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ABSTRACT 

Genetic parameters were estimated, and alternative selection models for age at 
first calving, milk yield and lactation length examined usin2 759 first lactation records from 
Tharparllar cows. Heritability estimates by half·sib correlations were 0.24, Q.37, 0.03 and 
0.0 for age at first calving, 305-day milk yieldS, lactation length and calving interval res­
pectively. Within period phenotYPic correlations of lactation length with milk yields and 
calving interval were strongly pos itive. Genetic correlat ions Were -·0,43 between milk 
yield and age al first calving. 0.56 between milk yield and lactation length , -0.38 between 
age at first calving and lactation length, and zero among others. 

Direct selection for milk yield or age at first calving would result in correlated 
cha11lle in lactation length mO~e than direct selection for the trnit. Direct selection for milk 
yield would result in moderate dedine (improvement) in age at fi rst calving and vice-versa . 

. The index invol~ing age at f ... st calving. first lactation milk yield and lactation length 
(RIH - 0.69) would give an expected genetic change of + 257.74 kg as against 2SS.I!} kg 
from direct selection for milk yield. 

After nearly 2 decades of cross-breed­
,mg, renewed interest has been erea ted 
iii India to preserve and improve some of 
its elite pure breeds of cattle. Tharparkar 
is one such breed which has been chosen 
for selective breeding. A knowledge of 
·the influence of heredity and environment 
·on the economic traits is required to dove­
.lop breeding programmes designed to 
increase the net merit. 
. The environmental factors influencing 
production traits in Tharparkar have 
been identified and investigated by 
SIngh et al. (1962), Dass et al. (1971), 
S4arma et al. (1972) and Nagpaul and 
Bhatnagar (1971). However, most of 
the genetic estimates reported a[c biased 
because of inappropriate models accoun­
ting for confounding of sire with period 
iii these data. The present study was 
undertaken to obtain reliabLe estimates 
of heritability and genetic correlations for 
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first lactation traits, and to examine the 
direct and correlated responses to selec­
tion for these traits. 

MATERIALS AND METHODS 

First lactation performance records of 
759 Tharparkar cows of this Institute 
spread over a period from 1932 to 1972 
were utilized . The years were classified 
into 4 periods according to the distri­
bution of sires avoiding overlapping of 
sirEts in 2 consecutive periods as far as 
possible. Sires with minimum of 2 
records were considered. The traits 
studied were : age at first calving, 305 
or less days milk yield, lactation length 
and calving interval. A standard Jeast­
squares analysis of variance (Harvey, 
1966) was utilized to study the effects of 
periods, sire, month of calving and dams' 
parity. The following mathematical 
mixed model was used : 

Ytlklm =c u .+ Pi + SJj + mk + 
dl + elllrim 

where Y \Jklm is the actual lactation record; 
u is the overall mean; 
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PI is the effect of the ith period; 
SI) is the effect of the jth sire in 

the ith period; 
mk is the effect of kth month; 
d 1 is the effect of the Ith parity 

of calving of the dams; and 
ellldm is the random error. 

The sires were considered as random 
",bile other main effects were treated as 
fixed. Heritabilities and genetic corre­
lations were obtained from sire compo­
nents of variances and covadances. 

Assuming a selection differential of 
one standard deviation, the expected 
genetic change from single trait selection 
was calculated as : 

.' t:,. G~ = hx PI 
where hi represents the heritability 

of the trait. The expected correlated 
genetic change in trait Y was expressed 
!!.S: 

L;.CGy ~ h". h y • ~g.y. ap, .. 

The change produced in each indivi­
dual as a result of selection on the index 
Was calculated as the regression of each 
genotypic value (G I) on tho index : 

t:,.G = i. b'G!! Vb'pb units of 
change in each trait. 

where G1 is ith column of genotypic 
variance-covariance matrix; 

b is vector of weighting factors 
for each traits in the index; 
and 

P is the matrix of phenotypic 
variance 5 and covariances. 

RESULTS AND DISCUSSION 

The mean performances along with 
standard deviation and coefficient of 
variation for the 4 traits aTC presented in 
Table 1. The average milk yield was 
;2.011 .16 kg with a coefficient of vari­
ab iI i ty of 32.87 %. The milk yield in the 

. present study was much higher than those 
reported by Amble et al. (1958), Singh 
et al. (! 962), Sharma et al. (1972) and 
Taneja (1974) for Tharparkar breed. 

The average age at first calving of 
39.03 months was lower than in other 

herds. Th.e comparatively lower age at 
calving was negative because of genetic 
correlation between milk production and 
age at first calving in this herd. 

The results of analysis of variance are 
given in Table 2. The effect of period of 
calving was significant for all the traits 
except first calving interval. The first 
lactation milk production decreased sharp­
ly over the periods though the lactation 
length increased. The fall in production 
was partly due to use of pedigree-selected 
bulls which proved to be inferior and 
partly due to increase in overall sizCl of 
the herd. During the same period, the 
age at first calving increased from 32.58 
to 39.S1 months. 

The effect of month of calving was not 
significant for all the traits except age at 
first calving, which agreed with the obser­
vations of Nagpaul and Bhatnagar (1971) 
and Sharma et al. (1972). Heifers calving 
in February had least age at first calving 
and those calving in November had 
highest age. Darn's parity of calving 
was a non-significant source of variation 
in the first lactation performance of the 
progeny. 

The differences among sires were only 
significant for age at first calving and 
305-day milk yield. The heritabilityesti­
mate of milk yield was O.37±O.12. The 
present estimate was higher thaD the 
estimate of 0.08:icO.07 obtained by 
Gurnani el at. (1976) which was based on 
data corrected for period effects. As the 
period and sire effects were confounded. 
the correction for period effect simulta­
neously eliminated some of the sire diffe­
rences in their data. The age at first 
calving had a heritability estimate of 
0.24:±' 0.10. This was in agreement with 
the estimate of 0.21 obtained by Dass 
el al. (1971) but was lower than the value 
of 0.48 reported by Amble et al. (1958). 
However, it was higher than the estimate 
of 0.I7±0.1O reported by Gurnani et at. 
(1976) for Tharparkar animals. Singh 
(1957) obtained a very low estimate of 
0.05, which was not significantly different 
from zoro . The moderate estima.te of 
heritability of age at first calving and 
milk yield in this study suggested that 
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Table l. Least·squares means and standard errors for first lactation traits in Tharparkar cows 

::t'rai15 n Age at first 305 ·day lactation Days in CI\Iving iaterval 
cal.inll (months) yiekl (kg) lactation (days) 

Overall 
mean 753- 39.0 ± 0.5 2011.2 ± 62.8 316.~ ± 4.5 447.5 ± 6.6 

.Period 

1 230 32.6 ± 0.7 2459.8 ± 84.6 294.5 ± 6.0 435.2 ± 8.7 
.2 190 43.2 ± 0.7 2090.5 ± 89.7 290.3 ± 6.6 443.3 ± 9.1 
3 155 40.6 ± 0.8 1909.5 ± 96.6 y t5.0 ± 6.7 462.7 ± 9.6 
4· 178 39.8 ± 0.7 1585 .0 ± 85.2 337.3 ± 6.5 447.1 ± 10.0 

,M«;>n!hs 

1. 86 39.2 ± 0.8 2104.1 ± 88.0 308.8 ± 8.3 425.3 ± 12.7 
.i! 95 36.9 ± 0.8 2121.2 ± 86.4- 320.2 ± 8.1 459.0 ± 12'3 
3 101 38.'1 ± 0.7 203LO ± 84.5 312.0 ± 7.8 414.9 ± 11.4 
'I, 103 38.1 ± 0.7 2011.5 ± 83.9 326.~, :!.: 7.7 463.5 ± 11 .8 
S 10 38.6 ± 0.8 1910.8 ± 94.0 311.1 ± 9.1 450.4 ± 13.9 
.(i 45 39.4 ± 1.0 2042.6 ± 107.7 H6.S ± 10.8 452.9 ± 16.7 
7 43 38.5 ± 1.0 ISI2.? ± 112.9 298.1 ± 11.5 442.7 ± 17.7 

· 8 50 39.6 ± 1.0 1942.7 ± 105.4 31 l.0 ± 10.5 439.8 ± 16.2 
<) 30 40.6 ± 1.2 1\\52.9 ± 126.0 :\13.7 ± H.I 432.6 ± 20.3 
10 32 39.1 ± l.l 1966.5 ± 123.2 318.4 ± 12.8 476'4 ± 19.7 
.11 l7 41.1 ± 1.1 2168.2 ::': 117.8 336.2 ± 12.1 450.6 ± 18.7 
);2 61 39.1 ± 0.9 2060,4 ± 99.3 309.4 ± 9.8 426.0 ± 15.0 

Dam's parity 

J 187 39.4 ± 0.6 2098.5 ± 70.3 325.4::': 5.8 454-0 ± 8.6 
:2 152 19.7 ± 0.6 2008.4 ± 12.4 318.9:::6.1 460.5 ±n 

·,3 123 39.3 ± 0.7 2137.8 ± 76.9 326.1 ± 6.8 458.8 ± 10.2 
4 74 39.5 ± 0.8 )999.5 ± 88.7 19'U ± 8.4- 428.2 ± 12.8 
.,5 10 39.2 ± 0.8 1984.0 ± 90.0 309.4 ± 8.6 445.3 ± 13.1 
6 47 39.4 ± 0.9 1992.5 ± 104.7 319.7 ± 10.S 440.7 ± 16.1 
7 42 ~.6 ± 1.0 1918.7 ± J()8.2 :\19.6 ± 10.9 453.6 ± 16.S 
8 23 38.9 ± 1.3 2014.1 ± 1:>9.5 305.6 ± 14.7 420.3 ± 22.3 
9 20 31.9 ± 1.3 1849.2 ± 145.1 299.2 ± 15,4 432.0 ± 23.9 
~9 8 35.5 ± 2.1 1990.3 ± 220.1 288.8 ± 24.1 47.8.1 ± 37.6 
11 7 ~9.9 ± 2.3 2129.8 ± 243.6 372.3 ± 26.8 494.7 ± 41'8 

Table 2. Analysis of variance for economic traits in Tharparkar cows 

:Sources of variation d.f. Mean sum of squares 
~ 

Age al first 305·day Days in Calving 
calving lactation yield lactation interval 

:Feriod of calving 3 4241.740 • 260()9868.18·· 141117.21·· 22871.45 
SIreS within periods 69 48.74·· 680487,49·· 4676 . ~4 10091.33 
.MQnths of calving ] I 64.86·' 441989.30 SU7.01 11808.17 
Dahl9' parity 10 2l.86 33\817.69 1S43.78 9602.SS 
error 659 30.25 342414.87 4>24.87 10526.32 

• p '" 0.05; •• p < 0.01 • 
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Table 3. Estimates of correlations and heritability in Tharparkar cows 

Parameters 

lOS.day milk yield with 
(i) Lactation length 
(ii) Ago at first calving 

(iii) Calving intervdl 
Lactation length with 

(i) Age at fir.t calving 
(ii) Calving interval 

Calving interval with 
(i) Age at lirst calving 

Phenotypic 

0.506 
0.025 
0.254 

0.019 
0.472 

0.117 

these two traits could be improved. through 
nl3.Ss selection. The lactation length and 
calving interval had heritability estimate 
of 0.034 and 0, respectively, indicating 
that these would respond to the choice of 
better management practices. 

Phenotypic and environmental corre· 
lations indicated strong association bet­
ween milk yield and lactation lengHl. 
However, the genetic correlation was very 
low, indicating that this relationship was 
entirely due ' to environmental causes. 
The genetic relationship between age at 
first calving and milk yield was moderate 
and negative while environmental corre­
lation was positive. This probably resul­
ted in very low phenotypic correlation. 
The negativo genetic correlation between 
milk yield and age at first calving will 
aid the imprvvement of milk yield by 
placing negative emphasis on high ago 
at first calving. Lactation length and 
age at first calving had negative genetic 
correlation of -O.38± O.79, while th.e 
environmental and phenotypic correla­
tions were low. The phenotypic corre­
lation between lactation length and calving 
interval was 0.472, while the genetic and 
environmental correlations were zero. 

The results from various selection 
models involving single trait and index, 
using the parameter estimates from this 
study, are detailed. in Tables 4 and 5. The 
expected changes have been calculated 
assuming a selection differential of one 
standard deviation. Of interest is the 
fact that selection for milk yield would 
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Correlations Heritability 

Genetic Environmental 

0.372 ± 0.117 
0.561 ± 0,519 0.598 

-0.430 ± 0.211 0.302 
0.0 0.0 

0.034 ± 0.076 
--0.381 ± 0.792 0.149 

0.0 0.0 
0'0 

0.0 (l,0 0'239 ± 0.102 

result in correlated change in lactation 
length which is more than direct selection 
for the trait. Similarly the correlated 
change in lactation length on account 
of selection for age at first calving was 
slightly higher than the direct selection 
for lactation length. However, it may be 
mentioned that the lactation length in 
this herd was 315 days. Hence, further 
increase in lactation length would not be 
desirable, though tbe increase may be 
una voidable because of positive genetic 
correlation between milk yield and lacta­
tion length unless a restriction is put. The 
direct selection for milk yield WOUld ' 
result in moderate decline in age at first 
calving. Similarly, direct selection for 
age at first calving would bring in increase 
in milk yield which was much lower than 
that obtained by direct selection. The 
estimates of heritability for calving inter­
val being zero, no changes on account of 
direct or indirect selection would be ex­
pected. The results on the whole suggested 
that single-trait selection for milk yield 
alone will be effective to improve simul­
taneously milk yield and ago at first cal­
ving. Increase in lactation length in 
this popUlation will not be desirable 
because of positive phenotypic correlation 
between lactation length and calving 
interval. 

Response on account of index selection 
was also computed. Two indexes were 
construct~d, one considering milk yield 
and age at first calving, and the second 
milk yield, age at first calving and lacta-
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Table 4. Direct and collateral responses from 
si~gle trait selection based on a selection diffe­

rential of one standard deviation 
.. ~ ., :~ 

Trait 
S(!lected 

Milk. yield 
Age ;it lst 

Milk 
yield 

(kg) 

255.19 

C!llving 87.93 
J."atlation length 43.26 
Dilving interval 0 

Response in 

Age at Lacta. 
1st lion 

. calving (days) 
(month) 

-0.71 4.17 

- 1.32 2.21 
- 0.l9 2.25 

0 0 

Calving 
interval 
(days) 

0 

0 
0 
0 

Diagonal elements arc direct rcsponses. 

Table s. Expected genetic gain (ll G) from index 
seJection based on a selection differential of one 

standard deviation in index values 

would give an expected genetic change of 
257.74 kg as against 255.19 kg from 
direct selection ror milk yield. Thus com­
pared to single trait selection (Table 4), 
index 12 was more effective in improv­
ing the net genotypic worth of the animals 
by increasing slightly more milk yield and 
decreasing the age at first calving. 
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