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Abstract

Data on 2931 Kajli lambs, born from 2007 to 2018, were used to quantify environmental and genetic
effects on growth performance of Kajli sheep. Traits considered for evaluation were birth weight (BWT), 120-
day adjusted weight (120DWT), 180-day adjusted weight (180DWT), 270-day adjusted weight (270DWT),
and 365-day adjusted weight (365DWT). Fixed effects of year of birth, season of birth, sex, birth type, and
dam age on these traits were evaluated using linear procedures of SAS, 9.1. Similarly, BWT, 120DWT,
180DWT, and 270DWT were used as fixed effects mixed model analyses. Variance components, heritability
and breeding values were estimated by restricted maximum likelihood. The genetic trend for each trait was
obtained by regression of the estimated breeding values (EBV) on year of birth. Analyses revealed
substantial influence of birth year on all traits. Sex and birth type were the significant sources of variation for
BWT and 120DWT. Season of birth did not influence birth weight meaningfully, but had a significant role in
the expression of 120DWT, 180DWT, and 270DWT. Heritability estimates were generally low (0.003 + 0.018
to 0.099 £ 0.067) for all traits. With the exception of the genetic correlation of 180DWT and 365DWT, the
genetic correlations between trait were strong and positive. Only 365DWT had a positive genetic trend.
Although the heritability estimates for almost all weight traits were low, high and positive genetic correlations
between BWT and other weight traits suggest that selection based on BWT would result in the improvement
of other weight traits as a correlated response.
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Introduction

To feed more than 22 million population, especially with animal proteins, the development of cost-
effective small ruminant production is an important issue. To overcome the shortage of animal protein for
human consumption, breeding programmes based on the selection of genetically superior individuals and
their effective use in breeding would be a better option in the production of high yielding flocks and
individuals (Khan et al., 2012).

The economically important traits in small ruminants (weight at various ages, growth rate, carcass
characteristics) are subject to genetic and environmental influences. Enhancement in productivity of native
breeds requires simultaneous improvement in the genetic makeup of flocks, while the provision of a suitable
environment for optimal genetic expression of character is necessary. Therefore, effective breeding requires
the selection of elite animals from flocks with better genetic worth. Growth, especially the pre-weaning
growth rate in small ruminants, is influenced not only by the animal's own genetic makeup, but by
environmental factors, that is, age of dam, birth weight, sex of lamb, and lambing season. So, to have
maximum genetic progress through selection, it is critical to devise effective selection indices and reliable
estimates of non-genetic and genetic parameters.

Sheep are raised chiefly for meat, and contribute meaningfully to the earnings of rural farmers (Wei et
al., 2015). Pakistan holds 30.9 million head of sheep, which comprise 30 indigenous breeds (Afzal & Nagvi,
2004; Anonymous, 2019). These include Balochi, Kachhi, Kaghani, Kajli, Kooka, Lohi, Sipli, and Thalli, all of
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these are coarse wool breeds. Kajli sheep are popular in the country because of their beauty and Kajli male
lambs are preferred for sacrificial purposes at religious festivals such as Eid-ul-Azha (Qureshi et al., 2010).
The breed is found mostly in the northern districts (Sargodha, Mianwali, Mandi Baha-ud-in, and Gujrat) of
Punjab, Pakistan (Igbal et al.,, 2014). Studies have been carried out to understand the morphometric
measures (Igbal et al., 2014), blood profile and physiological parameters (Saddiqi et al., 2011), genetic and
non-genetic factors that govern the productive performance (Qureshi et al., 2010), and biodiversity of the
Leptin (Qureshi et al., 2015) and Calpastatin genes (Khan et al., 2012; Suleman et al., 2012) in Kajli sheep.
However, lamb production in Pakistan is shifting from free-range and semi-intensive systems of breeding and
rearing to intensive systems, where the expenses of sheep enterprises are high. In such circumstances,
without doubt, the growth traits require breeder’s attention. Hence, this study was planned with the aim of
obtaining an understanding of non-genetic and genetic factors that are related to the growth traits of Kajli
sheep.

Materials and Methods

Data on growth records of 2931 Kajli sheep were collected from a state-owned livestock farm,
Livestock Experiment Station Khushab (LES Khushab). The LES Khushab has held a population of Kajli
sheep since the early 1980s. Since the introduction of Kajli sheep at the research centre, housing and
feeding practices have remained comparable throughout the years. Mature male and female animals were
maintained separately in open enclosures with proper shade areas to avoid the severity of the harsh climate.
Generally, animals were allowed to graze for seven to eight hours every day, except during peak summer
and winter days, when animals stayed inside enclosures. The daily grazing hours were further divided into
five to six hours grazing on thorny bushes and leafy wild trees and two to three hours grazing on green
fodder. When feed range was scarce, a limited amount of concentrate ration was provided to animals. The
breeding was practised throughout the four seasons, though major breeding was practised in spring
(February - April) and fall (August - October). Ewes that did not conceive during spring or autumn were
exposed to rams in summer (May - July) and winter (November - January), respectively. Concentrate ration
was also provided at the rate of 300 g/day to 500 g/day to breeding and lambing females for flushing and
nourishment. Serving rams were also provided with concentrate supplements at the rate of 500 - 750 g/day
throughout the breeding seasons. New-born lambs were kept indoors till one month old, and were allowed to
stay with their dams throughout the night and in the morning until dams went out for grazing in the fields.
When lambs were a month old, they stayed with their dams for 24 hours and suckled freely. Post-weaning
rearing of male and female lambs was practised in separate enclosures.

Information collected during the 12-year span (2007 - 2018) included pedigree, birth date, birth type,
sex of lamb, and weight records at different ages. At LES Khushab, the pedigree, breeding and bodyweight
records were maintained and preserved in a birth, breeding and liveweight register. The data were checked
numerous times, and the records that did not fall within the range mean + 3SD were considered outliers, and
thus were not included in analyses. The pedigree structure is shown in Table 1. Traits analysed were birth
weight (BWT), 120-day adjusted weight (120DWT), 180-day adjusted weight (180DWT), 270-day adjusted
weight (270DWT), and 365-day adjusted weight (365DWT). Lambs were weighed once on the 25th of every
month. Because the lambs varied in age at every weighing day, their weights were adjusted to standard
ages following Akhtar et al. (2012).

Data were analysed to evaluate the effects of year of birth, season of birth, sex, birth type, dam age,
BWT, 120DWT, 180DWT, and 270DWT through linear procedures of SAS 9.1 (SAS Insttute, Inc., Cary,
North Carolina, USA). All fixed effects were assumed to be appropriate for each trait (Kuthu et al., 2013).
The mathematical model used for the analysis was:

Yijkimn = U + sex; + tob; + aody + sob; + yob,, + €;jkimn,

where: Y;jxm,= BWT, 120DWT, 180DWT, 270DWT or 365DWT;
K = the population mean,
sex; = the effect of the ith sex (male or female),
tob; = the effect of the jth type of birth (single, twin or triplet),
aod,= the effect of the kth age of dam (young <3.5 years, mature >3.5 to 5.5 years or old > 5.5
years),
sob,= the effect of the Ith season of birth (February - April, May - July, August - October, or
November - January),
yob,,= the effect of the mth year of birth (2007, 2008, ... 2018), and
eijimn= the residual effect associated with Y;j;,,n,assumed normally and independently distributed

0, o2).
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Variance components were estimated with REML (Patterson & Thompson, 1971) by fitting an
individual animal model using WOMBAT software (Meyer, 2007). Pedigree information was traced as far
back as possible, and was included in analyses to minimize bias due to selection or non-random mating. The
convergence criteria (variance of function values -2 log likelihood) for genetic parameters were 1 x 107,
Single-trait analyses were used to estimate heritability. Only those fixed effects that were significant during
the initial analysis were included in the model. Thus, the mathematical model for estimation of heritability
was:

Yl-jk=u+Fl-+aj+eijk

where: Y, = WT, 120DWT, 180DWT, 270DWT or 365DWT,
M = the population mean,
F; = the ith subset of fixed effects that were significant in the initial analysis,
a; = the random additive genetic effect of jth animal with mean zero and variance Ag; where A = the
numerator relationship matrix based on pedigree, and
e;jx = the random error with mean zero and variance oZ.

Corresponding bivariate analyses were carried out to estimate the covariances (correlations) between
the traits.

Results and Discussion
Characteristics of the pedigree for animals used in this study are provided in Table 1. Only four lambs
were sired by a ram whose identity was not known. Likewise, only 97 lambs had an unknown dam.

Table 1 Characteristics of the pedigree structure for Kajli sheep from the Livestock Experiment Station
Khushab

Category Number of animals
Number of base animals with unknown parents 362
Number of animals with phenotypic records 2931
Number of animals with unknown sire 4
Number of animals with unknown dam 97
Number of sires with progeny records 29
Number of dams with progeny records 764
Number of grandsires with progeny records 33
Number of granddams with progeny records 348

The mean, standard error (SE), minimum, maximum and heritability of all pre-yearling growth
parameters of lambs are presented in Table 2. The mean + SE of birth weight, 120DWT, 180DWT, 270DWT,
and 365DWT were 4.78 £ 0.02, 17.88 + 0.1, 22.26 + 0.13, 28.72 + 0.18, and 32.65 * 0.22 kg, respectively.

Analysis of variance (ANOVA) was performed to explore the effects of YOB, SOB, sex, birth type,
dam age, BWT, 120DWT, 180DWT, and 270DWT on the growth traits. Analyses revealed significant (P
<0.05) influences of birth year on all growth traits (Table 3). Despite being of similar weight at birth, lambs
born in summer were generally lighter at the intermediate ages than lambs born in the other seasons.
However, at 365 days of age lambs born in summer were similar in weight to those born in winter, spring and
fall. Sex of lambs contributed significantly (P <0.05) to the weights at all ages except 270 days. Male lambs
were heavier at birth and at 365 days old, while females performed comparatively (P <0.05) better than
males at 120 and 180 days old (Table 4). Birth type (P <0.05) affected BWT and 120DWT. Single-born lambs
were heavier (P <0.05) than twins and triplets at birth and 120DWT, with twins also being heavier than
triplets at these ages. However, the triplet-born lambs were heavier at 270DWT and 365DWT than lambs
that were born in smaller litters which may be a manifestation of compensatory growth. Age of dam also
affected (P <0.05) BWT, but not weights recorded at the subsequent ages.
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Following Kuthu et al. (2013), effects of earlier in life weight on subsequent bodyweights were also
examined as fixed effects to minimize their influence on weights at later ages. Later in life body weights
adjusted for previously observed weights (Table 5) are properly interpreted as indicators of growth between
the ages at which the weights were recorded. In general, lambs that were heavier at a younger age grew
more rapidly to the next older age with the effects being diluted as the difference in ages increased. Thus,
the effect of BWT on 120DWT was significant (P <0.05). The 120DWT weight had a significant influence on
180DWT, 270DWT and 365DWT. Lambs with high 270DWT had (P <0.05) higher 365DWT.

Table 2 Estimates of the overall mean, minimum, maximum and heritability for growth traits of Kajli sheep

Trait, kg N Mean + SE Minimum Maximum heritability

Birth weight 2930 4.78 £0.02 15 7.4 0.058 £ 0.037
120-day weight 1868 17.88 +0.10 6.78 32.2 0.003 £0.018
180-day weight 1438 22.26 £0.13 7.77 39.6 0.087 £ 0.047
270-day weight 1056 28.72£0.18 12 53.4 0.019 £ 0.028
365-day weight 820 32.65+0.22 14 61.3 0.099 £ 0.067

N: number of records
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Table 3 Least squares mean = standard error for the effects of year and season of birth on birth weight, 120-, 180-, 270- and 365-day adjusted weights

Birth weight, kg 120-day weight, kg 180-day weight, kg 270-day weight, kg 365-day weight, kg

Effect N Mean = SE N Mean = SE N Mean = SE N Mean = SE N Mean = SE

Year of birth
2007 62 413 +0.10 23 15.77°+ 0.61 23 20.97% +0.87 23 31.45% +1.31 20 35.51% + 1.50
2008 221 4,06 +0.05 111 14.70° + 0.30 102 19.65" + 0.43 75 32.38°® + 0.64 69 33.05+0.86
2009 233 4.06°" + 0.04 110 14.04° +0.25 101 19.55'+0.38 65 29.08%" + 0.58 49 34.69% + 0.45
2010 240 3.34" +0.06 131 14.70°+ 0.28 113 20.45' +0.35 79 29.19" + 0.47 68 34.20% £ 0.46
2011 234 4.13°® +0.07 145 16.50° + 0.29 123 20.90* +0.35 108 29.45% + 0.54 101 33.50% + 0.64
2012 289 4.31" +0.04 201 16.02° + 0.29 152 20.95% + 0.42 133 30.02"+0.37 121 33.50% +0.40
2013 314 4.22°"+0.04 221 17.25" +0.25 177 20.80% + 0.27 159 27.61%" +0.36 129 30.89' + 0.52
2014 298 3.939+0.05 239 16.93°+0.29 163 20.84% + 0.37 115 29.48" + 0.49 86 33.40% + 0.65
2015 232 4.09" +0.05 171 18.09%° + 0.31 133 21.61%+0.42 114 31.41°+0.45 98 36.12°+0.48
2016 427 4.31°° +0.03 266 17.88% +0.25 229 24.58" + 0.29 145 33.51°+0.47 72 38.48" + 0.61
2017 259 4.86% £ 0.04 162 18.17%+0.33 119 23.68" + 0.42 40 36.57% £ 1.22 7 42.37%+1.51
2018 121 4.69° +0.09 88 19.12% + 0.50 3 32.07%+0.87

Season of birth
Spring 1701 4.18%+0.01 1031 16.42%+0.12 807 21.91%+0.14 600 29.11°+0.19 475 34.95% +0.27
Summer 187 4.23%+0.07 132 15.75" + 0.33 115 20.94° + 0.45 79 29.86°+0.76 60 35.67%+0.93
Fall 961 4.14% £ 0.02 651 16.32%+0.18 474 22.14%+0.26 351 31.84* £ 0.36 267 35.28% £ 0.41
Winter 81 4.16* £ 0.10 54 17.91%+ 0.46 42 23.03%+0.90 26 32.88% £ 0.99 18 34.36% £ 0.81

abeTET\Within a column and effect, means with a common superscript do not differ with P =0.05

Spring: February, March and April, Summer: May, June and July, Fall, August, September and October, Winter: November, December, January
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Table 4 Least squares mean = standard error for the effects of sex, type of birth, and age of dam on birth weight, 120-, 180-, 270- and 365-day adjusted

weights
Birth weight (kg) 120DWT (kg) 180DWT (kg) 270DWT (kg) 365DWT (kg)
ifect N Mean + SE N Mean + SE N Mean + SE N Mean + SE N Mean + SE
Sex
Male 1512  4.29°+0.02 512 15.63" +0.17 186 21.68° +0.38 77 30.98% £ 0.91 25 36.80% £ 2.82
Female 1418  4.06° +0.02 1356 17.57°+0.11 1252 22.34%+0.13 979 30.86% £ 0.18 795 33.33°+0.21
Birth type
Single 2112 5.08°+0.01 1291 17.53°+0.11 1021 22.26% £ 0.15 777 30.02% £ 0.21 616 34.89% £ 0.25
Twin 792 4.11°+0.02 557 16.50° + 0.17 406 22.11* £ 0.23 272 30.62° £ 0.36 197 35.60% £ 0.41
Triplet 26 3.34°£0.11 20 15.77°+0.85 11 21.65% £ 1.06 7 31.94°+1.63 7 34.71%° £ 2.37
Dam age
Young 1304  4.11°+0.02 841 16.55% £ 0.14 633 21.92% £ 0.18 473 30.57°+0.26 370 34.81°£0.32
Mature 1062  4.22°+0.02 661 16.72° £ 0.16 536 22.03%+0.22 383 31.15%+£0.32 291 35.33%+£0.38
Old 564  4.20*£0.03 366 16.52% £ 0.22 269 22.07* £0.29 200 31.04°£0.41 159 35.05% £ 0.46
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Table 5 Least squares mean = standard error for the effects of previous weight classes on 120-, 180-, 270- and 365-day adjusted weights

120DWT (kg) 180DWT (kg) 270DWT (kg) 365DWT (kg)

Fifect N Mean + SE N Mean + SE N Mean + SE N Mean + SE
Birth weight

<4 kg 180 14.47°+0.28 145 21.59% + 0.34 116 30.39° + 0.47 97 35.19% + 0.54

>4 t0 5 kg 451 16.17°+0.17 354 21.82%+0.22 252 30.43"+0.31 194 34.31%+0.36

>5 10 6 kg 1011 17.15° +0.12 782 22.18%+0.17 586 30.87°+0.25 459 35.35%+ 0.30

>6 kg 226 18.61%+ 0.26 158 22.43%+0.39 103 32.00%+0.61 71 35.40%+0.89
Adjusted 120-day weight

<15 kg 347 17.60° £ 0.16 252 29.95°+0.27 198 33.97°+0.36

>15 to <20kg 653 21.94° +0.11 491 30.78" +0.22 386 35.00° +0.28

>20 kg 438 26.48% £ 0.17 313 32.03%+£0.33 236 36.23% £ 0.43
Adjusted 180-day weight

<20 kg 335 27.13°+0.23 266 34.23" +0.29

20 to 25 kg 519 30.50° +0.19 422 35.05%+ 0.27

>25 kg 202 35.14% £ 0.38 132 35.92%+0.53
Adjusted 270-day weight

>25 kg 231 31.18°+0.30

225 to 30 kg 364 34.68" + 0.21

231 kg 225 39.33°+£0.36
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Estimates from the bivariate analyses of genetic, environmental, phenotypic correlations among
various bod weight traits and the corresponding estimates of heritability are presented in Table 6.Most
genetic and phenotypic correlation estimates between the weight traits of Kajli lambs were strongly positive.
However, a non-significant negative genetic correlation was observed between 180DWT and 365DWT.
Estimates of phenotypic correlations for all traits were positive and of intermediate magnitude. Estimates of
heritability under bivariate analysis were with two exceptions similar to the corresponding estimates from the
univariate analyses.

Table 6 Estimates of correlation and heritability obtained from bivariate analyses of the various weight traits

Estimates of correlation Heritability estimates
Trait 1 Trait 2
Genetic Environmental Phenotypic Trait 1 Trait 2
BWT 120DWT 1.00+0.21 0.21 £0.03 0.24 0.08 £ 0.04 0.03 £0.03
BWT 180DWT 0.66 £ 0.40 0.18 £ 0.03 0.21 0.03 £0.03 0.13£0.05
BWT 270DWT 1.00+0.24 0.12 £ 0.04 0.20 0.09 £ 0.05 0.09 £ 0.05
BWT 365DWT 0.85+0.83 0.15+0.04 0.17 0.02 £ 0.04 0.05 £+ 0.05
120DWT  180DWT 1.00 + 0.06 0.82+£0.01 0.82 0.05 £+ 0.03 0.16 £ 0.05
120DWT  270DWT 0.89 £0.32 0.57 £0.02 0.58 0.02 £ 0.03 0.05 % 0.04
120DWT  365DWT 0.44 £ 0.69 0.45 £+ 0.03 0.45 0.03£0.03 0.04 £ 0.04
180DWT  270DWT 0.97£0.28 0.26 £ 0.02 0.30 0.40 £0.02 0.03 £0.02
180DWT  365DWT -0.33+£0.78 0.59 £ 0.03 0.54 0.06 £ 0.05 0.03£0.04
270DWT  365DWT 0.88 £0.99 0.24 £0.03 0.24 0.44 +£0.03 0.01 £0.02

BWT: Birth weight, 120DWT: age adjusted 120-day weight, 180DWT: age adjusted 180-day weight, 270DWT: age
adjusted 270-day weight, 365DWT: age adjusted 265-day weight

Genetic trends for various growth traits are depicted in Figure 8. Genetic trends for most of these
traits except 365DWT oscillated around the X-axis, indicating little or no genetic gain over the last 12 years.
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Figure 8 Genetic trends of bodyweight traits of Kajli sheep in different years
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Kajli lambs had noticeably higher growth ability at earlier ages (1 day to 120 days) compared with later
ages. Their almost linear growth curve (Figure 1) is in agreement with the earlier reports (London & Weniger,
1996; Gbangboche et al., 2006). Similar findings were reported by researchers in various breeds of Pakistan,
namely Hissardale (Akhtar et al., 2001), Lohi (Babar et al., 2004), Mengali (Tariq et al., 2010), and in Buchi
(Akhtar et al., 2012). Similarly, high growth rate during the weaning period was observed in Zandi (Ghafouri-
Kesbi et al., 2011) and Baluchi (Sarghale & Arpanahi, 2014) breeds. The higher growth rate at an earlier age
may be attributed to lower environmental stress on lambs because of maternal care and nourishment
throughout the suckling period. However, because the maternal nourishment and care disappears after
weaning, many stress factors play their role and lamb grows at a decreasing rate.

The significant effects on the performance of lambs born in various years may result from numerous
causes including variation in agro-climatic conditions, nutrition, type and quality of fodder, incidence of
disease, breeder’s skill, selection strategy, herdsman’s ability to supervise labour, and financial resources
(Dass et al., 2004; Assan & Makuza, 2005; Gbangboche et al., 2006; Vatankhah & Salehi, 2010; Al-Bial &
Singh, 2012; Tohidi et al., 2017). In the present investigation, the SOB was divided into two major lambing
seasons, that is, S1 (spring), S3 (autumn) (natural lambing seasons of small ruminants in Pakistan), and two
minor (S2, summer; S4, winter) ones. Lambing season did not affect birth weight significantly, but was a
significant source of variation for weight performances at later ages. The effect of SOB on lamb performance
has been analysed by researchers (Fisher, 2004; Susi¢ et al., 2005; Benyi et al., 2006; Chniter et al., 2011,
Akhtar et al., 2012; Javed et al., 2013). The differences owing to SOB can be related to one major factor,
namely ‘food’, or the effects of availability, type of fresh pasture grass, and ambient environment (Petrovic et
al., 2011). The results of the current study were comparable with those of an earlier report (Petrovic et al.,
2015), in which winter- and autumn-born lambs were lighter than those born in summer and spring. In most
of these studies, SOB influenced the weight performances of lambs significantly.

The observed differences between male and female lambs in BWT and 365DWT were in agreement
with the findings of most studies (Dass et al., 2004; Al-Bial & Singh, 2012; Kesbi & Tari, 2015; Lupi et al.,
2015; Ghafouri-Kesbi & Gholizadeh, 2017) that explained the hormonal disparity between the sexes. In
female lambs, oestrogen limits skeleton growth, though testosterone regulates growth positively in males in
the same way as growth hormone (Zung et al., 1999; Ghafouri-Kesbi & Gholizadeh, 2017). However, the
contrary results of weight at 120 and 180 days, when female lambs had higher weights, could be attributed
to animal sales practice at LES Khushab, as most male lambs (comparatively healthier) are sold in the
market because of their high demand as sacrificial animals and only a few male lambs are retained in the
flock. So, significant differences in the numbers of records of male and female lambs might be the reason for
not following the general trend of growth in male and female lambs.

In terms of birth type, single-born lambs were heavier than all multiples born at BWT and 120DWT, but
triplets were superior at 270DWT. The ‘phenomenon of compensatory growth’ accounts for the higher weight
of triplets at later ages (Kesbi & Tari, 2015); Ghafouri-Kesbi & Gholizadeh, 2017). This phenomenon states
that there is a period of augmented growth after a spell of limited growth and development. Consequently,
multiple-born lambs, which grow at a passive pace in the early days of life might express faster growth at
later ages. Higher early age growth traits of single-born lambs conformed with reports from various studies
that were conducted on sheep breeds of the same type that were maintained in different rearing systems,
such as Hissardale (Akhtar et al., 2001), Baharet Merino (Dixit et al., 2001), Sabi (Matika et al., 2003),
Western Range (Borg et al., 2009), Pulgia (Selvaggi et al., 2011), Lohi (Javed et al., 2013), Turcana lambs
(Gavojdian, 2013), and Thalli (Hussain et al., 2014).

The significant influence of dam age on BWT was substantiated by previous studies (Babar et al.,
2004; Baneh & Hafezian, 2009; Eskandarinasab et al., 2010; Tariq et al.,, 2010; Selvaggi et al., 2011,
Thiruvenkadan et al., 2011; Al-Bial & Singh, 2012). However, dam age did not affect other weight traits
significantly. The lambs of mature ewes were comparatively heavier at birth than those born to young ewes,
because of the better uterine environment (mature size). The lack of differences in later age weight of lambs
born to young and older dams may be because young or older dams usually produce less milk compared
with middle-aged ones (3.5 - 5.5 years) (Ganai & Pandey, 2000; Ghafouri-Kesbi & Gholizadeh, 2017).

In the current analysis, significant (P <0.01) effects of BWT on 120DWT and of 120DWT on 180DWT,
270DWT and 365DWT were in agreement with Mohammadi et al. (2013) and Mandal et al. (2015), in which
a significant correlation of BWT with weaning weight was reported. This significant association of early age
performance with older age performance suggests that selection for weight at an early age would improve
the weight of lambs at nine months and yearling ages (Caetano et al., 2013).

The estimate of heritability (h?) for BWT (0.058 + 0.037) was in the reported range (0.03 - 0.42) for
Sangsari and Moroccan Timahdit breeds (El-Fadili et al., 2000; Miraei-Ashtiani et al., 2007). However, Javed
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et al. (2013) reported a slightly higher heritability estimate (0.11 £ 0.03) in the Lohi breed of Pakistan, which
is still categorized as low. Besides, the estimates of heritability for 120DWT, 180DWT, 270DWT, and
365DWT were not in agreement with Menz, crosshred (Awassi x Menz) and Djalonke sheep (Gizaw & Joshi,
2004; Bosso et al., 2007), but conformed with the range of 0.09 to 0.10 that was reported in Zandi sheep
(Ghafouri-Kesbi et al., 2011).

Quantitative measures of additive genetic variance for weight at different ages revealed low values.
The estimated heritability for 365DWT was slightly higher than observed earlier (0.08 + 0.05) for the same
trait in Kajli sheep (Qureshi et al., 2010). Low estimates of heritability in the current analysis agree with
reported values of 0.07, 0.09 and 0.05 for birth weight, weight at 30 days old and weight at 90 days old,
respectively, in Sardi sheep (Boujenane & Diallo, 2017). Similarly, direct heritability estimates in D’man
sheep for weight at birth, at 30 days old, and at 90 days old were 0.05 £ 0.02, 0.03 = 0.02, and 0.08 + 0.03,
respectively (Boujenane et al., 2015). The findings of the present study are consistent with earlier results
(Kruuk et al., 2000; Javed et al.,, 2013; Ghafouri-Kesbi & Gholizadeh, 2017). Traits subject to large
environmental effects that cannot be accounted for in the statistical analysis have low estimates of heritability
and vice versa. Response to selection depends on additive genetic variance which was very low in the
present study.

Low heritability estimates for growth traits that were observed in the current study may be because of
improper performance recording, false pedigree information, and unintentional inbreeding. Rams were
usually selected from the same flock in which they were born and were only occasionally introduced from
field or other flocks. Moreover, poor quality of fodder and malnourishment of animals create high
environmental variations, which result in a higher component of environmental variance to phenotypic
variance and consequently lower estimates of heritability (Mandal et al., 2015; Gholizadeh & Ghafouri-Kesbi,
2017). The estimates of genetic correlation for BWT—-120DWT and 120DWT—-180DWT in Kajli were higher
than in most of the earlier studies. However, strong and positive genetic and phenotypic correlations among
weight traits in Kajli agree with other estimates on breeds such as Shall (Mohammadi et al., 2013), Marwari
(Singh et al., 2016), Harnali (Lalit et al., 2016), South African Merino (Nemutandani et al., 2018), Sardi
(Boujenane & Diallo, 2017), and Kermani sheep (Mokhtari et al., 2008), indicating the involvement of similar
genes in the expression of the traits or the presence of linkage between these genes. Moreover, the strong
genetic correlation of BWT with all other traits ranging from 1 to 0.6611 suggests that the selection for BWT
in Kajli sheep would improve weight traits of later age as a correlated response.

Significantly positive genetic trend for 365DWT was observed in the current analysis. These results
were supported by earlier findings (Mokhtari & Rashidi, 2010; Snyman, 2012; Gholizadeh & Ghafouri-Kesbi,
2015). The positive genetic trend for 365DWT could be attributable to reasonably large differences in EBV of
the lambs. Moreover, the observed positive genetic trend for 365DWT proposed that Kajli sheep at LES
Khushab might have been selected for yearling weight throughout these years. On the other hand, negligible
genetic trends for birth weight, 1220DWT, 180DWT and a negative genetic trend for 270DWT contraindicate
selection for growth in the breed improvement programmes.

Conclusion

The results of the current analysis revealed low additive genetic variance and high phenotypic
variance estimates for growth-related characters in Kajli sheep. However, the high and positive genetic
correlation between birth weight and other weight traits suggests that selection based on birth weight would
result in improvement of other weight traits as a correlated response. Furthermore, the findings of the
present study suggested that in the past selection programmes were not focused and that little attention was
paid to genetic worth.
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