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Abstract

The aim of the study was to assess the weight development of sheep from the Bulgarian Dairy Syn-
thetic Population, with a genetic component of the breeds East Friesian, Lacaune and Chios. Analyzed 
were 903 pedigrees and a total of 2180 records for live weight at weaning, at 9, 18 and 36 months of 
age of ewes reared at the Agricultural Institute – Shumen. An animal model was used to achieve this 
goal. The established average values were 27.973 kg at weaning, 49.608 kg at 9 months, 66.574 kg 
at 18 months and 71.482 kg at 36 months. The variation of the symptom decreased with increasing 
age from 16% at weaning to 6% at 36 months of age. Genetic assessments of individual generations 
and the phenotypic realization of the trait did not follow a clear tendency to increase or decrease live 
weight. In purebred animals, a close to the general average additive and a weak negative non-additive 
effect was found for all ages. The values of the additive and non-additive effect in the genetic groups 
with a component of 12.5% of the East Friesian breed, the Lacaune breed for the first generation and 
the Chios breed for the first and subsequent generations were predominantly positive.

Key words:  sheep, live weight, additive and non-additive effects, Bulgarian Dairy Synthetic Pop-
ulation, animal model 

Introduction

Appropriate natural and climatic conditions 
and long-standing traditions favor the develop-
ment of sheep breeding in Bulgaria. It is wide-
spread in the plains as well as in the mountain-
ous and semi-mountainous areas, providing a 
livelihood for a large part of the population in 
rural areas. As of November 1, 2019, 1,280,983 
sheep are bred in Bulgaria, of which 950,019 are 
dairy sheep (Ministry of Agriculture, Food and 
Forestry, “Agro statistics” Department). The ani-
mals from the Bulgarian Dairy Synthetic popu-
lation (BDSP), registered in 2005, have the larg-

est relative share of the whole population. The 
applied methods of creation, with the participa-
tion of the East Friesian (EF) and Awassi (Aw) 
breeds (Hinkovski et al., 1984, 2008; Dimitrov, 
1986; Vitkov, 1987; Tzvetanov, 1989; Dimov, 
1995; Stancheva, 2003; Boikovski et al., 2005, 
2006; Ivanova et al., 2013 and Stancheva et al., 
2014b, 2015, 2016), classify sheep from the Syn-
thetic population as a composite commercial 
breed for milk, according to international stan-
dards (Rasali et al., 2006).

The sheep from the Bulgarian Dairy Synthet-
ic population have the potential for high milk 
yield – from 150 to 200 l (for the milking period) 
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and good fertility – 150 lambs from 100 ewes 
(Stancheva et al., 2014b). There is no official data 
on the level of productivity achieved in the pri-
vate sector in the available sources of informa-
tion. In studies conducted in the nucleus flocks 
of the Agricultural Academy, various research-
ers expressed the opinion that the realization of 
the genetic potential of animals depended mainly 
on the provided complete nutrition and environ-
mental conditions (Boikovski et al., 2006; Hink-
ovski et al., 2008; Ivanova, 2013; Ivanova et al., 
2013; Raicheva and Ivanova, 2010, 2011a, b, 2015; 
Slavova et al., 2015; Stancheva et al., 2014a, b).

Good productivity, adaptability and resilience 
make the sheep of the population preferred for 
breeding throughout the country – predominant-
ly in the intensive plains and semi-mountainous 
areas. The desire of new farmers to accelerate 
genetic progress has increased interest in the 
possibility of introducing genetic variants of 
highly productive dairy breeds Lacaune, Assaf, 
Awassi and Chios, which have been adapting to 
a wide climate range and have been increasingly 
entering our country. This has given us reason 
to say that in the conditions of genetic renewal, 
the efficiency of the selection and the future de-
velopment of the sheep from the Dairy Synthetic 
population will depend on the newly formed ge-
netic diversity, the applied breeding schemes, the 
genetic qualities of the selection animals and the 
permanent analysis of the caused genetic effects 
in the course of improving the main produc-
tive traits. Studies conducted by Stancheva et al. 
(2016, 2017) and Krastanov et al. (2018), with the 
largest nucleus flock of BDSP were focused in 
this direction. Based on the changes in the genet-
ic structure of the flock, the authors performed a 
genetic assessment of the effect of individual ge-
nealogical lines, analyze the genetic variant and 
the genetic effects caused by the milk trait, in an 
experiment with genetic plasma from Chios and 
Lacaune breeds.

Live weight (LW) is a selection trait that is 
controlled in all productive areas, and the weight 
development of sheep is a key indicator for prof-
itable production. Live weight monitoring is an 
important part of good management practices 
at the individual and flock level for a number of 

reasons (controlling nutritional status, physical 
condition at each productive stage, reproduction, 
health problems) (Slippers et al., 2000; Brown 
et al. al., 2015; Ángeles Hernández et al., 2017; 
González-García et al., 2021), and is an indica-
tor of breed standards (Pesmen and Yardimci, 
2008). This, in turn, requires the assessment of 
the effect of the selection to be based on infor-
mation about the genetic changes in the structure 
of sheep of different breeds. 

The aim of the current study was to assess 
the weight development of sheep from the Bul-
garian Dairy Synthetic population, with genetic 
elements of East Friesian, Lacaune and Chios 
breeds.

Material and methods 

The object of the study was the weight de-
velopment of ewes from the Bulgarian Dairy 
Synthetic population (BDSP), bred at the Agri-
cultural Institute – Shumen. The flock was cre-
ated according to a peculiar modified scheme 
and already in the stage of the applied crossing 
schemes a genealogical structure was formed and 
built (Stancheva, 2003; Stancheva et al., 2014a, 
2015, 2016, 2017). For more than 30 years, ”in-
line breeding” has been carried out with rams 
of own production. The animals were reared in 
barns and pastures in a semi-intensive produc-
tion system. The used feed for nutrition was of 
own production. The reproductive process was 
carried out as standard – once a year in the 
months of June and July. The sheep were arti-
ficially inseminated according to an individual 
plan at the age of 18 months, after the forma-
tion of the flocks. The lambing campaign usu-
ally starts the second half of November and ends 
by mid-January. Milking is mechanized and is 
carried out twice, after weaning the lambs. One 
ram of the Chios and Lacaune breeds was pur-
chased for the introduction of components for 
high milk yield in 2007. In 2008 a second ram 
of the Lacaune breed was purchased, which was 
not related to the previously purchased breeder 
of the same breed. Ewes were subjected to cross-
breeding, for which a high degree of inbreeding 
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was found during the subsequent insemination 
with breeders from the flock and those of un-
known origin for one of the direct parents. The 
breeder of the Chios breed worked only in 2008 
and has no male offspring left. The two rams of 
the Lacaune breed have their own male offspring 
with a blood count of 25% and 37.5%. 

Genetic structure of the flock
Based on information from the Pedigree 

books, 903 pedigrees of 628 sheep were ana-
lyzed to establish the parental relation of the par-
ents and grandparents for each individual up to 
the 3rd pedigree belt, including according to the 
scheme:

♀D (♀( D D D х S D D) х ♂ ( D S D х S S D)) 
♂S(♀(DDSхSDS)х♂(DSSхSSS)).

Based on the obtained information, it was 
found that the genetic structure in the studied 
flock was formed by 33 genotypes with different 
breed combinations, of which 30 have complete 
pedigree data. Depending on the percentage of 
individual breeds in the genotype of each indi-
vidual, the genetic groups were also identified 
(Stancheva et al., 2016).

Genetic and phenotypic assessments. Esti-
mates of additive genetic effects and non-addi-
tive abnormalities in identified genetic groups

The study included a total of 2180 records of 
live weight at weaning, at 9, 18 and 36 months 
for the period 2008 to 2013. The data were ob-
tained according to standard methods and guide-
lines specified in the Instruction for control of 
productive qualities and grading of sheep from 
the BDSP (2007, 2013).

Based on the analyzed information about the 
breed relation of the parents and grandparents of 
each animal, a variable was generated with the 
individual information about the genetic origin of 
each animal. This allowed the correct reflection 
of the alleles coming from the different popu- 
lations in the paternal or maternal line for the 
genotype of each animal. 

A model based on the general genetic hypoth-
esis was used to establish unbiased estimates. 

The analysis was based on the theoretical ex-
pectation that the genetic variation in the stud-
ied population was caused by both the additive 
effect of individuals and non-additive effects 
caused by variation in different genotypes of in-
dividuals resulting from the interaction between 
breeds involved in the formation of pedigree of 
each animal. The analysis of the genetic effects 
in the identified genetic groups was performed 
in two stages – assessed components of the gen-
otypes and genetic effect of the genetic groups. 

The statistical analysis was based on the fol-
lowing animal model:

Traitijklm = Yeari + Genj + Animalk + Eijklm 

In which: 
Trait – mth studied trait (live weight at wean-

ing, at 9, 18 and 36 months); 
Yeari – fixed effect of i year; 
Genj – random effect of j genotype; 
Animalk – random effect of k animal; 
Eijklm – random effect of unobserved factors.

The softwares VCE by Kovac et al. (2008), 
PEST by Groeneveld et al. (2002) were used to 
process the results.

Trait – m studied trait. 

Results and discussion 

Weight development results of ewes are 
shown in Table 1. Average live weight values 
are 27.973 kg at weaning, 49.608 kg at 9 months, 
66.574 kg at 18 months and 71.482 kg at 36 
months. The variation of the trait decreased with 
age, from 16% at weaning to 6% at 36 months. 
The sheep from the flock of the Agricultural 
Institute – Shumen were traditionally distin-
guished by high live weight, which was inher-
ited from the mother and partly from the breed-
improvers, which participated in the process of 
its creation and formation. The results reported 
by Stancheva (2003) for the weight development 
of sheep in this period were higher for all stud-
ied ages (32.121 kg at weaning; 55.928 kg at 9 
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months; 79.283 kg at 18 months and 83.976 kg 
at 36 months). Probable reasons for this are fac-
tors of different nature – age at weaning, mater-
nal effect, individual, genotype, manifestation 
of a stronger heterosis effect, breeding system, 
environmental conditions and others. For sheep 
from the same flock Stancheva et al. (2015) re-
ceived a higher value for live weight at weaning 
(28.710 kg) and lower, for other ages (46.590 kg 
at 9 months; 64.630 kg at 18 months and 70.870 
kg at 36 months). Significantly lower was the live 
weight of sheep from BDSP bred in the other 3 
flocks of the institutes of the Agricultural Acad-
emy. For example, the live weight at weaning in 
the IAS – Kostinbrod flock was in the range of 
20.86–22.38 kg, less than 40.00 kg at 9 months, 
up to 53.80 kg at 18 months and less than 60 kg 
at 36 months (Hinkovski et al., 2008; Ivanova 
and Raicheva, 2015; Ivanova, 2019; Stancheva 
et al., 2014b). The established average values of 
the trait for the same ages in the Agricultural In-
stitute – Stara Zagora were between 17.00 and 
22.00 kg at weaning, up to 47.93 kg at 9 months, 
within 55.88–57.10 kg at 18 months and up to 
62.34 kg at 36 months (Slavova et al., 2015, 2021; 
Stancheva et al., 2014b). The live weight of the 
sheep at the Institute of Agriculture – Karnobat 
was on average 23.203 kg at weaning; 42.351 kg 
at 9 months; 51.900–56.539 kg at 18 months and 
59.134 kg at 36 months (Iliev and Tsonev, 2018; 
Stancheva et al., 2014b).

It is known that live weight of sheep was in-
fluenced by various genetic and non-genetic fac-
tors (Mandal et al., 2003; Behzadi et al., 2007; 
Dass et al., 2008; Rashidi et al., 2008; Petrović et 
al., 2012; Taskin et al., 2012; Momoh et al., 2013; 
Haile et al., 2017; Panayotov et al., 2019; Al-Mo-
man et al., 2020). The dynamics of the trait in the 
course of the selection process was of undeni-
able interest. In our country, Stancheva (2003); 

Slavova et al. (2015); Stancheva et al. (2015); 
Iliev and Tsonev (2018) found a significant effect 
of linear relation, year of birth, year of produc-
tion and other factors on the weight development 
of BDSP sheep. 

Estimates of individual generations for 
live weight are shown in Figure 1. There was 
no clear tendency to decrease or increase the 
trait at different ages. Animals born in 2007, 
2010 and 2011 (27 kg; 32.382 kg and 30.188 
kg) had a score above the general genetic av-
erage and with positive deviations of the first 
age, and those born in 2008, 2009 were with 
significantly lower estimates and negative de-
viations and 2012 (24.608 kg; 26.342 kg and 
24.096 kg). The established differences were 
a logical consequence of the applied selection 
practice of linear breeding in the studied flock 
and the manifestation of the maternal effect 
during the mammalian period. Due to the fact 
that the main selection feature was milk yield, 
lambs with lower live weight were also suit-
able, which at a later stage were able to com-
pensate for their weight development (Stanche-
va, 2003; Stancheva et al., 2015). The results 
obtained by us were different for the following 
ages. Only the evaluations of animals born in 
2011 had positive deviations of all ages. Those 
born in 2010, which at weaning had the highest 
score for live weight, at 18 months were pre-
sented with the lowest compared to all others. 
The compensatory capabilities of the animals 
were best expressed in the 2008 generation, for 
which live weight estimates were significantly 
lower and with negative weaning deviations at 
9 months and significantly higher with positive 
deviations at 18 and 36 months.

The observed dynamics of change in the val-
ues of the trait was probably due to both the con-
ducted breeding activity and the care taken for 

Table 1. General mean of the live weght of Sheep from Bulgarian Dairy Sinthetic Population, kg
Live weght observations (n) χ CV (%) SD
at weaning 628 27.973 16.00 4.555
on 9 months of age 628 49.608 10.00 4.729
on 18 months of age 623 66.547 9.00 6.078
on 36 months of age 301 71.472 6.00 4.041
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the breeding and feeding of the animals during 
the separate economic years. 

Figure 2 shows the phenotypic realization of 
live weight for different ages. The results con-
firmed our thesis that the manifestation of the 
genetic abilities of animals was largely due to 
changes in environmental factors in the years 
of production. As already mentioned, the dif-
ferences in live weight at weaning could be 
explained by the presence of a maternal effect 
and the admission of replacement lambs with 
lower live weight and lower age, but the sub-
sequent weight development of the animals in-
dicated deficiencies in their rearing and a bal-
anced diet. As an example, we can point out the 
negative deviations for the realized live weight 
at 9 months in 2007, 2008 and 2012 marketing 

years. Similar was the finding for the pheno-
typic realization of the trait in 2011 and 2013 
economic years at 18 months. At that point the 
animals entered breeding activity and after the 
first weaning and lactation in 2011, when the 
animals were 36 months old. Only animals that 
produced in 2010 had positive deviations of all 
ages.

The studies on the weight development of 
sheep from the Synthetic population after the se-
lection experiments for the introduction of ge-
netic plasma for high milk yield from the breeds 
Lacaune, Assaf, Awassi and Chios were isolated 
and were related to the evaluation of the results 
obtained in the first generation animals (Ivanova 
and Raicheva, 2015; Ivanova, 2019; Djorbineva 
et al., 2008; Stancheva et al., 2015). 

 

 

 

Fig. 1. Estimates of weight development depending on the year of birth, kg 
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Table 2 shows the summarized estimates 
of the genetic effects in the identified genetic 
groups in the studied flock. The results show that 
in the conditions of internal breeding the pure-
bred animals from BDSP have slight negative 
deviations for the additive and non-additive epi-
static effect of all studied ages (27.771 and -0.038 
for live weight at weaning; 49.548 and -0.043 for 
live weight at 9 months; 66.363 and -0.019 for 
live weight at 18 months; 71.321 and -0.163 for 
live weight at 36 months).

In the groups with a genetic component of the 
EF breed, the values of the additive and epistat-
ic non-additive effect for all ages were mainly 
negative. The established positive values for live 
weight at weaning, at 9 and 36 months of age 
for animals with 12.5% participation of EF breed 
(27.971 and +0.162 for live weight at weaning; 
49.533 and +0.133 for live weight at 9 months; 
72.083 and +0.197 for live weight at 36 months) 
and live weight at weaning in individuals with 
50% participation of EF breed (27.931 and 
+0.122) were the only exceptions. In summary, 
we can say that for the main part of the popu-
lation a stable genetic trend of dominance and 
weak negative epistatic interactions has been es-
tablished.

In the selection experiment with the Lacaune 
breed, the values of the additive and epistatic 
non-additive effect for all ages were predomi-
nantly positive in the first generation animals. 
F1 crosses from the genetic group 50% Lacon 
37.5% BDSP 12.5% EF (29.343 and +1.534 for 
live weight at weaning; 50.374 and +0.829 for 
live weight at 9 months; 67.643 and +1.552 for 
live weight at 18 months, 72.673 and +0.910 
for live weight at 36 months), and in F1 cross-
es from the genetic group 50% BDSP 50% 
Lacaune they were negative only at 18 months 
(65.419 and -0,314). In internal breeding, with 
the participation of the Lacaune breed, a de-
crease in the positive additive effect was gen-
erally observed, probably related to the loss of 
dominance and the appearance of a negative 
epistatic effect.

In the experiment with the Chios breed, a 
mostly positive additive effect was observed for 
all ages, in the animals of the first generation. 

The same was probably due to the desired domi-
nance between the two breeds and was generally 
maintained in subsequent generations. 

The inclusion of the three breeds in breeding 
schemes indicates a good combinatorial abil-
ity. The values of the additive and epistatic ef-
fect were mostly positive at weaning, at 9 and 
18 months, but the small number of animals and 
the lack of data on the manifestation of the trait 
at the next age did not give grounds for definite 
statements. It is possible that the positive values 
were due to random genetic interactions and fa-
vorable environmental factors.

For the group of animals with unknown origin 
from one of the direct parents, the mean values 
for the additive and epistatic effect were positive 
only at 18 months.

In summary, we can say that in terms of 
weight development, close to the general aver-
age additive and low negative non-additive ef-
fect for all ages was found in purebred animals 
from BDSP. The values of the additive and non-
additive effect in the genetic groups with a com-
ponent of 12.5% of the East Friesian breed, the 
Lacaune breed for the first generation and the 
Chios breed for the first and subsequent genera-
tions were predominantly positive. 

The performed analyzes show that along with 
heterosis, the efficiency of the evaluation of the 
genetic qualities of the animals involved in the 
selection schemes was important. Of course, we 
should not neglect the individual combinatorial 
ability, which in this case was probably impor-
tant for the determined results. 

Conclusions 

Genetic evaluations for separate generations 
and phenotypic realization of the live weight trait 
did not a follow a definitive tendency for increas-
ing or decreasing in the different age periods.

A sustained genetic trend of dominance for 
live weight and weak negative epistatic interac-
tions was established for the main part of the 
population. A positive effect was found in ani-
mals with a genetic component of 12.5% of the 
East Friesian breed.
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The values of the additive and non-additive 
effectс in the genetic groups with a component 
of the Lacаune breed for the first generation and 
the Chios breed for the first and subsequent gen-
erations were predominantly positive. 

It can be argued that the introduction of new 
genetic variability from the Chios and Lacaune 
breeds did not have a negative effect on the live 
weight of sheep in the Synthetic population.
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