r e n t l y  used in sire e v a l u a t i o n  at NSS 

s h o u l d  be r e p l a c e d  by best linear u n b i a s e d  p r e d i c t i o n  

(B L U P) p r o c e d u r e s  as has b e e n  r e c o m m e n d e d  by Rege 

and Mosi (1988).

P h e n o t y p i c ,  g e n e t i c  and e n v i r o n m e n t a l  tr en ds are 

p r e s e n t e d  g r a p h i c a l l y  iî  F i g u r e  2. The m a g n i t u d e  and 

d i r e c t i o n  of the p h e n o t y p i c  trend in milk y i e l d  are
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l a r g el y a r e f l e c t i o n  of the e n v i r o n m e n t a l  trend. All 

the annual a v e r a g e s  of p h e n o t y p i c  v a l u e s  over the 1964- 

1967 p e r i o d  are b e l o w  those in 1964 (the b a se year). 

T h is is a r e f l e c t i o n  of the c o r r e s p o n d i n g  d e c r e a s e  in 

the g e n e t i c  m e r i t  b e c a u s e  there was no s e l e c t i o n  in the 

herd, as a l 1 a n i m a l s  w e re r e t a i n e d  to form the 

f o u n d a t i o n  herd of NSS and in the e n v i r o n m e n t a l  

c o m p o n e n t ,  m o s t l y  due to low a v a i l a b i l i t y  of pasture. 

M o st of the p a s t u r e  was not o p en for g r a z in g b e c a u s e  it 

was c o v e r e d  by b u sh (N A H R S - A n n u a  1 R e p o r t ,1967).

In the 1 9 6 8 - 1 9 7 3  p e r i o d  there was, ge ne ra ll y, a 

p o s i t i v e  trend in the e n v i r o n m e n t a l  (and p h e n o t y p i c )  

c o m p o n e n t  of m i lk pr od u c t i o n .  It is d u r i n g  this pe r i o d  

that the m a n a g e m e n t  of the herd was of high standard. 

T h e r e  was a d e q u a t e  p a s t u r e  t h r o u g h o u t  the period, and 

the g r a z i n g  in the dry m o n t h s  was s u p p l e m e n t e d  with 

high q u a l i t y  fodder p r o d u c e d  w i t h i n  the station. 

Besides, a p r o g r a m m e  of s u p p l e m e n t a t i o n  of cows

a c h i e v i n g  hi g h e r  m i lk y i e l d  than a v e r a g e  was in 

o p e r a t i o n  and the feed used was a high energy, p r o t e i n  

and p h o s p h o r u s  ra t i o n  (N A H R S - A n n u a  1 Reports, 1968; 

1970; 1972; 1973). F u r t h e r m o r e  there was p o s i t i v e

g e n e t i c  trend, r e s u l t i n g  from s e l e c t i o n  w h i c h  had 

c o m m e n c e d  in 1968.

A l t h o u g h  most of the g e n e t i c  c o m p o n e n t  va lu es

r e m a i n e d  at the level of those in 1973 (Figure 2),

there was a d r o u g h t  w h i c h  af'fected the Sahiwal herd at v *
NSS in the 1 9 7 4 - 1 9 7 6  p e r i o d  (N A H R S -Annua 1 Reports,
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1974; 1976). The d r o u g h t  c a u s e d  a r e d u c t i o n  in the

a v a i l a b i l i t y  of p a s t u r e s  w h i c h  led to a d r a s t i c  d e c l i n e  

in the trend of the e n v i r o n m e n t a l  (and p h e n o t y p i c )  

c o m p o n e n t s  in milk pr od u c t i o n .

In the 1 9 7 7 - 1 9 7 9  pe r i o d  there was a general 

i m p r o v e m e n t  in b o th the g e n e t i c  and e n v i r o n m e n t a l  (and 

p h e n o t y p i c )  c o m p o n e n t  over and a b o v e  that in the 

p r e v i o u s  pe r i o d  (1 97 4-1976). A s l i g h t  d e c r e a s e  in the 

e n v i r o n m e n t a l  c o m p o n e n t  is a t t r i b u t a b l e  to the poor 

d i s t r i b u t i o n  of rainfall w h i c h  led to low a v a i l a b i l i t y  

of p a s t u r e s  ( N A H R S - A n n u a 1 Reports, 1978; 1979). Over

the 1 9 8 0 - 1 9 8 3  pe r i o d  there was c o m p e t i t i o n  for p a s t u r e s  

by s h e e p  and goats w h i c h  w e re i n t r o d u c e d  into the 

s t a t i o n  b o t h  for e x p e r i m e n t s  and for p r o d u c t i o n  of 

b r e e d i n g  s t o c k  for farmers. T h e r e  were not e n o u g h  

s h r u b s  nor bush for the goats t h e r e b y  i n c r e a s i n g  the 

c o m p e t i t i o n  for grass. S h e e p  c a u s e d  d a m a g e  t h r o ug h 

their low g r a z i n g  ha bi t w h i c h  r e d u c e d  r e - g r o w t h  of 

p a s t u r e s  (N A H R S - A n n u a 1 Reports, 1980; 1981; 1982;

1983). This e x p l a i n s  why there is a d r a s t i c  d e c l i n e  in 

t r e n d s  of the e n v i r o n m e n t a l  (and p h e n o t y p i c )  

c o m p o n e n t s ,  a l t h o u g h  the a n i m a l s  were of hi gh er g e n e t i c  

m e r i t  h a v i n g  b e e n  s t e a d i l y  s e l e c t e d  for milk

p r o d u c t i o n  over the y e a r s  b e f o r e  1980.

On the b a s i s  of th es e o b s e r v a t i o n s ,  it w o u l d  be 

a d v i s a b l e  to i m pr ov e the m a n a g e m e n t  and f e e d in g sy st em 

 ̂ at NSS so as to m a t c h  the i m p r o v e m e n t  in the g e n e t i c

me r i t  so far a c h i e v e d  in S a h i w a l s  at NSS. This is
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s u p p o r t e d  by the fact that high levels of f e e d i n g  and 

m a n a g e m e n t  w h i c h  w e re in o p e r a t i o n  in the p e r i o d  1969- 

1973 r e s u l t e d  in p o s i t i v e  trends in e n v i r o n m e n t a l  (and 

p h e n o t y p i c )  c o mp on en ts .

4 . 5 . 2  C a l v i n g  interval 

4 . 5 . 2 . 1  G e n e t i c  P a r a m e t e r s

The h e r i t a b i l i t y  e s t i m a t e  (0.15 +_ 0. 10) is w i t h i n  

the range of va l u e s  r e p o r t e d  b e f o r e  in tropical c a t t l e  

(Alim, 1960; M a h a d e v a n  1966; Kimenye, 1978) but is not 

s i g n i f i c a n t  (P>.05). It would, therefore, be d i f f i c u l t  

to g e n e t i c a l l y  improve this trait t h r o u g h  s e l e c t i o n  in 

the p u r e b r e d  Sahiwal herd at the NSS.

Th e  r e p e a t a b i l i t y  e s t i m a t e  (0.39 +_ 0.2) found in 

this s t u d y  is not s i g n i f i c a n t l y  (P>.05) d i f f e r e n t  from 

zero. This i n d i c a t e s  that s e l e c t i o n  for s h o r t e r  c a l v i n g  

i n t e r v a l s  b a s i n g  on the first c a l v i n g  i n t e r v a l s  would 

be u n r e l i a b l e .  In general, c a l v i n g  interval and other 

tr a i t s  a s s o c i a t e d  w i th r e p r o d u c t i o n ,  have b o th very 

low h e r i t a b i l i t y  and r e p e a t a b i l i t y .  This m e a n s  that 

t e m p o r a r y  e n v i r o n m e n t  is an i m p o r t a n t  c o m p o n e n t  in the 

v a r i a t i o n  of these traits. Thus c a l v i n g  interval can be 

s h o r t e n e d  t h r o u g h  i m pr ov ed f e e d i n g  and general 

m a n a g e m e n t .
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4 . 5 . 2 . 2  G e n e t i c  and E n v i r o n m e n t a l  T r e n d s

The e s t i m a t e d  a v e r a g e  annua! ph en o t y p i c ,  g e n e t i c  

and e n v i r o n m e n t a l  c h a n g e  in c a l v i n g  interval were 

2 . 4 8  + 0.63, -0.23+_0.03 and 2.65 + 0 . 6 4  days, re s p e c t i v e l y ,  

and a l 1 the trends were hi g h l y  s i g n i f i c a n t  (P<.01). 

A l t h o u g h  the b r e e d i n g  p r o g r a m m e  i n d i c a t e s  that inte ns e 

s c r e e n i n g  and c u l l i n g  a g a i n s t  long c a l v i n g  i n t e r v a l s  

was s t a r t e d  in 1974 ( N A H R S -A nn ua l Reports, 1974; 1978; 

1980; 1981; 1982), d i r e c t  r e s p o n s e  to this s e l e c t i o n  

may have c o n t r i b u t e d  very little to the hi g h l y  

s i g n i f i c a n t  i m p r o v e m e n t  in r e p r o d u c t i v e  p e r f o r m a n c e  as 

i n d i c a t e d  by n e g a t i v e  g e n e t i c  trend in c a l v i n g  interval 

(Fig ur e 3). This is b e c a u s e  all traits r e la te d to 

r e p r o d u c t i v e  p e r f o r m a n c e  have, generally, v e r y  low 

h e r i t a b i l i t y  e s t i m a t e s  (M a h a d e v a n ,1966). However, 

K i m e n y e  (1978) has r e p o r t e d  a n e g a t i v e  g e n e t i c  

c o r r e l a t i o n  (- 0 . 3 2 + 0 . 0 7 )  b e t w e e n  milk y i e l d  and c a l v i n g  

interval. T h e r ef or e, the i m p r o v e m e n t  in the 

r e p r o d u c t i v e  p e r f o r m a n c e  as i n d i c a t e d  by the n e g a t i v e  

g e n e t i c  trends in c a l v i n g  interval si nc e 1974 may be 

a t t r i b u t a b l e  to c o r r e l a t e d  r e s p o n s e  to s e l e c t i o n  for 

mi l k y i e l d .

The p o s i t i v e  c o r r e l a t i o n  (r = 0 . 9 8 + 0 . 0 2 )  b e t w e e n  the 

p h e n o t y p i c  v a l u e s  and the e n v i r o n m e n t a l  c o m p o n e n t  

v a l u e s  over years, for the c a l v i n g  i n t e r v a l s  in this 

s t u d y  was h i g h l y  s i g n i f i c a n t  (P<0.01). A l t h o u g h  the 

m a g n i t u d e  of the a b o v e  m e n t i o n e d  c o r r e l a t i o n  is pa r t l y  

a t t r i b u t a b l e  to the p a r t - w h o l e  r e l a t i o n s h i p  in vo l v i n g



Figure 3: The Genetic, Phenotypic and Environmental Trends of Calving Interval.
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the e n v i r o n m e n t a l  c o m p o n e n t  and p h e n o t y p i c  values, it 

c o n f i r m s  that e n v i r o n m e n t a l  c o m p o n e n t  forms a very 

large p r o p o r t i o n  of the p h e n o t y p i c  va l u e s  of c a l v i n g  

i n t e r v a l s  at NSS. This p h e n o m e n o n  is well i l l u s t r a t e d  

by the c l o s e  a s s d c i a t i o n  b e t w e e n  the p h e n o t y p i c  and 

e n v i r o n m e n t a l  trends in F i g u r e  3.

It sh ou ld be no te d that the e n v i r o n m e n t a l  

c o m p o n e n t  (and h e n c e  p h e n o t y p i c )  va l u e s  were higher 

than those in the b a se year (1964) t h r o u g h o u t  the 

e n t i r e  st u d y  period. This is a t t r i b u t a b l e  to the lower 

e f f i c i e n c y  of AI t e c h n i q u e s  a d o p t e d  at NSS from its 

i n c e p t i o n  (in 1964) c o m p a r e d  to the natural s e r v i c e  and 

use of teaser bu ll s for heat d e t e c t i o n  prior to the 

f o r m a t i o n  of the NSS. A l s o  a large n u m b e r  of cows in 

1964 were the s e l e c t e d  S a h i w a l s  from the li ve stock 

i m p r o v e m e n t  c e n t r e s  (LICs). A l t h o u g h  the n o n - a d d i t i v e  

g e n e t i c  e f f e c t s  are in c l u d e d  in the e n v i r o n m e n t a l  

trends, it is not p o s s i b l e  to know their r e l a t i v e  

i m p o r t a n c e  as the m a g n i t u d e s  of h e r i t a b i l i t y  and 

r e p e a t a b i l i t y  e s t i m a t e s  are low.

The rapid d e c l i n e  in r e p r o d u c t i v e  p e r f o r m a n c e ,  as 

i n d i c a t e d  by the rise in the e n v i r o n m e n t a l  trends 

(Fig ur e 3), over the 1 9 6 8 - 1 9 7 0  p e r i o d  is largely 

a t t r i b u t a b l e  to the low e f f i c i e n c y  of the i n e x p e r i e n c e d  

AI t e c h n i c i a n s  (N A H R S - A n n u a  1 Report, 1968; 1969, 1970). 

I m p r o v e m e n t  in the r e p r o d u c t i v e  p e r f o r m a n c e  over the 

1 9 7 1 - 1 9 7 3  period, as i n d i c a t e d  by the d e c l i n e  in the 

e n v i r o n m e n t a l  tr en ds (Figure 3) is largely a t t r i b u t a b l e
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to the levels of f e e d i n g  and m a n a g e m e n t .  A v a i l a b i l i t y  

of feed was good thro ug ho ut , as there were e n o u g h  

p a s t u r e  and fodder ( l uc er ne hay and N a p i e r  grass). In 

ad di t i o n ,  there was s u p p l e m e n t a t i o n  of cows w i t h  da i r y  

meal c o n c e n t r a t e  high in energy, p r o t e i n  and mineral 

c o n s t i t u e n t s  ( N A H R S - A n n u a 1 Reports. 1970; 1972; 1973).

The i n c r e a s e  in the e n v i r o n m e n t a l  c o m p o n e n t  du r i n g  

the 1 9 7 4 - 1 9 7 8  pe r i o d  may be largely a r e f l e c t i o n  of 

the low a v a i l a b i l i t y  of p a s t u r e s  due to d r o u g h t  

c o n d i t i o n s  as e x p l a i n e d  in s e c t i o n  4.3.1. Howe ve r, over 

the 1 9 7 9 - 1 9 8 3  p e r i o d  m a n a g e r s  at NSS w e re strict 

r e g a r d i n g  the e f f i c i e n c y  of AI t e c h n i c i a n s  and heat 

d e t e c t i o n  was i m pr ov ed by t r a i n i n g  the h e r d s m e n  to 

a s s i s t  the AI t e ch ni ci an s. In additi on , there was 

i n t e n s e  s e l e c t i o n  a g a i n s t  long c a l v i n g  i n t e r v a l s  

(N A H R S - A n n u a  1 Reports, 1979; 1980; 1981; 1982), hence 

a n i m a l s  of good g e n e t i c  me r i t  w i th r e s p e c t  to 

r e p r o d u c t i v e  p e r f o r m a n c e  were r e t a i n e d  as sh o w n  by the 

g e n e t i c  trends (Figure 3).

It can, therefore, be s u g g e s t e d  that r e p r o d u c t i v e  

p e r f o r m a n c e  in S a h i w a l s  at NSS can be impr ov ed t h r o u g h  

i n c r e a s e d  levels of f e ed in g and m a n a g e m e n t  as was done 

in the p e r i o d  19 70 -1973; and that cl o s e r  a t t e n t i o n  be 

g i v e n  to AI s e r v i c e  and heat de te ct io n.
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4 . 5 . 3  B i r t h  We i g h t

4 . 5 . 3. 1 G e n e t i c  P a r a m e t e r s

The r e p e a t a b i l i t y  e s t i m a t e  0 . 4 8  +_ 0.05 is higher 

than those r e p o r t e d  in t e m p e r a t e  beef c a t t l e  (Dalton, 

1980) and in A f r i c a n  beef c a t t l e  un de r ra ng e c o n d i t i o n s  

(Trail e t  a/., 1971; T h o r p e  e t  a ! . ,  1980). Th es e

d i f f e r e n c e s  are p r o b a b l y  due to d i f f e r e n c e s  in the 

m e t h o d s  of a n a l y s i s  used. Howe ve r, the m a g n i t u d e  of 

the r e p e a t a b i l i t y  e s t i m a t e  in this st u d y  shows that 

d a ms can be s e l e c t e d  for m a te rn al p e r f o r m a n c e ,  with 

r e s p e c t  to b i r t h  weight, on the ba s i s  of r e c o r d s  of 

their first calves.

The h e r i t a b i l i t y  e s t i m a t e  0 . 4 0  +_ 0 . 0 7  is g e n e r a l l y  

hi g h e r  than those r e p o r t e d  by ot h e r  w o r k e r s  (Eve rr et 

and Magee, 1965; B r o w n  and Galvez, 1969; Koch, 1972; 

A r n a s o n  and K a s s a - M e r s h a ,  1987). T h e s e  d i f f e r e n c e s  

c o u l d  be due to d i f f e r e n c e s  in the breeds, l o ca li ty and 

the m e t h o d s  of a n a l y s i s  used. H o w e v e r , t h e  h e r i t a b i l i t y  

e s t i m a t e  found in this study, shows that g e n e t i c  

i m p r o v e m e n t  in mate rn al p e r f o r m a n c e ,  w i th r e s p e c t  to 

b i r t h  weight, c o u l d  be a c h i e v e d  t h r o u g h  s e l e c t i o n  of 

dams w h i c h  c a l v e  down to h e a v y  c a l v e s  at birth.

It can a l s o  be d e d u c e d  from the m a g n i t u d e s  of 

r e p e a t a b i l i t y  and h e r i t a b i l i t y  e s t i m a t e s  that the 

p e r m a n e n t  e n v i r o n m e n t a l  and the n o n - a d d i t i v e  g e n e t i c  

e f f e c t s  j o i n t l y  a c c o u n t  for 8% of the p h e n o t y p i c  

v a r i a n c e  of b i r t h  weights. T h e r ef or e, t e m p o r a r y  

e n v i r o n m e n t a l  e f f e c t s  form the largest p r o p o r t i o n  of
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the total of the e n v i r o n m e n t a l  e f f e c t s  in bi r t h  

weights.

4 . 5 . 3 . 2  G e n e t i c  and E n v i r o n m e n t a l  T r e n d s

The annual c h a n g e s  in the ph en o t y p i c ,  g e n e t i c  and 

e n v i r o n m e n t a l  c o m p o n e n t s  were - 0 . 0 2  +_ 0.02, 0 . 0 0 4  +_ 

0 . 0 0 3  and - 0 . 0 3  ±  0 . 0 2  kg, r e s p e c t i v e l y .  O n ly the 

e n v i r o n m e n t a l  trend was h i g h l y  s i g n i f i c a n t  (p<.0i). 

A l t h o u g h  b i r t h  w e i g h t  was found to be m o d e r a t e l y  

h e r i t a b l e  in this s t u d y , t h e  annual c h a n g e  in the 

g e n e t i c  c o m p o n e n t  was p o s i t i v e  and of v e r y  low 

m a g n i t u d e .  T h e s e  r e s u l t s  are as e x p e c t e d  si nc e there 

is no s e l e c t i o n  of dams on the ba si s of b i r t h  w e i g h t s  

of their calves.

The s e l e c t i o n  index c u r r e n t l y  used at NSS 

i n c o r p o r a t e s  the w e i g h t  of the test bu l l s  at 2 ye a r s  of 

age. B a s i n g  on the b r e e d i n g  plan (Figure 1) the 

s e l e c t i o n  i n t e n s i t y  of b u l l s  is 1.3. It is e x p e c t e d  

that the g e n e t i c  c o m p o n e n t  for b i r t h  weights, as trait 

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

to the s e l e c t i o n  index due to the g e n e t i c  c o r r e l a t i o n  

b e t w e e n  b i r t h  and w e i g h t  at 2 ye a r s  (Sacker e t  a l . ,  
1971; T a n e j a  e t  a l ., 1980). Koch, (1972) has r e p o r t e d  

that th er e is n e g a t i v e  g e n e t i c  c o r r e l a t i o n  b e t w e e n  

m a t e r n a l  a d d i t i v e  g e n e t i c  e f f e c t s  and the d i r e c t  

a d d i t i v e  e f f e c t s  in b i r t h  w e i g h t  . T h us the overall 

p o s i t i v e  g e n e t i c  trend c a n n o t  be as a re su lt of c u l l i n g  

c a l v e s  for b i r t h  w e i g h t s  less than 18 kg in the pe ri od
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1 9 6 8 - 1 9 7 8  (N A H R S - A n n u a  I Reports, 1969; 1972; 1978).

F r o m  the trends of g e n e t i c  c o m p o n e n t  in F i g u r e  4, 

however, it a p p e a r s  that the r e l a t i o n s h i p  is p o s i t i v e  

an d  small. T h e r e  is need, th er ef or e, to i n v e s t i g a t e  

this r e l a t i o n s h i p  f u r t h e r  in or de r to get a clear 

e x p l a n a t i o n  of the o b s e r v e d  tr en ds of the g e n e t i c  

c o m p o n e n t  of b i r t h  w e i g h t s  over the p e r i o d  c o v e r e d  in 

this study.

The annual c h a n g e s  for the p h e n o t y p i c  and 

e n v i r o n m e n t a l  c o m p o n e n t  v a l u e s  were s i m i l a r  in 

m a g n i t u d e .  This is c o n f i r m e d  by their h i g h l y

s i g n i f i c a n t  (pC.Ol) c o r r e l a t i o n  (r = 0 . 9 8+ 0. 1) a l so

i l l u s t r a t e d  by the c l o s e  a s s o c i a t i o n  of the trends of 

e n v i r o n m e n t a l  and p h e n o t y p i c  va l u e s  (Figure 4). T h e s e  

o b s e r v a t i o n s  show that the p h e n o t y p i c  trend is largely 

a r e f l e c t i o n  of the e n v i r o n m e n t a l  trend.

In this st u d y  60% of the p h e n o t y p i c  v a r i a n c e  for 

b i r t h  w e i g h t s  was due to the t e m p o r a r y  e n v i r o n m e n t a l  

effe ct s. It is, therefore, p o s s i b l e  to a s s o c i a t e  the 

s i g n i f i c a n t  e n v i r o n m e n t a l  trend w i t h  several s o u r c e s  of 

e n v i r o n m e n t a l  change. The four p o s s i b l e  r e a s o n s  wh y  the 

e n v i r o n m e n t a l  trend was n e g a t i v e  and h i g h l y  s i g n i f i c a n t  

(PC0.01) can be identified. First, the r e c o r d s  in the 

1 9 6 4 - 1 9 6 8  pe r i o d  w e re made by a p r e d o m i n a n t l y  large 

n u m b e r  of cows in p a r i t i e s  b e y o n d  4th lactation. This 

g r o u p  of cows have been a s s o c i a t e d  w i th s m a l l e r  ca l v e s  

at b i r t h  ( S ec ti on 4 . 2 . 3 ) .* Se co nd ly , the cows c a l v i n g  

in 1970 were p r e d o m i n a n t l y  th os e in p a r i t i e s  b e l o w  3rd
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lactation. This gr ou p of y o u n g  cows w e re a s s o c i a t e d  

w i th lighter b i r t h  w e i g h t  in this st ud y ( S ec ti on

4 . 2 . 3 )  . Thirdly, the year 1973 had low a v a i l a b i l i t y  of 

p a s t u r e s  as there was low rainfall and this may have 

a f f e c t e d  the p e r f o r m a n c e  of the dams thus r e s u l t i n g  in 

s m a l l e r  c a l v e s  b e i n g  b o rn in that y e ar ( N A H R S - A n n u a 1 

Report, 1973). Fourth ly , in the p e r i o d  1 9 7 6 - 1 9 8 2  the 

d r a s t i c  d r o p  in the e n v i r o n m e n t a l  trend c o u l d  be 

a s s o c i a t e d  w i t h  the residual e f f e c t s  of the very dry 

y e a r s  in the p r e v i o u s  p e r i o d  (1 97 4-1976). One of the 

p o s s i b l e  residual e f f e c t s  was the s h o r t e n e d  lo ng ev it y 

of cows in the herd and h e n c e  most of the c a l v e s  were 

of y o u n g  dams a s s o c i a t e d  w i th lighter c a l v e s  (Sec ti on

4 . 2 . 3 )  . In ad di t i o n ,  there was low a v a i l a b i l i t y  of 

p a s t u r e  c a u s e d  by the i n c r e a s e d  s t o c k i n g  rate on the 

p a s t u r e s  at NSS (N A H R S - A n n u a  I Reports, 1974; 1978; 

1983). The low a v a i l a b i l i t y  of feed n u t r i e n t s  to the 

p r e g n a n t  dams may have d e p r e s s e d  the bi r t h  weights.

The e n v i r o n m e n t a l  c o m p o n e n t  va l u e s  can be i m pr ov ed 

t h r o u g h  high levels of f e e d i n g  and m a n a g e m e n t .  This is 

c o n f i r m e d  by the p e r f o r m a n c e  o b s e r v e d  u n d e r  good 

pa st ur es , s u p p l e m e n t a t i o n  of dry s e a s o n  g r a z i n g  with 

fo dd er and s u p p l e m e n t a t i o n  of high y i e l d i n g  dams as 

was p o s s i b l e  In the ye a r s  1969, 1972 and 1974 (NAHRS- 

A n n u a  1 Reports, 1969; 1972; 1974). Low s t o c k i n g  

d e n s i t y  and p l a n n e d  r o ta ti on al g r a z i n g  on p a s t u r e s  as 

was done in 1983 c o u l d  b e ^ a n o t h e r  way of i m p r o v i n g  the

e n v i r o n m e n t a l  c o m p o n e n t  (N A H R S - A n n u a  1 Reports, 1983).
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Figure 4: The Phenotypic, Genetic and Environmental Trends of Birth Weight.
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4 . 5 . 4  Age at 55 kg L i v e w e i g h t

4 . 5 . 4 . 1  G e n e t i c  P a r a m e t e r s

The age at 55 kg li v e w e i g h t  had a r e p e a t a b i l i t y  

e s t i m a t e  of 0 . 4 6 + 0 . 0 3 .  Thus s e l e c t i o n  for dams on 

b a s i s  of calf p e r f o r m a n c e ,  w i th r e s p e c t  to AGE55, could 

be done b a s i n g  on the first calf records. The 

h e r i t a b i l i t y  e s t i m a t e  for A G E 5 5  was 0 . 35 +_ 0.05, wh ic h 

s u g g e s t s  that s e l e c t i o n  c o u l d  be e x p e c t e d  to lead to 

g e n e t i c  p r o g r e s s  in A G E 5 5  in S a h i w a l s  at NSS. However, 

b e c a u s e  c a l v e s  are not s u c k l e d  r e p e a t a b i l i t y  and

h e r i t a b i l i t y  of A G E 5 5  is a d i r e c t  re su lt of the 

c a r r y - o v e r  e f f e c t  of prenatal u t e r i n e  e n v i r o n m e n t  and 

genes sh a r e d  b e t w e e n  dam and calf. This is s u p p o r t e d  by 

s i m i l a r i t y  of these p a r a m e t e r  e s t i m a t e s  w i th those of 

b i r t h  weight. The d i f f e r e n c e  b e t w e e n  the h e r i t a b i l i t y  

and r e p e a t a b i l i t y  e s t i m a t e s  in this s t u d y  show that the 

n o n - a d d i t i v e  g e n e t i c  e f f e c t s  to g e t h e r  w i th the

p e r m a n e n t  e n v i r o n m e n t a l  e f f e c t s  a c c o u n t  for 11% of the 

p h e n o t y p i c  v a r i a n c e  of the m a te rn al p e r f o r m a n c e .  

Howe ve r, the p r o p o r t i o n  of the v a r i a n c e  due to n o n 

a d d i t i v e  g e n e t i c  e f f e c t s  is not known.

4 . 5 . 4 . 2  G e n e t i c  and E n v i r o n m e n t a l  T r e n d s

The annual p h e n o t y p i c ,  genetic, and e n v i r o n m e n t a l  

c h a n g e s  in A G E 5 5  were 5 . 26 +0 .2 5, - 0 . 0 5 + 0 . 0 4  and

5 . 3 1 + 0 . 2 6  days, r e s p e c t i v e l y  and were hi g h l y

s i g n i f i c a n t  (p<.01) e x c e p t ^ t h e  g e n e t i c  c o m p o n e n t  w h i c h  

was not s i g n i f i c a n t  (p>.05). This was e x p e c t e d  since
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th er e was no s e l e c t i o n  for AGE55. The yea r 1 y

f 1u c t u a t  i on o f the g e n e t i c c o m p o n e n t has very I ow

a m p  1i tude a b o u t the ba s e 1 i ne (1964) . The c a u s e  of t he

f l u c t u a t i o n  c a n n o t  be e x p l a i n e d  si nc e the g e n e t i c  

r e l a t i o n s h i p s  b e t w e e n  this trait and the other traits 

s e l e c t e d  for in the Sahiwal at N S S f m i l k  yield, w e i g h t  

at two y e a r s  of age, and c a l v i n g  interval) are not 

k n o w n .

The p h e n o t y p i c  v a l u e s  were found to have a hi g h l y  

s i g n i f i c a n t  c o r r e l a t i o n  ( r = 0 . 9 9 + 0 . 0 1 )  w i th the

env i r o n m e n t a 1 c o m p o n e n t  over the yea r s , wh i l e the

g e n e t i c  trend was v i r t u a l l y zero (Figure 5) . This

r e l a t i o n s h i p i m p l i e s  that the p h e n o  typ i c trend for

A G E 5 5  is m a i n l y  due to the e n v i r o n m e n t a l  trend. 

Un d e r  the calf f e ed in g s y s t e m  at Na iv asha, w h e r e  ca lv es 

ar e  not s u c k l e d  t h r o u g h o u t  their p r e - w e a n i n g  period, 

the c o n t r i b u t i o n  of the dam to AG E5 5 ne gl i g i b l e .  

T h e r e f o r e  e n v i r o n m e n t a l  c o m p o n e n t  v a l u e s  of AG E 5 5  are 

largely a f f e c t e d  by the diet p r o v i d e d  at p r e - w e a n i n g  

stage.

Over the pe r i o d  c o v e r e d  in this s t u d y  the 

e n v i r o n m e n t a l  c o m p o n e n t  va l u e s  i n d i c a t e  that the gr ow th 

p e r f o r m a n c e  in the interval from b i r t h  to 55 kg 

l i v e w e i g h t  d e t e r i o r a t e d  g r a d u a l l y  b e f o r e  1970 and 

r a p i d l y  t h e r ea ft er . This sh ow s that the two feed in g 

r e g i m e s  for c a l v e s  did not meet the n u t r i t i v e  

r e q u i r e m e n t s  of g r o w t h * o f  the calves. F u r t h e r m o r e ,

the c u l l i n g  of s m a l l e r  c a l v e s  at b i r t h  left h e a v i e r  and



Figure 5: The Phenptypic, Genetic and Environmental Trends in the age at 55 kg Liveweight.
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a c t i v e  c a l v e s  w h o s e  n u t r i e n t  r e q u i r e m e n t s  for 

c o u l d  p r o b a b l y  not be met by the f e ed in g regimes.

t

growth

♦
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5.0 C O N C L U S I O N S

The f o l l o w i n g  c o n c l u s i o n s  can be d r a w n  from this 

s t u d y :-

(a) S a h i w a l s  un d e r  e x t e n s i v e  p r o d u c t i o n  s y s t e m s  as at 

NSS, N a i v a s h a  are a b l e  to p r o d u c e  1662 kg of milk in a 

l a c t a t i o n  of 3 0 5 - d a y  milk y i e l d  w i t h o u t  calf at foot. 

B e s i d e s  this pr od u c t i o n ,  it is able to p r o d u c e  a calf 

of a b o u t  23 kg b i r t h  w e i g h t  e v e r y  426 days w h i c h  a t t a i n  

a l i v e w e i g h t  of 55 kg at 98 days of age.

(b) C o r r e c t i o n  of data for year of b i r t h  or calving, 

c o l l e c t e d  over d i f f e r e n t  years, is r e c o m m e n d e d  w h i l e  an 

a 11 -y e a r - round c a l v i n g  sh o u l d  be e n c o u r a g e d  at NSS. 

Data, c o l l e c t e d  on cows in d i f f e r e n t  parities, s h o u l d  be 

c o r r e c t e d  for p a r i t y  w h i l e  p r e - w e a n i n g  w e i g h t  or growth 

data s h o u l d  be c o r r e c t e d  for sex. The r e l a t i o n s h i p  

b e t w e e n  sex of calf and c a l v i n g  interval of dam should 

be i n v e s t i g a t e d  f u rt he r e s p e c i a l l y  with r e s p e c t  to 

c u r r e n t  and p r e v i o u s  calf.

(c) R e p e a t a b i l i t y  and h e r i t a b i l i t y  va l u e s  s u g g e s t e d  

that g e n e t i c  i m p r o v e m e n t  of milk yield, b i r t h  we i g h t  

A G E 5 5  and c a l v i n g  interval co u l d  be a c h i e v e d  t h r o u g h  

i m p r o v e m e n t  in f e e d i n g  and ma na g e m e n t .

(d) The t e m p o r a r y  e n v i r o n m e n t a l  e f f e c t s  were, as

ex pe cted, largely r e s p o n s i b l e  for a large p r o p o r t i o n

of the p h e n o t y p i c  v a l u e s  o b s e r v e d  in this study. Thus

the p h e n o t y p i c  (and e n v i r o n m e n t a l )  trends w e re largely

a r e f l e c t i o n  of v a r i a t i o n  in c l i m a t i c  c o n d i t i o n s
♦

T h e r e f o r e ,  the need to i m p r ov e the e n v i r o n m e n t  t h ro ug h
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b e t t e r  f e e d i n g  and m a n a g e m e n t  of the a n i m a l s  at NSS is 

im pe rative. In fu tu re s t u d i e s  e m p h a s i s  sh o u l d  be on 

n u t r i t i o n  and feed in g of the Sahiwal c a t t l e  at NSS.

(e) The low annual g e n e t i c  c h a n g e  in milk yield, 

s u g g e s t e d  low e f f i c i e n c y  of the animal e v a l u a t i o n  

p r o c e d u r e s  u s e d  at NSS. T h is p r o c e d u r e  s h o u l d  be 

r e p l a c e d  by more a c c u r a t e  p r o c e d u r e s  of such as the 

b e st linear u n b i a s e d  p r e d i c t i o n  (BLUP) pr oc e d u r e s .  To 

in c r e a s e  g e n e t i c  p r o g r e s s  and m a i n t a i n  the Sahiwal as a 

dual p u r p o s e  c a t t l e  b r e e d  there s h o u l d  be e m p h a s i s  on 

s e l e c t i o n  for milk y i e l d  and growth. A l t h o u g h  there 

w e re little annual g e n e t i c  c h a n g e s  in bi r t h  w e i g h t  and 

AG E 5 5  there is need to i n v e s t i g a t e  the c o r r e l a t i o n  

b e t w e e n  th es e two tr a i t s  and the ot he r traits i n cl ud ed 

in the s e l e c t i o n  criteria.

(f) The g r e a t e r  m i l k i n g  c a p a c i t y  and the general 

a d a p t a b i l i t y  to e x t e n s i v e  h u s b a n d r y  c o n d i t i o n s  ma ke sJ
NSS the m o st s u i t a b l e  s o u r c e  of the Sahiwal dam br ee d 

in c r o s s b r e e d i n g  with B o s  t a u n t s  b r e e d s  in the arid 

and s e m i - a r i d  lands (ASAL). For the NSS to c o n t i n u e  to 

p l ay a leading role as s o u r c e  of s e e d s t o c k  in fu tu re 

the herd sh o u l d  be, o p e n e d  so that g e n e t i c  r e s o u r c e s  of 

ot he r Sahiwal he rd s not c l o s e l y  r e l a t e d  to the c u r r e n t  

herd at N a i v a s h a  will be i n c o r p o r a t e d  to form a wider 

g e n e t i c  base. In ad di t i o n ,  the NSS herd sh o u l d  be 

e x p a n d e d  w h i l e  p r i v a t e  b r e e d e r s  s h o u l d  be given 

i n c e n t i v e s  to start a n d / o r  e x p a n d  their he rd s wh i c h  

will p r o v i d e  e n o u g h  test cows for a c c u r a t e  e v a l u a t i o n
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of b u l l s  as well as m e e t i n g  the local and ex p o r t  

demand. The o p e n i n g  and e x p a n s i o n  of the Sahiwal herd 

at NSS, if done s i m u l t a n e o u s l y ,  will e n s u r e  a lower 

rate of i n b r e e d i n g  in the fu tu re herd than what is 

a t t a i n a b l e  in the c u r r e n t  herd.



90

6. 0 R E F E R E N C E S
A c h a r y a  P.M. and Nagpal M.P. (1971). S t u d i e s  on Sahiwal 

da i r y  herd records. G e n e t i c  and p h e n o t y p i c  

p a r a m e t e r s  for milk p r o d uc ti on .

Indian J'.Anim. Sci., 41 : 5 1 1

Ag gr a w a l ,  S.P.; Vasava, M.N. and Buch, N.C. (1972).

S e a s o n l i t y  and p r e d i c t i o n  of r e p r o d u c t i v e  

p e r f o r m a n c e  in K a n k r e j  cows.

Indian J. D a i r y , S c i . ,  25^: 135.

Ahmed, I.A. and Tantawy, A.O. ( 1954). G r o w t h  in

E g y p t i a n  c a t t l e  d u r i n g  the first two y e a r s  of 

age.

A l e x a n d r i a  J. Agric. Res., 2 ( 1 ) : 1.

Alim, K.A. (1960). R e p r o d u c t i v e  rate and milk y i e l d  of 

Ke n a n a  c a t t l e  in the Sudan.

J. Agric. Sci., 55: 183.

Alim, K.A. (1962). E n v i r o n m e n t a l  and g e n e t i c  fact or s 

a f f e c t i n g  milk p r o d u c t i o n  of B u t a n a  c a t t l e  in 

the Sudan.

J. D a i r y  Sci., 4J3: 242.

Alim, K.A. (1964). R e p r o d u c t i v e  p e r f o r m a n c e  of N o r t h e r n  

c a t t l e  in a herd in the Sudan.

Z. Tierzlichtg. Z U c h t g s b i o l .  80_: 224.

A m b l e , V . N . ,  K r i s h n a n , K . S . a n d  S o n i ,P .N .(1958). Age at 

first c a l v i n g  and c a l v i n g  interval for some 

Indian herds of cattle.

Indian J. Vet. ^ c i . , 28:83.

An de rs en , H. (1970). I n v e s t i g a t i o n  on the r e l a t i o n s h i p



91

An de rs on ,

A r na s o n ,

Asker, A

B a la i n e ,

Barker,

Basu, S.

Batra, T.

b e t w e e n  milk y i e l d  in the first lactation, 

age at first and s e c o n d  c a l v i n g  season. 

Aberetn. I n s t . S t e r i 1itet forsk. K. Vet.

J. (1944). The p e r i o d i c i t y  and d u r a t i o n  of 

o e s t r u s  in Z e b u  and G r a d e  cattle.

J. Agric. Sci., 33: 57.

T. and K a s s a - M e r s h a , H. (1987). G e n e t i c  

p a r a m e t e r s  of g r o w t h  of E t h i o p i a n  Bo ra n 

ca 1 1 1e .

Anim. Prod. 4 4 ( 2 ) ; 201.

. A . ; El -I tr ib y, A.A. and B e d e ir ,L .H . (1958).
(

E n v i r o n m e n t a l  f a c t or s a f f e c t i n g  milk 

p r o d u c t i o n  in E g y p t i a n  cows.

Indian J. D a i r y  Sci., 11:113.

D.S. (1971). P h e n o t y p i c  and g e n e t i c

p a r a m e t e r s  of some e c o n o m i c  traits in H a r i a n a  

cattle.

Indian J. D a i r y  Sci., 24: 25.

J.S.F. and R o b e rt so n, A. (1966). G e n e t i c  and 

p h e n o t y p i c  p a r a m e t e r s  for the first three 

l a c t at io ns in F r i e s i a n  cows.

Anim. Prod., 8: 221.

B., B h a t na ga r, D.S. and Taneja, V.K., (1982).

G e n e t i c  a n a l y s i s  of se c o n d  and third 

la ct a t i o n  r e c o r d s  of T h a r p a r k a r  cattle.

Indian J. D a i r y  Sci., 52: 1007.

R. and Desai, R.«N. (1964). F a c t o r s  a f f e c t i n g

milk p r o d u c t i o n  in Sahiwal cows.



92

B a y o u m  i ,

Becker,

Bell, G. H

BhaI la,

Bhat, P.N

Bhat, P.N

Bha tnagar

Indian J. Vet. Sci., 34_: 158.

M.S. and D a na so ur y, M.S. (1963). The ef f e c t  

of l a c t a t i o n  nu m b e r  and m o n t h  of c a l v i n g  on 

milk p r o d u c t i o n  in a herd of S u d a n e s e  d a i r y  

cat 1 1 e'.

Indian J. D a i r y  Sci., 16_: 34.

W.A. (1967). Manual of P r o c e d u r e s  in 

Q u a n t i t a t i v e  Geneti cs .

W a s h i n g t o n  St a t e  Un iv e r s i t y .

P u 1 1 m a n ,U a s h i n g t o n , 70 pp.

; Da vi dson, J.N. and S c a r b o r o u g h .  H. (1970).
I

T e x t b o o k  of P h y s i o l o g y  and B i o c h e m i s t r y , .  

L o n g m a n s  G r o u p  Ltd. Ed in bu rg h.

I.C.; Sengar, D.P.S. and Soni, B . K . ( 1 9 6 7 ) .  

S t u d i e s  on p o s t p a r t u m  o e s t r u s  in M u r r a h  

b u f f a l o e s  and Sahiwal cows and fact or s

a f f e c t i n g  them.

Indian J. D a i r y  Sci., 20;189.

, Sharma, B.S. and Garg, R.C. (1980). G e n e t i c  

s t u d i e s  on p r o d u c t i o n  tr ai ts in T h a r p a r k a r  

cattle.

Indian J. Anim. S c i . .50;542.

and C h a n d r a m o h a n ,  K.K. (1982). F a c t o r s

a f f e c t i n g  b i r t h  w e i g h t  in Sahiwal cattle. 

Indian J. Anim. Sci., 52_: 561.

D.S.; Taneja, V.K. and Basu, S.B. (1982). 

E f f e c t  of g e n e r i c  and e n v i r o n m e n t a l  s o ur ce s

of v a r i a t i o n  on total la ct a t i o n  y i e l d  of



93

T h a r p a r k a r  cattle.

Indian J. Anim. Sci., 52: 1.

Biswas, J.C.; Saxena, M . M . ; Kumar, M. and K a us hi k, S.N.

(1982). F a c t o r s  a f f e c t i n g  milk y i e l d  in

F r i e s i a n - H a r i a n a  halfbreds.

Indian J. Anim. Sci., 52^: 123.

Brody, S. (1945). B i o - e n e r g e t i c s  and Growth.

New York, R e i n h o I d ,1023 p.

B r o t h e r  stone, S. (1987). The va lu e and m e t h o d s  of 

'correcting milk r e c o r d s  for c a l v i n g  interval 

or days dry.

Anim. P r o d . 44: 322.

Brown, C. J. and Galvez, V. (1969). Maternal and other 

e f f e c t s  on b i r t h  w e i g h t s  of beef cattle.

J. Anim. Sc. 2Q_: 162.

Butts, W.T., Mc Cu rley, J.R. and Bovard, K.P. (1984).

G r o w t h  p a t t e r n s  of Angus, H e r e f o r d  and 

S h o r t h o r n  cattle.

II. R e l a t i o n s h i p  of g r o w t h  p a t t e r n s  of dams 

w i th p r o g e n y  pe r f o r m a n c e .

J. Anim. S c i ., 59: 1205.

C a r d e l l i n o ,  R .A . and Castro, L.S.D. (1987). E f f e c t

of c a l v i n g  s e a s o n  on b o dy w e i g h t  at b i r t h  and 

w e a n i n g  of N e l l o r e  c a l v e s  in P a r a n a  State, 

Braz i 1 .

A.B.A. 55.: 5440.

Chabra, A.D., Acharya, M. and S u n d a r e s a n ,  D. (1970).

Ef fe ct of ag e  and b o dy w e i g h t  at f r e s h e n i n g



on milk p r o d u c t i o n  in H a r i a n a  cattle.

I. R e l a t i v e  i m p o r t a n c e  of ag e  and b o dy we i g h t  

at f r e s h e n i n g  on milk p r o d u c t i o n  in H a r i a n a  

cattle.

Indian J. D a i r y  Sci., 23: 1.

Chopra, R.C.; B h at na ga r, D.S. and Gurn an i, M. (1973).

In fl u e n c e  of s e r v i c e  p e r i o d  on la ct a t i o n

length and la ct at io n y i e l d  in Sahiwal, Red

r
Sindhi and B r o w n  S w i s s  c r o s s b r e d  cows.

Indian J. D a i r y  Sci., 26^: 263.

Clark, R. D. and T o u c h b e r r y ,  R.W. (1962). E f f e c t  of 

b o dy w e i g h t  and age at c a l v i n g  on milk 

p r o d u c t i o n  in H o l s t e i n  cattle.

J. D a i r y  Sci., 4!5: 1500.

C u n n i n g h a m ,  E.P. (1972). C o m p o n e n t s  of v a r i a t i o n  in 

da i r y  cow p r o d u c t i o n  records.

Ir. J. Agric. Res., 1_1_: 1.

D a dl an i, H . V . ; C h a n d i r a m a n i , S.V. and Prabhu, S.S.

(1969). Q u a n t i t a t i v e  g e n e t i c  s t u d i e s  in 

Ind i an cattle.

III. C a l v i n g  interval in Hariana.

J. Anim. Morph. Ph ys io l. , 1J5: 203.

D a d l a n i , H . V .  and P r a b h u , S . S .  (1968). Her i tab i 1i ty and

genet ic cor re 1 at i on of dry pe r i o d o f

p r e c e d  i ng 1 a c ta t ion and milk yi e l d in

s u c c e e d i n g  la ct a t i o n  in Hariana.

Indian J. D a i r y  £ c i . ,  2A_i 126.

Dal ton,C. (1980). An I n t r o d u c t i o n  to Pr ac ti ca l Animal



95

Br ee d ing.

E n g l i s h  lang ua ge Book S o c i e t y  and G r e n a d a  

London. 166 pp.

Da n a s o u r y ,  M. S. and B a y o u m i , M.S. (1963). S e r v i c e  

period, c a l v i n g  interval, l a c t a t i o n  pe ri od

and their e f f e c t s  on milk y i e l d  in S u d a n e s e  

d a i r y  cattle.

J. Anim. Prod. ( U . A . R . ), 3: 45.

D e n i s , J . P  and Valenza, J. (1 968). S t u d y  on i m p o r t a n c e  of 

z e bu c a t t l e  in Senegal. In: P r o c e e d i n g s

S e c o n d  W o r l d  C o n f e r e n c e  on Animal P r o d u c t i o n  

U n i v e r s i t y  of Maryla nd , U.S.A.

D h a r m e n d r a ,  K. and Narain, P. (1978). L a c t a t i o n  

c o r r e c t i o n  f a c t o r s  and r e p e a t a b i l i t y  of 

r e p r o d u c t i o n  and lo ng e v i t y  in T h a r p a r k a r  

cattle.

Indian J. D a i r y  Sci., 1J3: 163.

D* Souza, C. ; Bhat, P.N. and M u k u nd an i, C. (1979).

G e n e t i c  s t u d i e s  on some im po r t a n t  e c o n o m i c  

traits in Red Sindhi and its crosses.

Indian J. D a i r y  Sci., 49_: 247.

Dutt, M . , Sharma, R.C., Tomar, S.P.S. and Singh, B.P.

(1974). A n a l y s i s  of T h a r p a r k a r  herd of Ut ta r 

Pradesh.

Indian Vet. J. , 51j 583.

Elzo, M.A., Pollack, E.J. and Quaas, R.L. (1987).

G e n e t i c  t r e n d s ^  due to b u l 1 s e l e c t i o n  and 

d i f f e r e n t i a l  u s a g e  in Si mm ental po pu l a t i o n .



96

J. Anim. S c i . , 64(4) : 983.

Ever re t, R.U. and Magee, W.T. (1965). Mate rn al

a b i l i t y  and g e n e t i c  a b i l i t y  of b i r t h  w e i g h t s  

and g e s t a t i o n  length.

J. D a i r y  Sci., 48: 957.

Fa rt hi ng , B.R. and L e g a t e s , J .E. (1958). R e l a t i o n

b e t w e e n  w e i g h t  and p r o d u c t i o n  in d a i r y  

cattle.

J. D a i r y  Sci., 4J^: 747.

Fa ul kn er , D.E. and Brown, J.D. (1953). The i m p r o v e m e n t  

of c a t t l e  in B r i t i s h  colo ni al t e r r i t o r i e s  in 

A f r i c a .

Pub 1. Co 1 o n . A d v . Counc. Agr i c. Anim. H 1th.

For . (L o n d o n ) . No. 3: X i 1 + 144 pp.

Foster, W.H. (1961). The b r e e d i n g of W h i t e  Fulani

c a t t l e  at Shika Nigeria. 

A.B.A. 29: 1371.

G a l u k a n d e ,  E.B. ; M a h a de va n, P. and Black, J.G. (1962).

Milk p r o d u c t i o n  in East A f r i c a  Zebu cattle. 

Anim. Prod., 4: 329.

Gh a f o o r ,  M . A . ;S a k h a r e ,P .G . and D e s h p a n d e ,K .S . (1980).

Br e e d  c h a r a c t e r i s t i c s  of Red K a n d h a r i  cattle. 

Indian J. Anim. Sci., 52: 561.

Ghel on i, M.S. and Malik, D.D. (1967). E f f e c t  and 

r e l a t i o n s h i p  of dry pe r i o d  with e c o n o m i c  milk 

tr ai ts of Sahiwal cows.

Indian J. D a i r y ^ S c i . ,  20_: 161.

Gill, G. S. and Balaine, D.S. (1971). The e f f e c t s  of



97

G o p a !, D

G r eg or y,

Greg or y,

Gregory,

Greg or y,

v

g e n e t i c  and n o n - g e n e t i c  f a ct or s on la ct at io n 

yi el d and l a c t a t i o n  length in H a r i a n a  cattle.

J. Res. Punjab, Agric. Univ., 8: 263.

an d  B h at na ga r, D.S. (1972). The e f f e c t  of 

age at first c a l v i n g  and first la ct a t i o n  

y i e l d  on life time p r o d u c t i o n  in Sahiwal. 

cattle.

Indian J. D a i r y  Sci., 25: 129.

K .  E.; Cundiff, L.V.; Smith, G.M.; L a s t e r  D.B.

ar>d Fi tz hu gh , H.A.Jr. (1978).

c h a r a c t e r i z a t i o n  of bi o l o g i c a l  types of 

cat 1 1e - c y c 1e II.

I. B i r t h  and w e a n i n g  traits.

J. Anim. Sci., 47: 1022.

K .  E., Smith, G.M. and Cundiff, L . V . , Koch, 

R.M. and L a s t e r , D . B .  (1979). C h a r a c t e r i z a t i o n  

of bi o l o g i c a l  types of c a t t l e - c y c l e  III.

I. B i r t h  and w e a n i n g  traits.

J. Anim. Sci. 48.: 271.

K.E. and Trail, J.C.M. (1981a). R o t a t i o n  

c r o s s b r e e d i n g  w i t h  Sahiwal and A y r s h i r e  

c a t t l e  in the tropics. ILCA, Nairobi, Kenya, 

1981. W o r k i n g  D o c u m e n t  No. 22.

K.E. and Trail, J.C.M. (1981b). C o m p a r i s o n  of 

Sahiwal and Small East A f r i c a n  Z e bu br e e d s  

for lactation,♦ g r o w t h  and v i a b i l i t y

ch ar a c t e r s . ILCA Na i rob i , Kenya 1981.



98

W o r k i n g  D o c u m e n t  No. 22.

H a r r i c h a r a n ,  H . P . ; M a h a d a r a n i ,  B. and Sp ri ng er , B.C.F.

(1976). The p e r f o r m a n c e  of S a n t a  G e r t ru di s, 

Sahiwa), B r a h m a n  and C r o s s b r e d  a n i m a l s  in 

i n t e r m e d i a t e  S a v a n n a h s  of Guyana.

II. B i r t h  w e i g h t  and p r e - w e a n i n g  p e r f o r m a n c e .  

J. Agric. ( C a m b . ). 87.! 269.

H e n d e r s o n , C . R .  (1973). S i re e v a l u a t i o n  and g e n e t i c  

trends. In: P r o c e e d i n g s  of the animal

b r e e d i n g  g e n e t i c s  s y m p o s i u m  in ho n o u r  of Dr. 

Jay L. L u sh Page 10 

ASAS, ADSA. C h a m p a i g n  I.L.

H i ll ,U .G . (1971). I n v e s t m e n t  ap pr a i s a l  for national 

b r e e d i n g  pr og r a m m e s .

Anim. P r o d .13:37.

Hunter, R.H.F. (1985). R e p r o d u c t i o n  of F a rm Animals. 

E n g l i s h  L a n g u a g e  Book S o c i e t y / L o n g m a n  

L o n g m a n  House, B u r n t  M i l l , H a r l o w ,

Essex, C M 2 0  2JE England.

J o h n a n s s o n ,  I. and Rendel, J. (1968). G e n e t i c s  and 

Animal Br ee ding.

O l i v e r  an d  Boyd, E d i n b u r g h  and L o n d o n  xi +
\

489 pp.

Johar, K.S. and Taylor, C.M. (1967). C a l v i n g  

i n t e r v a l s  of Sahiwal and Red Sindhi cows.

JNK VV, Res. , J-. , 7: 44.
■f*

*
J o h a r ,K .S .and T a y l o r  C . M . (1970). V a r i a t i o n  in c a l v i n g



99

Johnson,

J o s h  i , N

Ka v i tka r .

K h a n n a ,

K h o 1i , M

K i m e n y e ,

interval in T h a r p a r k a r ,  M a r i a n a  and M a 1vi 

c o w s .

Indian V e t . J . , 47.: 223.

A . O . ; B u v a n e n d r a n ,  I. and Oyejola, B.A. 

(1984). D a i r y  c a t t l e  potential of Bunaji 

(White F u l a ni ) and B o k o l o j i  (Sokoto G u d a 1i ) 

b r e e d s .

Trop. Agric. (Trinidad) 6X<4): 267.

.R. and Ph il l i p s ,  R.W. (1953). Zebu 

c a t t l e  of India and Pakistan.

F.A.O. Agric. Stud. (Rome) No. 19: 256 pp. 

A.G.; Saxena, P.N. and C h o u d h a r y ,  R.K. 

(1968). M i lk y i e l d  of Sahiwal cows in 

r e l a t i o n  to age at first calving. L a c t a t i o n  

length, s e r v i c e  and dry periods.

Indian J. D a i r y  Sci., 21_: 155.

R.S. and Bhat, P.N. (1971). The g e n e t i c  

a r c h i t e c t u r e  of Sahiwal cattle.

I. Milk yield.

Indian J. Anim. Sci., 4 1 : 1091.

,L . ; S u r i . K . R . ;  Bh at na ga r, V.K. and Lo hi a. K. L. 

(1961). S t u d i e s  on some e c o n o m i c  c h a r a c t e r s  

in r e l a t i o n  to age at first c a l v i n g  in 

Har iana cattle.

Indian J. D a i r y  Sc i. , 1 4 :154.

M.D. (1973). C o m p a r i s o n  of A y r s h i r e  and 

Sahiwal ^crossbred cows w i th high grade

Ayrshire on Kilifi Farm, Coast Province,



100

K i menye, 

*

K i m e n y e ,

K i w u w a ,

K i w u w a ,

Koch, R

Koch, R

K e n y a .

M.Sc. Thesis, U n i v e r s i t y  of Nairobi, 95 pp.

D. (1978). A g e n e t i c  s t u d y  of the K e n y a  

Sah i w a 1 b r e e d .

Ph.D. T h e s i s  U n i v e r s i t y  of Nairobi.

D. and Russell, W.S. (1975). C o m p a r i s o n  of 

A y r s h i r e  x Sahiwal cows with h i g h  grade 

A y r s h i r e s  in Kenya.

E. Afr. agric. For. J., 40: 416.

G.H. (1973). The e f f e c t s  of n o n - g e n e t i c  

f a ct or s on d a i r y  c a t t l e  p e r f o r m a n c e  in East 

Africa. II. T e s t i n g  for s e a s o n  and pa ri ty 

e f feet s .

E. Afr. agric. For. J., 37: 342.

.H. (1974). P r o d u c t i o n  c h a r a c t e r i s t i c s  for

F r i e s i a n  and J e r s e y  d a i r y  c a t t l e  on p r i v a t e l y  

ow ne d farms in Kenya.

E. Afr. agric. For. J. 39.: 289.

M. (1972). The role of mate rn al e f f e c t s  in 

animal b r e e d i n g  .

VI. M a te rn al e f f e c t s  in beef cattle.

J. Anlm. Sci. 3 5 : 1316.

M. and Clark, R.T. (1955). G e n e t i c  and

e n v i r o n m e n t a l  r e l a t i o n s h i p s  a m o n g  the

e c o n o m i c  c h a r a c t e r s  in beef cattle.

III. E v a l u a t i n g  m a te rn al e n v i r o n m e n t a l .

J. Anim. S c i ., l i :  979.



101

Kuma r ,S . (1982). G e n e t i c and p h e n o t y p i c r e l a t i o n s h i p s

a m o n g v a r i o u s m e a s u r e s  of r e p r o d u c t  i ve

p e r f o r m a n c e  in H a r i a n a  and T h a r p a r k a r  cows. 

Indian J. Anim. Sci., 5 2 : 150.

K u s h w a n a ,N.S. (1964). H e r i t a b i l i t y  and r e p e a t a b i l i t y  of 

c a l v i n g  interval in Sahiwal d a i r y  cattle. 

Kanpur, agric. Coll. J., 2A_: 23.

K u s h w a n a ,  N.S. and Misra, R.C, (1969). S t u d y  of some 

e c o n o m i c  c h a r a c t e r s  in d a i r y  c a t t l e  as 

i n f l u e n c e d  by age at first calving.

Indian J. D a i r y  Sci., 22: 81.

Ledic, I.L.; Miranda, J.F. D. ; Pereira, C.S.; Fonseca,

G.G. and Silva, L.C.D. (1987). E n v i r o n m e n t a l  

e f f e c t s  on body w e i g h t  in T a p a b u a  cattle, 

B r a z i 1.

A.B.A. 55.: 1416.

Li n d s t r o m ,  U.B. and Solbu, H. (1978). S t u d i e s  on milk 

r e c o r d s  from Kenya. II. S y s t e m a t i c  e f f e c t s  

on p r o d u c t i o n  traits.

Z. Tierzlichtg. Zlichtgsbio 1 .

M a h a d e v a n ,  P. (1953). The general life and p r o d u c t i o n  

s t a t i s t i c s  of S i n h a l a  c a t t l e  of Ceylon.

Emp. J. Exp. Agric. 2JL: 55.

M a h a d e v a n ,  P. (1966). B r e e d i n g  for m i lk p r o d u c t i o n  in 

t r o p i c a  1 cattle.

C.A.B. T e c h n i c a l  c o m m u n i c a t i o n s  No. 17. 

F a r n h a m  Royal, Bucks, E n g l a n d  122 pp.■f*



102

Ma h a d e v a n

M a h a d e v a n

Ma i j a l a ,

M a l i k  B.

Malik, D.

Mason, I

Mason, I

, P . ; G a l u k a n d e ,  E.B. and B l a c k  J.G. 

(1962). A g e n e t i c  s t u d y  of the Sahiwal 

g r ad in g up s c h e m e  in Kenya.

Anim. Prod., 4: 337.

P. and Marples, H.J.S. (1961). An a n a l y s i s  

of the E n t e b b e  herd of N g a n d a  c a t t l e  in 

U g a n d a .

Anim. Prod. 3: 29.

. (1978). B r e e d i n g  for im p r o v e d  r e p r o d u c t i o n

in cattle.

Wld. Rev. Anim. Prod. X I V : 65.

. and Ghai G . C . (1978). A n o te on some 

p r o d u c t i o n  c h a r a c t e r i s t i c s  of Gir cattle. 

Indian J. Anim. S c i. ; 4 8: 1

and Sindhu, B.S. (1968). In fl u e n c e  of 

s e r v i c e  p e r i o d s  on total m i lk p r o d u c t i o n  and 

la ct a t i o n  length in Sahiwal cows.

Indian Vet. J., 45.: 597.

L. (1965). R e p o r t  to the g o v e r n m e n t  of Ke ny a 

on the Nati on al Sahiwal Stud, No. 1965.

FAO, Rome.

L . ; Vial, V.E. and Thomps on , R. (1972). 

G e n e t i c  p a r a m e t e r s  of beef c h a r a c t e r s  and 

g e n e t i c  r e l a t i o n s h i p  b e t w e e n  meat and milk 

p r o d u c t i o n  in B r i t i s h  F r i e s i a n  cattle.

Anim. Prod. 14: 135.

♦



103

Meyn, K, (1970). Beef p r o d u c t i o n  in East A f r i c a

I n f o - i n s t i t u t  fur W i t s c h a f f t s  forschung. 

W e l t f o r u m  Verlag. M U n c h e n  W e st Germany.

Meyn, K. and Wilkins, J.V. (197/»). B r e e d i n g  for milk 

in Kenya, w i th p a r t i c u l a r  r e f e r e n c e  to the 

Sa h i wa 1 St ud .

Wld. Anim. Rev. (FAO) 1_1_: 293.

Mosi, R . 0. (1980). S o me f a c t or s a f f e c t i n g  r e l i a b i l i t y

of w i t h i n  ranch p e r f o r m a n c e  t e s t in g of beef 

bu ll s in K e n y a .

M.Sc. thesis U n i v e r s i t y  of Ed in bu rg h,

M s a n g a ,  Y . N . ; Syrstad, 0. and Mgheni, M. (1986).

In fl u e n c e  of s e a s o n  of bi r t h  on we ig ht

for age in two g e n e t i c  groups of cattle.

Trop. Anim. H l th and Prod. 1£3( 4) : 217. 

M w a n d o t t o ,  B.A.J. (1985). Weight, gr o w t h  and m a t u r i n g  

c h a r a c t e r i s t i c s  of K e n y a  Sahiwal cattle.

Ph.D. T h e s i s  T e x a s  A and M U n i v e r s i t y  U.S.A. 

M w a n d o t t o ,  B.A.J. (1986). E n v i r o n m e n t a l  f a c t or s

i n f l u e n c i n g  p r o d u c t i v i t y  of Sahiwal c a t t l e  at 

Na i vasha.

In: P r o c e e d i n g s  of c o n f e r e n c e  on Ra ng e

D e v e l o p m e n t  and Re se arch, Egerton,

Njoro, Kenya.

N a g p a l ,  M.P. and Acharya, R.M. (1971). S t u d i e s  on

Sahiwal d a i r y  herd records: E f f e c t  of non-

g e n e t i c  factors.

Indian J. Anim. Sci., 4 1 : 515.



10^

Na t i onal

Na t i onal

Na t i ona l

N a ti on sl

Na t i onal

Na t i ona l

Na t i o n a l

Na t i onal

N a ti on al

Animal H u s b a n d r y  R e s e a r c h  S t a t i o n  (NAHRS),

Naivasha, K e n y a  (1964).

Annual Report.

Animal H u s b a n d r y  R e s e a r c h  S t a t i o n  (NAHRS),

Na iv asha, Ke ny a (1966).

Annual Report.

Animal H u s b a n d r y  R e s e a r c h  S t a t i o n  (NAHRS), 

Naivasha, Ke ny a (1967).

Annual Report.

Animal H u s b a n d r y  R e s e a r c h  S t a t i o n  (NAHRS),

Na iv asha, Ke ny a (1968).

An nu a 1 Repor t .

Animal H u s b a n d r y  R e s e a r c h  S t a t i o n  (NAHRS),

Naivasha, Ke n y a  (1969).

Annual Report.

Animal H u s b a n d r y  R e s e a r c h  S t a t i o n  (NAHRS),

Naivas ha , K e n y a  (1970).

Annual Report.

Animal H u s b a n d r y  R e s e a r c h  S t a t i o n  (NAHRS), 

Naivasha, Ke ny a (1972).

A n n u a  1 Repo r t .

Animal H u s b a n d r y  R e s e a r c h  S t a t i o n  (NAHRS),

Na iv asha, Ke ny a (1973).

Annual Report.

Animal H u s b a n d r y  R e s e a r c h  S t a t i o n  (NAHRS),

Na iv asha, K e n y a  (1974).

An n u a  1 Report.



105

Na ti onal

Na t i ona I

Na t i ona l

Na ti ona l

N a t i o n a l

Na t i ona l

Na ti onal

Nat i onal

Na t i onal

Animal H u s b a n d r y  R e s e a r c h  

Naivas ha , K e n y a  (1975). 

Annual Report.

Animal H u s b a n d r y  R e s e a r c h  

Na iv asha, K e n y a  (1976). 

An nu a 1 Report.

Animal H u s b a n d r y  R e s e a r c h  

Na iv as ha , Ke ny a (1977). 

Annual Report.

Animal H u s b a n d r y  R e s e a r c h  

Naivas ha , K e n y a  (1978). 

A n n u a  1 Repo r t .

Animal H u s b a n d r y  R e s e a r c h  

N a i v a s h a  , Ke ny a (1979). 

An n u a  1 Re po r t .

Animal H u s b a n d r y  R e s e a r c h  

N a i v a s h a  Ke n y a  (1980).

An n u a  1 Report.

Animal H u s b a n d r y  R e s e a r c h  

N a i v a s h a  , Ke ny a (1981). 

A n n u a  1 R e p o r t .

Animal H u s b a n d r y  R e s e a r c h  

N a i v a s h a  , K e n y a  (1982). 

Annual Report.

Animal H u s b a n d r y  R e s e a r c h  

N a i v a s h a  , K e n y a  (1983). 

An n u a  1 Re po r t . ^

S t a  t i o n

Sta t i o n ,

S t a t i o n ,

S t a t i o n

S t a t i o n

S t a t i o n

S t a t i o n

S t a t i o n

S t a t i o n

( N A U R S ) ,

( N A H R S ) ,

( N A U R S ),

( N A H R S ) ,

( N A H R S ) ,

( N A H R S ) ,

( N A H R S ) ,

(NAHRS) ,

( N A H R S ) ,



106

Ngere, L.O. (1970). E n v i r o n m e n t a l  fact or s i n f l u e n c i n g  

m i lk yi e l d  of H a r i a n a  cattle.

Diss. Abstr. Int. B., 3J_: 3.

Ngere, L.O. and C a m e r o n , C . W .  (1972). C r o s s b r e e d i n g  for 

i n c r e a s e d  beef prod uc ti on .

I. P e r f o r m a n c e  of c r o s s e s  b e t w e e n  local b r e e d s  

and ei t h e r  Sa nt a G e r t r u d i s  or Red Poll.

G h a n a  J. Agric. Sci., 5: 43.

Oden dr a, B.A.; Kaushik, S.N. and Ka rp atal, B.G. (1978).

S o u r c e s  of v a r i a t i o n  in milk p r o d u c t i o n  in 

G i r cattle.

Indian J. Anim. Sci., 48: 1.

Ol iv ei ra , F.E. B. ; Lobo, R.B. and Duarte, F.A.M. (1986).

R e p r o d u c t i v e  e f f i c i e n c y  of Gir d a i r y  cows. 

A.B.A. 54 (1 ) : 199.

Osman, A.H. (1972). S t u d i e s  on S u d a n e s e  i n d i g e n o u s  

cattle.

II. E n v i r o n m e n t a l  f a c t or s i n f l u e n c i n g  

r e p r o d u c t i v e  rates and milk p r o d u c t i o n  under 

range co nd i t i o n s .

Trop. Agric. (Trinidad), 49: 143.

P a r m a r . S . N .  and Johar, K.S. (1982). E f f e c t  of sire, 

period, s e a s o n , a n d  p a r i t y  on milk y i e l d  of 

T h a r p a r k a r  cows.

Indian J. Anim. Sci., 52: 782.

*



107

Patil, R .R. and Kale, K.M. (1986). E f f e c t  of non- 

genet, ic f a c t o r s  on milk p r o d u c t i o n  of Gir 

w i t h  Ho 1s t e i n - F r i e s i a n  and J e r s e y  half 

b r e e d s .

Indian J. Anim. Sci., 56^: 968.

P l a n a s . T . (1987). P r e - w e a n i n g  p e r f o r m a n c e  of a herd of 

C r i o l l o  c a t t l e  in Cuba.

A.B.A. 5 5 ( 6 );3455.

P r a b h u , S . S . ,M u k h e r j e e , S . L .  and C h a t t e r j e e ,  S . N . (1 96 1) .

E f f e c t  of g e o g r a p h i c a l  location, sex of calf 

and p a r i t y  on g e s t a t i o n  pe r i o d  of c e r t a i n  

Indian c a t t l e  breeds. J.Anim. Morph. 

P h y s i o l . ,8:22.

Pratt, D . 1.; Gr ee nw ay , P.I. and Gwyne, M.D. (1966). A 

c l a s s i f i c a t i o n  of East A f r i c a n  rang el an ds .

J. Appl. Ecol., 3: 369.

Rao, A.R. ; Sastry, A.P. ; Reddy, K.K. and Rajulu, P.V.

(1969). S t u d i e s  on r e p r o d u c t i v e  c h a r a c t e r s  of 

O n g o l e  cattle.

I. Age of first c a l v i n g  i n t e r - c a 1ving pe ri od 

and sex ratio.

Indian Vet. J. 46^: 679.

Rege, J.E.O. and Mosi, R.O (1988). An a n a l y s i s  of the 

K e n y a n  F r i e s i a n  B r e e d  from 1968 to 1984. 

G e n e t i c  and E n v i r o n m e n t a l  T r e n d s  and r e l a te d 

p a r a m e t e r s  of milk p r od uc ti on .

Bull. Anim. H e a l t h  and Prod. Africa.

(In Press),



108

Sacker, G.

Sacker, G

Sadana, D

S c h a e  f fer ,

Sharma, G.

Singh, K .

Singh, S .

D. and Trail, J.C.M. (1966). Milk p r o d u c t i o n  

of A n k o l e  c a t t l e  of Uganda.

T r o p  Agric. (Trinidad) 4(3: 247.

.D .; Trail, J.C.M. and Fisher, I.L. (1971). 

C r o s s b r e e d i n g  beef ca t t l e  in W e s t e r n  Uganda.

2. E n v i r o n m e n t a l  i n f l u e n c e s  on body weight. 

Anim. Prod., 1_3: 134.

•K. and T r i p a t h i ,V .N . ( 1 9 8 6 ) . G e n e t i c  trend in

milk y i e l d  of e x o t i c  c a t t l e  in India.

In: 3rd Wo r l d  C o n g r e s s  on G e n e t i c s  A p p l i e d

to L i v e s t o c k  P r o d u c t i o n

Lincoln, N e b r a s k a  USA, J u l y  16-22, 1986. 213 

IX. B r e e d i n g  P r o g r a m s  for d a i r y  and beef 

cattle, wa te r buffalo, s h e e p  and goats.

L.R. (1976). M a x i m u m  li k e l i h o o d  e s t i m a t i o n

of v a r i a n c e  c o m p o n e n t s in d a i r y c a t t l e

b r e e d  i ng and research.

J. Dairy. S c i . . 59(12): 2146.

P. ; Va 1 i, K. N. and Sur i , K. R. (1951). S t u d i e s

on the M a r i a n a  b r e e d  of cattle.

Res. Bull. E. P a n j a b  Univ., Zoo I . , 18_: 57.

. and Ch o u d h u r y ,  S.K.C. (1961). In fl u e n c e  of 

age at first c a l v i n g  on the first la ct a t i o n  

p e r f o r m a n c e  in d a i r y  cattle.

Indian J. D a i r y  Sci., _14̂ : 95.

B. and Desai, R.N. (1961). I n h e r i t a n c e  of

some e c o n o m i c  c h a r a c t e r s  in H a r i a n a  cattle.
*

I. Age at first c a l v i n g



109

Singh,

Singh,

Singh,

Singh,

Singh,

I I . Peak yi el d

III. Milk y i e l d

IV. L a c t a t i o n  pe ri od

Indian J. D a i r y  Sci., 14j 141-153.

. B. and Desai, R.N. (1962). I n h e r i t a n c e  of 

some e c o n o m i c  c h a r a c t e r s  in H a r i a n a  cattle.

V. Dry per iod.

VI. C a l v i n g  interval.

Indian J. D a i r y  Sci., 1_5: 1-14.

R.A. and Desai, R.N. (1966). E f f e c t  of body

w e i g h t  and age at c a l v i n g  on milk p r o d u c t i o n  

in c r o s s b r e d s  ( H o s l t e i n  X S a h i w a l )  as 

c o m p a r e d  to Sahiwal cattle.

I. Ef fe ct of b o dy w e i g h t  on milk prod uc ti on . 

Indian J. Vet. Sci., 36_: 72.

i . B .  and butt, M. (1961). Some fact or s a f f e c t i n g  

the bi r t h  w e i g h t  in Sahiwal cattle.

Indian J. D a i r y  Sci., 14:37. 

t. N. and Pandey, R.S. (1970). The e f f e c t  of the 

s e a s o n  and year of c a l v i n g  on the e c o n o m i c  

tr ai ts of H a r i a n a  cows in Bihar.

Indian J. Vet. Sci., 4_5: 407.

R.N. and Prasad, R . B . (1968). G e n e t i c  and 

p h e n o t y p i c  s t u d i e s  of c a l v i n g  interval of 

H a r i a n a  c a t t l e  in Bihar.

Indian V e t .J . .45;407.

O.N. and Sinha, ,N.C. (1960). E f f e c t  of age at
«■

fi rs t c a l v i n g  on milk p r o d u c t i o n  of e c o n o m i c

Singh,



110

c h a r a c t e r s  in Sahiwal cows and M u r r a h  

Buf f a )o e s .

Indian J. D a i r y  Sci., 3_1_: 220.

Singh, R.B., Sharma, S.C. and Singh, S. (1958).

In fl u e n c e  of the s e a s o n  of c a l v i n g  and 

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

H a r i a n a  cows.

Indian J. D a i r y  Sci., 1J_: 154.

Singh, C.S. P. ; Singh, D.K.; Mishra, H.R. and P. Kumar.

(1982). Some m i l c h  c h a r a c t e r s  in Red Sindhi 

c o w s .

Indian Vet. J. , 52: 683.

S z k o t n i c k i ,  W. J. jT on g, A.K. W. ; Sharaby, M.A.; Krotch, 

K.M.; Johnson, L.F. and S c ha ff er , L.R. 

(1978). Sire and cow e v a l u a t i o n  in B r o w n  

Swiss, C a n a d i e n n e  and M i l k i n g  Sh or th or n.

J. D a i r y  Sci., 61_: 497.

Taneja, V.K. ; Bhat, P.N. and Garg, R.C. (1973). G e n e t i c  

and p h e n o t y p i c  c o r r e l a t i o n s  am o n g  tr ai ts of 

g r o w t h  and p r o d u c t i o n  for Sahiwal and Sahiwal 

x H o l s t e i n  Cr os s b r e d s .

Indian J. D a i r y  Sci., 3X: 141.

Taneja, V . K . ; Basu, S . B . ; B h a t na ga r, D.S. and Rao, 

V.P. (1980). G e n e t i c  and n o n - g e n e t i c  fact or s 

a f f e c t i n g  b o dy w e i g h t s  in B r o w n  Sw i s s  X 

Sahiwal crosses.

Indian J. Dairjf Sci., 33.: 341.



111

Thorpe, W. C r u i c k s h a n k ,  D.K.R. and Th om ps on , R . (1980).

G e n e t i c  and e n v i r o n m e n t a l  i n f l u e n c e s  on beef 

c a t t l e  p r o d u c t i o n  in Z a m b i a . 2. L i v e w e i g h t s  

for age of p u r e b r e d  and r e c i p r o c a l l y  

c r o s s b r e d  progeny.

Anim. Prod. 3(): 323.

Thorpe, W., C r u i c k s h a n k ,  D.K.R. and Th om p s o n ,  R.

(1981). G e n e t i c  and e n v i r o n m e n t a l  in fl u e n c e  

. on beef c a t t l e  p r o d u c t i o n  in Zambia.

4. Me a n e r  p r o d u c t i o n  from p u r e b r e d  and 

r e c i p r o c a l l y  c r o s s b r e d  dams.

Anim. Prod. 33.: 165

Tomar, S.S. and Arora, K.L. (1972). S t u d i e s  on the 

b r e e d i n g  e f f i c i e n c y  of H a r i a n a  cattle. Age 

at first calving.

Indian Vet. J., 49.: 364.

T o m a r , N . S .  and Mittal, K.K. (1960). S i g n i f i c a n c e  of the 

c a l v i n g  s e a s o n  in H a r i a n a  cows.

Indian Vet. J. 37.: 367.

Tonn, R. (1974). The s u i t a b i l i t y  of B o r a n  and its 

c r o s s e s  w i t h  E u r o p e a n  b r e e d s  for beef 

p r o d u c t i o n  un de r ra ng e c o n d i t i o n s  in Kenya.

> Ph.D. T h e s i s  U n i v e r s i t y  of Go tt in ge n.

Tonn, R. (1976). S e l e c t i o n  c r i t e r i a  for beef ca t t l e  

b r e e d i n g  un de r e x t e n s i v e  c o nd it io ns .

Anim. Prod. Res. 3: 105.

*



112

T o u c h b e r r y ,  R.W. (1967). A st ud y of N d a m a  c a t t l e  at 

the Mu s a i a  Animal H u s b a n d r y  S t a t i o n  in Si e r r a  

L e o n e .

Illi no is Agr. Exp. S t a t i o n  Bull. No. 724. 

Trail, J.C.M. and Greg or y, K.E. (1981). P r o d u c t i o n  

c h a r a c t e r s  of the Sahiwal and A y r s h i r e  b r e e d s  

and their c r o s s e s  in Kenya.

1LCA, Nairobi, Kenya. W o r k i n g  D o c u m e n t  No. 22 

Trail, J . C . M . ; Sacker, G.D. and Fisher, I.L. (1971).

C r o s s b r e e d i n g  beef c a t t l e  in W e s t e r n  Uganda.

3. G e n e t i c  a n a l y s i s  of b o dy weights.

Anim. Prod. 1_3: 12531.

Willham, R.L. (1972). The role of maternal e f f e c t s  in 

animal breeding.

III. B i o m e t r i c a l  a s p e c t s  of mate rn al effects' 

i n ati i ma 1 s .

J. Anim. Sci., 3 5 ( 6 ) : 1288.

W i l l i a m s o n ,  G. and Payne, W.J.A. (1978). An

I n t r o d u c t i o n  to Animal H u s b a n d r y  in the 

Tropics, xix + 435.

Longmans, G r e e n  and Co. Ltd. London.

Willis, M.B.; Wood, P.D.P. and K a s p a r , A . (1972).

F a c t o r s  a f f e c t i n g  body w e i g h t  at b i r t h  and at

90 days of age in p u r e b r e d  and c r o s s b r e d

c a t t l e  in a tropical e n v i r o n m e n t .

J. Agric. Sci., (Camb.). 7Q_: 227.

♦

U M V tB S IT f, f jF  h 'u ifc fjk ,
L m q a R v


