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Abstract
The study was carried out to estimate genetic and phenotypic parameters for growth traits in Dorper crossbred sheep. The 
data set consisted of 5717 growth records from 1347 individuals of Dorper 50% crossbred sheep descended from 43 sires 
and 344 dams born between the years 2012 and 2022 at Debre Birhan Agricultural Research Center sheep research station, 
Ethiopia. Studied traits were birth weight (WT0), weaning weight (WT3), six months weight (WT6), yearling weight (WT12), 
average daily gain from birth to weaning (ADG1), average daily gain from weaning to six months (ADG2), average daily 
gain from six months to yearling (ADG3). The (co)variance components were estimated by fitting six different univariate 
animal models using Average Information Restricted Maximum Likelihood (AI-REML) procedure. Contrary to the genetic 
trend, phenotypic performance for all studied traits showed a declining trend over the years. Direct heritability estimates of 
0.10 ± 0.06, 0.29 ± 0.09, 0.37 ± 0.10, 0.10 ± 0.09, 0.43 ± 0.15, 0.04 ± 0.05, and 0.14 ± 0.09 were obtained for WT0, WT3, 
WT6, WT12, ADG1, ADG2 and ADG3, respectively. Genetic correlations among the studied traits ranged from -0.43 
(between ADG2 and ADG3) to 0.99 (between WT3 and ADG1). Selection for weaning, six months and pre-weaning aver-
age daily gain would be expected to yield good response as these traits were found moderately heritable. Strong to moderate 
genetic correlation of WT3 with WT6, WT12, and ADG1 suggested that selection based on WT3 would result in improve-
ment of other growth traits due to correlated response.
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Introduction

Indigenous sheep breeds are unable to meet the rapidly 
increasing demand for animal products that are being cre-
ated by rapid population growth, urbanization, and income 
growth despite having adapted to the current environmental 
situation, which is characterized by poor nutrition and a high 

prevalence of disease (Getachew et al. 2016). To satisfy the 
growing demand for animal products, crossbreeding using 
exotic breeds has been used in many countries. To meet the 
ever-increasing demand for animal products, Ethiopia has 
initiated a national sheep crossbreeding program using the 
Dorper breed, which specializes in meat production. Such 
a genetic improvement strategy is considered as potentially 
attractive breed improvement method due to its quick ben-
efits as the result of breed complementarity and heterosis 
effects (Leymaster 2002).

Debre Birhan Agricultural Research Center (DBARC) 
Dorper-based crossbreeding program has been implemented 
since 2012 to improve local sheep productivity and carcass 
quality. The breeding program was started with the cross-
ing of local ewes with pure Dorper rams to produce 50% 
crossbred lambs at the research center. The crossbred ewe 
lambs produced in the first cross are being mated with 50% 
crossbred ram lambs (Inter se mating) to develop synthetic 
breed through successive crossing. Whereas crossbred rams 
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not selected for inter se mating are distributed to village 
based crossbreeding programs. As a result, over the past dec-
ade, the research center has produced about 1347 crossbred 
lambs (Male and Female) for synthetic breed development 
and for village-based crossbreeding programs. Due to fast 
growth, large body size, better carcass quality and higher 
market prices of crossbred lambs to their local counterparts, 
farmers have often showed interest in the Dorper crossbred 
lambs (Abebe et al. 2016; Mekonnen et al. 2018).

Evaluation of the breeding program is an important aspect 
to optimize the breeding program if the designed breeding 
program is progressing towards the set goal or redesign 
other alternative if it deviates from the preset goals (Mal-
lick et al. 2016). To increase the efficiency of breeding pro-
gram, knowledge of the genetic parameters, genetic relation-
ship between the traits and a thorough understanding of the 
effect of different environmental factors are the prerequisites 
(Behzadi et al. 2007; Tesema et al. 2022). Phenotypic per-
formance evaluation of Dorper crossbred sheep population 
were documented by several scholars (Abebe et al. 2023, 
2016; Belete et al. 2015; Deribe et al. 2017; Lakew et al. 
2014) in Ethiopia. However, only a few attempts have been 
made to estimate genetic parameters in Dorper × Tumele 
sheep population (Tesema et al. 2022). Moreover, estimates 
of the genetic parameters of a trait are influenced by popula-
tion and environment. Therefore, the present study was con-
ducted to evaluate the ongoing Dorper × Menz sheep cross-
breeding program and generate information to optimize the 
breeding program by estimating the variance and covariance 
components for different growth traits.

Materials and methods

The breeding flock and management

Data were collected from breeding flock of Dorper × Menz 
sheep maintained at Debre Birhan Agricultural Research 
Center, Amhara Regional State, Ethiopia for a period of 
11 years (2012 to 2022). The research center is located 
120 km North-east of Addis Ababa at an altitude of 2,765 m 
above sea level and at a latitude of 09°36′23′′N and longi-
tude of 39°39′10′′E. The area is characterized by a bi-modal 
rainfall pattern, where the main rainy season is from June 
to September and unreliable short rainy season is expected 
from February/March to April. According to metrological 
data obtained from DBARC, average annual rainfall during 
the studied period was 865 mm and the mean minimum and 
maximum temperature was 6.95 °C and 20.25 °C respec-
tively. Frost is common from October to December. All 
animals were allowed to graze during the day on natural 
pasture daily for 6 to 7 h and penned at night during dry 
and short rainy seasons. On the other hand, because of high 

mortality occurrence due to fasciolosis outbreak in 2014, 
all animals were kept indoors day and night during the main 
rainy season (from June to September) and fed dry hay as 
a basal diet without supplementation of vitamins and min-
erals premix. However, since 2019, the animals were fed 
green forage during the main rainy season with a cut and 
carry feeding system. The animals were supplemented with 
200 to 400 g/head/day mixed concentrate depending up on 
status, age and availability of grazing pasture. As a routine 
flock health management practice of the research center the 
experimental animals were treated against internal parasites 
and were vaccinated against common viral diseases of the 
area. Pure Dorper rams were mated with Menz ewes which 
is indigenous to the central highland of North Shewa zone 
to produce 50% crossbred lambs at the research center. The 
crossbred ewe lambs produced in the first generation were 
mated with the best 50% crossbred rams (Inter se mating) to 
develop synthetic breed through successive crossing. For the 
last 11 years a total of 43 rams (23 pure Dorper to produce 
F1 crossbred lambs and 20 crossbred Dorper (50%) for suc-
cessive crossing) were used. Generally, controlled mating 
was practiced, and one selected breeding rams was allowed 
to mate with 25 to 30 ewes and mating lasted an average of 
60 days. Breeding rams were selected based on estimated 
breeding values (EBVs) for six months weight using WOM-
BAT software. Rams with high EBVs and desired physical 
conformation and coat color were selected with the aim of 
improving growth and carcass yield. Since 2019, MateSel 
software Kinghorn (2010) has been applied to make mating 
group in order to control inbreeding and to maximize genetic 
gain across generation. At birth each lambs was identified 
with plastic ear tag and date of birth, sex, birth litter size, 
weight and color were recorded. Lambs were normally 
weaned at three months of age.

Data collection, management and analyses

Data were collected over the years 2012 to 2022, with 
records on a total of 1347 lambs descended from 43 sires 
and 344 dams. Traits considered for analysis were weight 
at birth (WT0), weight at three months (WT3), weight 
at six months (WT6), weight at yearling (WT12), aver-
age daily gain from birth to weaning (ADG1), average 
daily gain from weaning to six months (ADG2) and aver-
age daily gain from six months to yearling (ADG3). Birth 
weight was taken within 24 h of the birth of lamb. Wean-
ing, six months and yearling weight measurements were 
taken at approximately 90, 180 and 365 days respectively 
after birth, with a permissible range of plus or minus 
five days, and subsequently linearly adjusted to precisely 
90, 180 and 365 days to ensure precise comparison and 
reliable analysis. Average daily gain was calculated as 
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ADG1 = ((WT3-WT0)/90) X 1000, ADG2 = ((WT6-
WT3)/90) X 1000 and ADG3 = ((WT12-WT6)/180) X 
1000.

Fixed effects for body weight and average daily gain 
were estimated using the GLM procedure of SAS 9.4 
software (SAS 2004). The considered fixed effects were 
generation of lambs in three classes (F1, F2 and F3), sex 
of lambs in two classes (male and female), birth litter 
size in two classes (single and twin), parity of dam in five 
classes (one to five), year of lambing in eleven classes 
(2012–2022) and season of lambing in three classes (rainy, 
dry and short rainy season). Means were compared using 
Tukey-kramers test.

The model used for the analysis of body weight and 
average daily gain was

where Yijklmnop is an observation for body weight and aver-
age daily gain; μ is overall mean; Gi is fixed effect of lamb 
generation; Yj is fixed effect of year of birth; Btk is fixed 
effect of birth type; Bsl is fixed effect of birth season; Pm is 
fixed effect of parity; Sn is fixed effect of sex of lamb and 
eijklmno is residual error.

The (co)variance components, genetic parameters and 
inbreeding coefficient were estimated by the Average 
Information Restricted Maximum Likelihood (AI-REML) 
and fitting six univariate animal models using WOMBAT 
software (Meyer 2007). For animal breeding applications, 
the inclusion of fixed effects is used to protect against 
downward bias in heritability estimates (Ghafouri-Kesbi 
& Gholizadeh 2017). Fixed effects with significant effect 
(P < 0.05) in the linear model analysis were included in the 
genetic model. When the change in log likelihood between 
the last two iterations is less than 10–4; convergence was 
assumed to have been achieved (Meyer 2006). Multivariate 
analysis was applied for genetic and phenotypic correla-
tion estimates.

Many random factors such as direct genetic effects, 
maternal genetic effects and environmental factors affects 
the growth of lambs and its dam (Behzadi et al. 2007). 
The animal models which ignoring maternal effects lead 
to upward estimates of direct heritability (Sharif et al. 
2022). Thus, to achieve optimum genetic progress mater-
nal effects should be taken into consideration, especially 
when the direct-maternal genetic correlation is negative 
(Behzadi et al. 2007; Tesema et al. 2022). By excluding or 
including permanent environmental or maternal genetics 
effects, the following six univariate animal models were 
fitted for each trait.

Model (1) y = Xβ + Zaα + e.
Model (2) y = Xβ + Zaα + Zpepe + e.
Model (3) y = Xβ + Zaα + Zmm + e Cov(α, m) = 0.

Yijklmno = μ + Gi + Yj + Btk + Bsl + Pm + Sn + eijklmno

Model (4) y = Xβ + Zaα + Zmm + e Cov(α, m) = Aσam.
Model (5) y = Xβ + Zaα + Zmm + Zpepe + e Cov(α, 

m) = 0.
Model (6) y = Xβ + Zaα + Zmm + Zpepe + e Cov(α, 

m) = Aσam.
Where y is a vector of observations on the considered 

traits; β, α, m, pe and e are vectors of significant fixed 
effects, direct additive genetic effects, maternal genetic 
effects, permanent environment effects and the residual 
effects, respectively. Whereas X, Za, Zm and Zpe are corre-
sponding incidence matrices relating the fixed effect, direct 
additive genetic effects, maternal additive genetic effects and 
permanent environmental effects of the dam. A is Numerator 
relationship matrix between animals and σam is covariance 
between direct and maternal genetic effects. Direct heritabil-
ity (h2

a), maternal heritability (h2
m) and relative permanent 

maternal environmental effects (c2) were calculated as ratios 
of estimates of σ2

a, σ2
m and σ2

c respectively, to the pheno-
typic variance σ2

p. Total heritability (h2
t) was estimated 

using the following formula according to (Willham 1972).

where σ2
a is additive variance, σ2

m is maternal variance, σam 
is covariance between direct and maternal additive genetic 
effects and σ2

p is total phenotypic variance.
A log likelihood ratio tests were conducted to choose the 

best model for each trait. The log likelihood ratio test were 
computed as the twice the difference between the log-likeli-
hoods of the full and reduced models, which assumed to be 
distributed as chi-square distribution with degree of freedom 
equal to the difference in the number of random covariance 
components fitted for the two models. A random effect was 
considered to have significant influence, when its inclusion 
caused significant (P < 0.05) increase in log-likelihood com-
pared to the model in which it was ignored. However, when 
log likelihoods did not differ significantly P > 0.05), the 
model that had the fewer number of parameters was selected 
as the most suitable model (Wilson et al. 2010).

Phenotypic and genetic trends were estimated by regress-
ing yearly mean phenotype performance and estimating 
breeding value (EBV) on year of birth. Moreover, inbreeding 
trend was estimated by regressing yearly mean inbreeding 
rate on year of birth.

Results and discussion

Phenotypic growth performance

Phenotypic means, standard deviations (S.D.), coefficient 
of variation (C.V.) and pedigree structure of studied traits 

h2
t
=

�
2

a
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m
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are presented in Table 1. Number of observations decreased 
with increasing age of birth (n = 1347) to yearling (n = 517) 
because of culling related to death, sale of animals and distri-
bution of rams to villages-based crossbreeding program. The 
overall least-squares mean of birth weight recorded under the 
current study was comparable to values reported by Lakew 
et al. (2014); Tesema et al. (2022) for Dorper × Local sheep 
at Sirinka agricultural research center. However, the current 
birth weight was higher than values reported by Abebe et al. 
(2016) for Dorper × Menz 50% at DBARC (2.77 ± 0.04) and 
Belete et al. (2015) for Dorper 50% lambs (2.25 ± 1.75 kg) in 
Wolaita and Silte Zone at farmer’s management conditions. 
The overall least-squares means of weaning and six months 
weight recorded in the present study were comparable with 
the findings of Abebe et al. (2016) for Dorper × Menz 50% at 
DBARC (12.34 ± 0.25 and 17.25 ± 0.30 respectively). How-
ever, values obtained in the present study for weaning, six 
months and yearling weight were significantly lower than 
values reported by Lakew et al. (2014); Tesema et al. (2022) 
for Dorper × Local 50% at Sirinka agricultural research 
center. The overall least-squares means for pre-weaning 
average daily gain obtained in the present study was in 
close agreement with the report of Abebe et al. (2016), but 
lower than values reported by Lakew et al. (2014); Tesema 
et al. (2022) for Dorper × local 50% at Sirinka agricultural 
research center. Furthermore, average daily gain recorded in 
post-weaning growth periods was lower than values reported 
by Abebe et al. (2016); Lakew et al. (2014). The difference 
in phenotypic performance can be attributed to difference 
in performance of the dam breed, availability of grazing 
pasture, animal management and other unknown environ-
mental conditions. Coefficient of variation for the studied 

traits ranged from 16.76% (WT12) to 88.95% (ADG2). The 
highest coefficient of variation for the studied traits can be 
explained by higher variability of the traits among the ani-
mals, higher changes of the traits by environmental condi-
tions and other unknown factors.

The effect of some non-genetic factors on the phenotypic 
body weight and average daily gain traits of Dorper cross-
bred sheep are presented in Tables 2 and 3. Year of birth 
had a significant effect (P < 0.001) in all studied traits. The 
impact of birth year on the studied traits can be explained 
by differences in animal management, feed availability, dis-
ease incidence, climatic condition (such as rate of rainfall, 
humidity and temperature, which affected the quality and 
quantity of pasture forage) in different years (Bakhshali-
zadeh et al. 2016). The phenotypic performance for WT3, 
WT6, WT12 and ADG1, ADG2, ADG3 showed a decline 
trends a rate of -0.17, -0.69, -0.91 kg and -1.94, -5.88, 
-2.30 g over years respectively (Figs. 1 and 2). The pheno-
typic trends obtained by fitting a linear regression on birth 
year for WT6 and ADG2 were significantly different from 
zero (P < 0.05), but not significant for WT3, WT12, ADG1, 
and ADG3. Opposing to phenotypic trends, the genetic per-
formance showed improvement trends of 0.06 kg, 0.03 kg, 
0.78 g, 0.07 g for WT6, WT12, ADG1 and ADG3 over year, 
respectively. Contrary to the genetic trend, the declined trend 
of phenotypic performance on the studied traits may had 
occurred due to management and unfavorable environmen-
tal effects that hindered expression of genetic potential of 
crossbred lambs. A significant reduction in phenotypic per-
formance was observed between the year 2015–2018 fol-
lowed by an improvement trends and then declining trends 
between 2021–2022. Difference in feed availability, climatic 

Table 1   Characteristics of data 
structure

a Number of sires and dams with progeny
b Number of sires and dams with records and progeny, NPR average number of progeny with records, WT0-
WT12 weight at age 0, 3, 6 and 12 months respectively, ADG1 average daily gain from birth to weaning, 
ADG2 average daily gain from weaning to six months, ADG3 average daily gain from six months to year-
ling, S.D. standard deviation, C.V. coefficient of variation

Parameters Traits

WT0 WT3 WT6 WT12 ADG1 ADG2 ADG3

No. of records 1347 931 737 517 931 737 517
No. of animals 1581 1142 912 636 1142 912 636
Sirea 43 43 41 39 43 41 39
Sireb 8 7 7 6 7 7 6
NPR/Sire 31.32 21.65 17.98 13.26 21.65 17.98 13.25
Dama 344 272 230 160 272 230 160
Damb 145 97 85 71 97 85 71
NPR/Dam 3.92 3.42 3.20 3.23 3.42 3.20 3.23
Mean 3.01 12.82 17.00 26.54 107.78 46.36 54.21
S.D 0.71 3.59 4.36 6.43 37.50 46.09 33.73
C.V. (%) 20.46 25.58 21.29 16.76 31.86 88.95 53.43
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conditions and management practice of the research center 
are the possible reason for the declined trends during these 
years. Since 2015, the animals were not allowed to graze on 
natural pasture during winter season, kept indoors and fed 
dry hay as a basal diet supplemented with 200 g head/day 
mixed concentrate but without any supplementation of vita-
mins and minerals premix. This practice could have exposed 
the animals to vitamin E deficiency, also, as the center is 
located in high rainfall (865 mm) area, it is expected to 
increase chances of selenium deficiency. Deficiency of either 
or both selenium and vitamin E can reduce growth, repro-
ductive performance and immune response of the animal 
(Ramírez-Bribiesca et al. 2005; Ziaei 2015).

The finding also indicated that male lambs were supe-
rior (P < 0.001) to female lambs in WT0, WT6 and WT12. 
The difference may be ascribed to difference in endocrine 
hormone in the two sexes (Behzadi et al. 2007; Rashidi 
et al. 2008). Similar result was also reported by Abebe 
et al. (2016); Goshme et al. (2014) who reported that the 
male Dorper crossbred lambs were heavier than the female 
counter parts under similar management condition. The 
current result also showed that lambs with singleton were 
heavier (P < 0.001) than lambs with twin birth except 
post-weaning average daily gain. This difference may 

be attributed to the fact that lesser availability of uterine 
space, limited capacity of ewes to provide more nutrients 
during pregnancy among multiple births and also the com-
petition for dam’s milk during pre-weaning period (Ehsan-
inia 2021; Mokhtari et al. 2012). As indicated in Tables 2 
and 3 parity has a significant effects (P < 0.05) on WT0, 
WT3, ADG1 and ADG3. Accordingly, lambs born from 
dams in their 1st parity had lighter weight at WT0, WT3 
and ADG1 as compared to lambs born from the successive 
parities. The significant effects of parity can be ascribed 
to difference in maternal effects and maternal behavior of 
ewes at different ages (Ehsaninia 2021). The same effects 
of parity for Dorper crossbred lambs were reported by 
Abebe et al. (2016); Belete et al. (2015) under different 
management condition. The present finding also revealed 
that birth season had a significant effect (P < 0.001) in all 
studied traits except ADG2. Lambs born during dry sea-
son had lower growth performance in most studied traits 
as compared to lambs born during main and short rainy 
seasons. This may be attributed to availability of graz-
ing pasture and disease incidence varied across seasons. 
The non-significant effects of most fixed effects on ADG2 
may be due to the presence of a significant weaning shock 
on lamb performance during separation from their dam. 

Table 2   Effect of non-genetic 
factors on the body weight 
of Dorper crossbred sheep 
(LSM ± SE)

abc  On the same column, numbers bearing the same superscript are not statistically different. ns = not sig-
nificant, ***P < 0.001, **P < 0.01 and *P < 0.05, WT0-WT12 weight at age 0, 3, 6 and 12 months respec-
tively, F1 first generation lamb, F2 second generation lamb, F3 third generation lamb

Parameters n WT0 (kg) n WT3 (kg) n WT6 (kg) n WT12 (kg)

Overall mean 1347 3.01 ± 0.02 931 12.82 ± 0.12 737 17.00 ± 0.16 517 26.54 ± 0.28
Birth year *** *** *** ***
Gender *** ns *** ***

  Male 656 2.89 ± 0.06 458 12.59 ± 0.35 360 15.87 ± 0.45 232 25.55 ± 0.65
  Female 691 2.74 ± 0.05 473 12.24 ± 0.35 377 15.14 ± 0.44 285 23.97 ± 0.62

Birth type *** *** *** ***
  Single 1227 3.20 ± 0.05 854 13.88 ± 0.29 685 17.18 ± 0.35 478 26.85 ± 0.52
  Twins 120 2.42 ± 0.07 77 10.96 ± 0.47 52 13.84 ± 0.62 39 22.67 ± 0.87

Parity *** *** ns ns
  1 565 2.46 ± 0.06b 364 11.65 ± 0.36b 282 15.05 ± 0.45 203 24.11 ± 0.64
  2 303 2.82 ± 0.07a 228 12.27 ± 0.39ab 183 15.55 ± 0.49 108 24.67 ± 0.71
  3 229 2.84 ± 0.07a 158 13.05 ± 0.42a 128 15.79 ± 0.53 99 24.55 ± 0.76
  4 127 2.96 ± 0.07a 92 12.49 ± 0.46ab 74 15.47 ± 0.58 58 25.00 ± 0.81

 > 5 123 2.97 ± 0.08a 89 12.64 ± 0.48ab 70 15.67 ± 0.60 49 25.48 ± 0.87
Birth season *** *** ** ***

  Main rainy 334 2.91 ± 0.05a 236 12.22 ± 0.39b 196 15.51 ± 0.48ab 129 26.33 ± 0.69a

  Dry 861 2.92 ± 0.06a 599 11.26 ± 0.32c 485 14.49 ± 0.41b 354 23.88 ± 0.56b

  Short rainy 152 2.60 ± 0.08b 96 13.78 ± 0.51a 56 16.32 ± 0.65a 34 24.08 ± 0.99b

Generation *** *** *** ns
  F1 634 2.67 ± 0.04a 462 11.74 ± 0.28a 382 15.50 ± 0.37b 255 24.74 ± 0.56
  F2 673 2.84 ± 0.05b 436 12.94 ± 0.32b 325 16.91 ± 0.41a 238 24.61 ± 0.58
  F3 40 2.92 ± 0.12b 33 12.58 ± 0.69b 30 14.11 ± 0.84b 24 24.95 ± 1.16
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Furthermore, second generation crossbred lambs had sig-
nificantly higher (P < 0.001) WT0, WT3, WT6 and ADG1 
than first generation crossbred lambs. This may be attrib-
uted to the difference in uterine effect among Dorper cross 
and local dams.

Estimates of genetic parameters

Estimates of (co)variance components and genetic param-
eters for body weight and average daily gain traits are shown 
in Table 4. Estimates of direct genetic heritability for birth 

Table 3   Effect of non-genetic 
factors on the average daily 
gain of Dorper crossbred sheep 
(LSM ± SE)

abc On the same column, numbers bearing the same superscript are not statistically different. ns not signifi-
cant, ***P < 0.001, **P < 0.01 and *P < 0.05, ADG1 birth to weaning average daily gain, ADG2 weaning 
to six months average daily gain, ADG3 six months to yearling average daily gain, F1 first generation lamb, 
F2 second generation lamb, F3 third generation lamb

Parameters n ADG1 (g/day) n ADG2 (g/day) n ADG3 (g/day)

Overall mean 931 107.78 ± 1.23 737 46.36 ± 1.70 517 54.21 ± 1.49
Birth year *** *** ***
Gender ns ns ns

  Male 458 107.22 ± 3.71 360 38.11 ± 5.19 232 53.81 ± 4.23
  Female 473 104.97 ± 3.65 377 36.02 ± 5.01 285 50.89 ± 4.03

Birth type *** ns ns
  Single 854 117.97 ± 3.08 685 40.31 ± 4.05 478 54.61 ± 3.38
  Twins 77 94.24 ± 4.89 52 33.82 ± 7.05 39 50.08 ± 5.66

Parity ** ns *
  1 364 101.20 ± 3.75b 282 39.85 ± 5.18 203 51.53 ± 4.20ab

  2 228 104.84 ± 4.07ab 183 39.04 ± 5.62 108 55.24 ± 4.66a

  3 158 112.86 ± 4.42a 128 34.84 ± 6.06 99 43.67 ± 4.95b

  4 92 105.10 ± 4.77ab 74 39.11 ± 6.64 58 52.40 ± 5.29ab

 > 5 89 106.49 ± 5.02ab 70 32.60 ± 6.83 49 58.88 ± 5.70a

Birth season *** ns **
  Main rainy 236 102.51 ± 4.06b 196 39.18 ± 5.50 129 58.22 ± 4.54a

  Dry 599 91.97 ± 3.31c 485 38.88 ± 4.62 354 54.27 ± 3.65ab

  Short rainy 96 123.81 ± 5.34a 56 33.13 ± 7.42 34 44.54 ± 6.35b

Generation *** ** *
  F1 462 100.05 ± 2.95b 382 40.56 ± 4.30ab 255 49.00 ± 3.68ab

  F2 436 111.49 ± 3.37a 325 48.93 ± 4.66a 238 45.50 ± 3.80b

  F3 33 106.76 ± 7.26ab 30 21.71 ± 9.51b 24 62.52 ± 7.54a

Fig. 1   Phenotypic body weight 
trend by year of birth
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weight depended on the model used, ranging from 0.04 to 
0.19. Fitting a permanent environmental effect (Model 2) 
substantially increased the log-likelihood values over that for 
Model 1, indicating a significant permanent environmental 
effect in birth weight. Fitting maternal genetic effect (Model 
4) for birth weight also significantly increased log-likeli-
hood when compared with other models. Based on the most 
appropriate model (Model 4) for birth weight, the estimates 
of direct and maternal genetic heritability was 0.10 ± 0.06 
and 0.26 ± 0.07 respectively. The estimate of direct genetic 
heritability of birth weight in the present study was com-
parable to the finding of Mandal et al. (2006) in Muzaffar-
nagari sheep and while, lower maternal genetic heritability 
was reported by same author. However, higher estimates of 
direct and maternal genetic heritability of birth weight was 
reported by Gizaw et al. (2007); Habtegiorgis et al. (2020) 
for indigenous sheep breeds in Ethiopia. On the other hand 
lower direct and maternal genetic heritability estimate were 
reported by Rashidi et al. (2008) in Kermani sheep by fitting 
the same model.

Fitting maternal genetic effects without considering 
covariance between direct and maternal genetic effects 
(Model 3), was determined as the best model for WT3. 
Based on the most appropriate model direct and maternal 
genetic heritability for WT3 was 0.29 ± 0.09 and 0.14 ± 0.05 
respectively. The most appropriate model for WT6 and 
WT12 were model including only direct genetic effects. 
This revealed that lesser effect of permanent and maternal 
genetic effect in six months and yearling weight. Based on 
the appropriate model (Model 1), the estimates of direct 
genetic heritability for WT6 and WT12 were 0.37 ± 0.10 
and 0.10 ± 0.09 respectively. The direct genetic heritability 
estimates for WT3 and WT6 were moderate in magnitude, 
while the direct genetic heritability estimates for WT12 was 
weak. Estimates of direct genetic heritability for WT3, WT6 
and WT12 were lower than values reported by Gizaw et al. 
(2007) in Menz sheep. However, direct genetic heritability 
estimate in the current study for WT3 and WT6 were higher 
than values reported by Matika et al. (2003); Mokhtari et al. 
(2012); Singh et al. (2006) in other sheep breeds. A reliable 

Fig. 2   Phenotypic trend of aver-
age daily gain by year of birth
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Table 4   Estimates of variance components and heritability for growth traits

σ2
P phenotypic variance, σ2

a additive variance, σ2
m maternal variance, σ2

c common environment variance, σ2
e error variance, h2

a direct herit-
ability, h2

m maternal heritability, h2
c ration of permanent environment variance to the total phenotypic variance, h2

t total heritability, ram genetic 
correlation between direct and maternal additive heritability, σam; covariance between direct and maternal additive genetic effect, Log (L) log 
Likelihood. WT0 weight at birth, WT3 weight at weaning, WT6 weight at six months, ADG1 average daily gain from birth to weaning, ADG2 
average daily gain from weaning to six month, ADG3 average daily gain from six months to yearling

Traits Model h2
a h2

m c2 h2
t ram σ2

a σ2
m σ2

c σ2
e σ2

P σam Log (L)

WT0 4 0.10 (0.06) 0.26 (0.07) 0.01 -0.90 (0.23) 0.03 0.082 0.244 0.311 -0.045 50.256
WT3 3 0.29 (0.09) 0.14 (0.05) 0.35 2.337 0.999 4.671 8.007 -1404.724
WT6 1 0.37 (0.10) 0.37 (0.10) 4.228 7.055 11.283 -1238.409
WT12 1 0.10 (0.09) 0.10 (0.09) 1.748 16.223 17.971 -994.25
ADG1 4 0.43 (0.15) 0.26 (0.11) 0.22 (0.02) -0.67 (0.18) 391.756 242.366 489.786 917.509 -206.399 -3514.622
ADG2 1 0.04 (0.05) 0.04 (0.05) 60.137 1563.22 1623.357 -3032.983
ADG3 1 0.14 (0.09) 0.14 (0.09) 105.997 666.619 772.616 -1877.644
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reason for the negative correlation between direct and mater-
nal genetic effects (Model 4) can be poor environmental 
conditions and poor data structure (low number of progeny 
records per dam) (Bakhshalizadeh et al. 2016).

The most appropriate model for ADG1 was model includ-
ing maternal genetic effects with considering covariance 
between direct and maternal genetic effects (Model 4). A 
model including only the direct genetic effects was the most 
appropriate model for ADG2 and ADG3. This indicated the 
lesser effect of permanent and maternal genetic effects in 
ADG2 and ADG3. Based on the most appropriate model 
direct genetic heritability estimates for ADG1, ADG2 and 
ADG3 were 0.43 ± 0.15, 0.04 ± 0.05 and 0.14 ± 0.09 respec-
tively. Direct genetic heritability estimate for ADG1 in the 
current study was higher than values reported by Habte-
giorgis et al. (2020); Matika et al. (2003); Mokhtari et al. 
(2012); Rashidi et al. (2008) in other sheep breeds. Direct 
genetic heritability estimate for ADG2 was lower than values 
reported by Habtegiorgis et al. (2020) in Doyogena sheep. 
However, direct genetic heritability estimates for ADG2 
in the current study was higher than values reported by 
Tamioso et al. (2013) in Suffolk lambs. The current results 
revealed that maternal genetic effects was a considerable 
source of phenotypic variation for pre-weaning growth 
period. Thus, both direct and maternal genetic effects were 
found to be important for the genetic parameter estimation of 
pre-weaning growth period. A similar findings was obtained 
by Behzadi et al. (2007) in Kermani sheep. When maternal 
effects contribute significant source of variation in the phe-
notype of progenies, prediction of selection response should 
be done by estimating total heritability (h2

t) (Willham 1972).

Correlation estimates

Multivariate analyses results are presented in Table 5. The 
genetic correlation between studied traits ranged from low 
to high in magnitude -0.43 (ADG2-ADG3) to 0.99 (WT3-
ADG1). Estimates of genetic and phenotypic correlations 
between WT3 and ADG1 was 0.99. These high estimates 
are expected because WT3 partly contributes to the calcu-
lation of ADG1. Strong genetic and phenotypic correlation 
between WT3 and ADG1 were also reported by Rashidi 
et al. (2008) for Kermani sheep. Moderate (0.66) direct 
genetic correlations were obtained for WT3-WT6 the corre-
sponding estimates was comparable with estimates of Singh 
et al. (2006) in crossbred sheep (0.76). However, lower esti-
mate of direct genetic correlation between WT3 and WT6 
was reported by Habtegiorgis et al. (2020); Mohammadi 
et al. (2012). Positive and moderate direct genetic correla-
tion between WT3 and WT6 weight could be an opportunity 
to select best animal early in the process of developing syn-
thetic breed through successive crossing. Genetic correlation 
between ADG1 with ADG2 and ADG3 was negative and 

weak in magnitude. It revealed that lambs with higher daily 
gain in pre-weaning period were less efficient during the 
post-weaning period and vice versa. The negative and weak 
genetic correlations between those traits imply that different 
genetic mechanisms are involved in expressing those traits 
at different stage of growth (Mohammadi et al. 2011, 2015). 
The genetic and phenotypic correlation estimates of WT0 
with other traits were weak in magnitude. The weak genetic 
and phenotypic association of WT0 with other traits can be 
explained by WT0 is highly influenced by prenatal maternal 
environment compared to other traits.

Genetic trends and inbreeding coefficient

The genetic trends for WT0, WT6 and WT12 from pooled 
data analysis showed a positive improvement trends a rate 
of 0.002, 0.058, 0.026 kg over years respectively. Moreo-
ver, ADG1 and ADG3 showed improvement trends a rate of 
0.781 and 0.074 g over years respectively. However, WT3 
and ADG2 showed a declining trend at rate of 0.005 kg 
and 0.009 g over years respectively (Figs. 3 and 4). This 
could be due to existence of poor environmental condition, 
it could result in lamb not expressing their genetic potential. 

Table 5   Correlation estimates among studied traits

rp12 phenotypic correlation between trait 1 and trait 2, rd12 direct 
genetic correlations between traits 1and 2, WT0-WT12 weight at age 
0, 3, 6 and 12  months respectively, ADG1 average daily gain from 
birth to weaning, ADG2 average daily gain from weaning to six 
months, ADG3 average daily gain from six months to yearling

Trait 1 Trait 2 rd12 re12 rp12

WT0 WT3 0.42 ± 0.20 0.18 ± 0.06 0.24 ± 0.03
WT0 WT6 0.34 ± 0.22 0.04 ± 0.07 0.13 ± 0.04
WT0 WT12 0.41 ± 0.22 0.01 ± 0.09 0.14 ± 0.05
WT0 ADG1 0.27 ± 0.23 0.02 ± 0.06 0.08 ± 0.04
WT0 ADG2 0.00 ± 0.32 -0.10 ± 0.07 -0.08 ± 0.04
WT0 ADG3 0.17 ± 0.27 -0.01 ± 0.08 0.03 ± 0.05
WT3 WT6 0.66 ± 0.22 0.23 ± 0.07 0.35 ± 0.04
WT3 WT12 0.53 ± 0.22 0.24 ± 0.09 0.33 ± 0.04
WT3 ADG1 0.99 ± 0.01 0.99 ± 0.00 0.99 ± 0.00
WT3 ADG2 -0.20 ± 0.33 -0.57 ± 0.05 -0.49 ± 0.03
WT3 ADG3 0.01 ± 0.30 0.06 ± 0.08 0.04 ± 0.05
WT6 WT12 0.58 ± 0.20 0.45 ± 0.08 0.49 ± 0.04
WT6 ADG1 0.64 ± 0.23 0.23 ± 0.07 0.34 ± 0.04
WT6 ADG2 0.61 ± 0.21 0.67 + 0.04 0.64 ± 0.02
WT6 ADG3 -0.32 ± 0.27 -0.54 ± 0.07 -0.48 ± 0.04
WT12 ADG1 0.49 ± 0.23 0.25 ± 0.08 0.32 ± 0.04
WT12 ADG2 0.20 ± 0.36 0.19 ± 0.09 0.20 ± 0.05
WT12 ADG3 0.54 ± 0.21 0.44 ± 0.08 0.47 ± 0.04
ADG1 ADG2 -0.20 ± 0.33 -0.56 ± 0.05 -0.49 ± 0.31
ADG1 ADG3 -0.02 ± 0.31 0.06 ± 0.08 0.04 ± 0.05
ADG2 ADG3 -0.43 ± 0.34 -0.50 ± 0.06 -0.48 ± 0.04
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Therefore, improving management practices of the center 
during this period could improve the genetic progress. The 
annual genetic trends across generation for all studied trait 
showed improvement trends except for WT3 in first genera-
tion lambs (Tables 6 and 7). Reasons for low R2 values of 
most studied traits could be these traits are highly influenced 
by environmental factors. The average inbreeding coefficient 
of Dorper crossbred sheep was 0.158% with annual inbreed-
ing rate of 0.009% (P < 0.5875). Total number of inbred ani-
mal in the current study were nine and its average inbreed-
ing coefficient was 23.61% (Table 8). The coefficient of 

inbreeding for first generation lambs was zero due to cross-
ing of distinct breed of sheep. Average inbreeding coefficient 
recorded in the current study was lower than values reported 
by Habtegiorgis et al. (2020) in Doyogena sheep (0.3%) 
and Areb et al. (2021) in Bonga sheep (0.36%). Generally, 
inbreeding coefficient recorded under the present study was 
under acceptable ranges. According to Food and Agricul-
tural Organization of the United Nations (FAO) inbreeding 
rate should be maintained below the range of 0.5–1% per 
year to avoid risk of genetic disorders and inbreeding depres-
sion (Food and Agriculture Organization 2010).

Fig. 3   Genetic body weight 
trend by year of birth
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Fig. 4   Genetic averag daily gain 
trend by year of birth
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Table 6   Genetic trend (kg) for weaning, six months and yearling body weight by lamb generation

WT3–WT12 weights at age 3, 6 and 12 months, respectively. F1 and F2 is first and second generation crossbred lambs respectively

Generation WT0 WT3 WT6 WT12

Slope R2 P value Slope R2 P value Slope R2 P value Slope R2 P value

Overall 0.002 0.199 0.168 -0.005 0.068 0.437 0.058 0.237 0.129 0.026 0.205 0.188
F1 0.002 0.053 0.522 -0.01 0.147 0.274 0.05 0.087 0.407 0.01 0.014 0.762
F2 0.010 0.671 0.013 0.00 0.00 0.994 0.05 0.128 0.385 0.06 0.387 0.099
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Conclusion

The current study contributes to model comparison and 
estimates of genetic parameters in Dorper crossbred sheep. 
Selection for weaning, six months and pre-weaning aver-
age daily gain would be expected to yield good response 
as these traits was found moderately heritable. Strong to 
moderate genetic correlation of weaning weight with six 
months weight, yearling and pre-weaning average daily 
gain suggested that selection based on weaning weight 
would result in improvement of other growth traits due to 
correlated response.
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