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INTRODUCTION
Amongst the national genetic resources, small ruminants are major source of livelihood for
about half million livestock farmers of arid region where crop production and dairy farming are
not possible. They are also an important component of a mixed farming system of irrigated
agriculture practiced by about 4 million farmers. Sheep and goats are only users of range lands
comprising 65 percent area of Pakistan. There are 23 million  sheep in Pakistan (GOP, 1996) .
The per head productivity of indigenous sheep is quite low as compared to the breeds of sheep
in the developed countries. The suboptimal productivity of the existing flocks is mainly
attributed to lack of genetic improvement program, nutritional and management inadequacies.
Some breeds of sheep in Pakistan like Kajli offer a high potential for meat and wool
production. Kajli is famous due to its juicy mutton quality and the males are thus fattened
especially for sale as sacrificial animals. The potential for genetic improvement is largely
dependent on the heritability (h2) of the trait and genetic relationship between traits of
economic importance. Information on h2 is essential for planning efficient breeding programs
and for predicting response to selection. Genetic correlation, on the other hand, is essential in
predicting indirect response to selection. This study was planned to estimate the genetic
parameters, h2 and genetic correlation, of various economic traits.

MATERIALS AND METHODS
Description of data.  Pedigree and performance data of Kajli sheep collected during 1977 through
1994 at Livestock. Experiment Station (LES), Khushab and from 1980 through 1994 at LES
Khizarabad, were utilized for present investigation. The information on different parameters of
productive and reproductive parameters was collected. Seventeen performance traits were included
in this study due to their economic importance. The area is canal irrigated and climate is relatively
dry and rains usually occur during July to September. In summer months, day temperature may go
as high as 45oC and in winter night temperature may fall up to –2 oC.

Management, selection and breeding policy.  At both the farms ewes have been selected
amongst the farm produced female stock primarily on the basis of conformation and breed
characteristics. The same was true for rams. Generally, ewes were bred during autumn (August-
September) and lambs were dropped during spring  (February-March). The ewes which failed
to breed in Autumn were bred during Spring for subsequent Autumn lambing. Ewes were
moved in sheds about 2 weeks before the commencement of lambing in January and they were
penned in groups of 40-50. 

Estimation of genetic parameters. The h2 for any economic trait was estimated using paternal
halfsib analyses. The variance components for the estimates of h2  were obtained from the this
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model: Yijk = µ + Si + Fj + εijk where, Yijk is measurement of a particular trait; µ is population
mean; SI  is random effect of ith sire with mean zero and variance σ2

S; Fj is fixed effects
observed to be significant from the preliminary analyses and εijkis random error with mean zero
and variance σ2e. The analysis of variance was run for all the performance traits by using the
Harvey's Mixed Model Least Squares and Maximum Likelihood Computer Program (Harvey,
1990).The model analysis of variance for h2 estimation is presented in Table 1.

Table 1. Variances and covariances used for the estimation of genetic parameters 

Source of
variation

d.f. Expected mean
squares (X1X1)

Expected mean
squares (X2X2)

Expected mean cross-
products (X1X2)

Between rams S-1 σ2
W + k1 σ2

S σ2
W + k1 σ2

S σW + k1 σS
Fixed Effects Σ(f1-1) σ2

W + k κ2
F σ2

W + k κ2
F σW + k κF

Remainder N-[(s-1) +
Σ (f1-1)]

σ2
W σ2

W σW

Where S = total number of rams, f1 = subclasses in each fixed variable, k = the average
number of records per subclass in each fixed variable, k1  = average number of offsprings per
ram, N = total number of halfsibs, σ2

S = ram component of variance, σ2
W  = within ram

component of variance, κ2
F   = the variance component due to fixed effects. The h2 of the

concerned trait was estimated by multiplying the intraclass correlation (t) by 4. Standard error
(s.e.) of h2 estimates was calculated by using formula suggested by Swiger et al. (1964). The
phenotypic and genetic correlation and its standard error were calculated using the formula
given by Falconer (1989).

RESULTS AND DISCUSSION
The genetic composition of a population can be studied by considering the relative importance
of hereditary and environmental factors affecting the performance of individuals in that
population. The most commonly used parameters are h2 and genetic correlation. 

Heritability estimates. Heritability was estimated from a data set for birth weight and weaning
weight comprising of 16470 halfsibs of 141 rams, 1648 halfsibs of 117 rams for yearling
weight, 3012 halfsibs of 123 rams for weight at first service, 12517 halfsibs of 141 rams for
preweaning daily gain and 1648 halfsibs of 117 rams for post weaning daily gain. The other
traits included were spring fleece weight, autumn fleece weight, total fleece weight, weight at
first service, age at first service and age at first lambing.  The data set for each variable varied
from farm to farm and trait to trait. Estimates of h2 for all traits were low in this study ( Table
2). It indicates the presence of less additive genetic variance. It further revealed that the
improvement through selection may be limited. Hence the improvement in the trait may be
achieved through better management and feeding. The h2 estimates varied between flocks, level
of productivity and even periods of time for a particular trait. It is important to realize that h2 is
a property not only of a character but also of a given population and of the environmental
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circumstances to which the individuals are subjected. The difference in the estimate of h2 in the
present study might also be due to the method of estimation. 

Table 2. Heritability (h2 ) estimates of various performance traits for Kajli Sheep

Traits Khushab Khizarabad Overall
Estimate±s.e Estimate± s.e. Estimate± s.e.

Birth weight 0.13±0.04 0.02±0.01 0.14±0.05
Weaning weight 0.02±0.02 0.10±0.02 0.13±0.02
Yearling weight 0.14±0.11 0.05±0.06 0.08±0.05
Weight at first service 0.02±0.08 0.10±0.04 0.12±0.04
Preweaning daily gain 0.02±0.02 0.09±0.02 0.10±0.03
Postweaning daily gain 0.09±0.09 0.10±0.06 0.15±0.06
Spring greasy fleece weight 0.10±0.03 0.03±0.02 0.12±0.02
Autumn greasy fleece weight 0.03±0.02 0.03±0.02 0.04±0.01
Annual greasy fleece weight 0.08±0.03 0.02±0.02 0.09±0.02
Age at first service 0.08±0.09 0.01±0.03 0.13±0.04
Age at first lambing 0.07±0.09 0.01±0.03 0.13±0.04

Phenotypic and genetic correlations. The phenotypic and genetic correlations between
various traits for both locations and for the combined data set (overall) are given in Table 3.

Table 3. Phenotypic and genetic correlation of various performance traits for Kajli sheep 

Trait combinations Khushab Khizarabad Overall
rp rA±se rp rA±se rp rA±se

Birth weight & weaning weight .09 .52±.37 .25 .10±.28 .12 .09±.11
Weaning & yearling weight  .44 .83±.48 .42 .66±.40 .42 .40±.34
Birth wt.  & preweaning daily gain -.09 -.18±.45 .11 .004±.28 .01 .13±.11
Preweaning daily gain & weaning wt. .87 .45±.46 .90 .87±.02 .88 .83±.04
Weaning wt. & postnatal daily gain .26 .56±.70 .47 .91±.17 .35 .47±.22
Preweaning daily gain & yearling wt. .36 .64±.47 .42 .33±.41 .40 .54±.29
Postwean. daily gain & yearling wt. .56 .42±.60 .65 .94±.28 .60 .67±.24
Pre & post weaning daily gain -.27 -.52±.88 -.16 -.10±.36 -.22 -.07±.27
Preweaning and postnatal daily gain .31 .19±.66 .45 .66±.17 .38 .56±.18
Spring and annual greasy fleece wt. .79 .98±.03 .69 .58±.31 .76 .93±.03
Autumn and annual greasy fleece wt. .81 .92±.10 .74 .70±.23 .78 .76±.09

rP phenotypic correlation; rA genetic correlation; wt. weight; wean. weaning.

In order to describe and discuss the correlations, following terminology was adopted: the
correlations ranging 0.00 -0.25, low; 0.26-0.50, moderate; 0.51-0.75 high; and 0.76-1.0,very
high. There is a wide variation in phenotypic and genetic correlation between the two farms
and among various traits within the farm. High estimates of genetic correlation indicate that
many of the same genes affected the two traits and selection for one was likely to increase the
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other as a correlated response. The low estimates of genetic correlation between any two traits
(e.g. birth weight and weaning weight) suggested that very few of the same genes affected
these traits. Thus selection on the basis of one trait will not result in an increase in other traits.
In other words the two traits were inherited independently which was desirable, as higher birth
weights may be associated with increased incidence of difficult lambings.  The moderate to
high positive estimates of genetic correlation between weaning weight and yearling weight
indicated that many of the same genes tended to influence the two traits. These moderate to
high positive estimates of genetic correlation imply that any improvement in weaning weight
as a result of selective breeding will be expected to result in the improvement of yearling
weights. 

The estimates of genetic correlation between pre-weaning and post-weaning daily gain had
high standard errors, thus reducing the reliability. It may, therefore, be inferred that the
estimates of genetic correlation between preweaning daily gain and postweaning daily gain
were not different from zero, concluding thereby that weight gain in the preweaning and
postweaning periods were controlled by different types of genes.

The magnitude of the genetic correlation between spring greasy fleece weight and annual
greasy fleece weight was higher than that for autumn greasy fleece weight and annual greasy
fleece weight. Thus selection on the basis of spring greasy fleece weight would result in higher
genetic gain for annual greasy fleece weight. 

CONCLUSION
Genetic analysis of data revealed that additive genetic variance for various traits of economic
importance was small and environmental variance was large. For enhancing productivity of
Kajli sheep effective breeding plan and improvement in environmental factors would be
required. 
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