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Abstract

The aim of the study was to analyze the development trends, the general genetic variance and the 
genetic effects for some wool productivity traits in North-East Bulgarian Merino sheep with distinct 
participation of AM and Bo breeds in the genotype. The study included 584 pedigrees, 334 records for 
wool production and 325 records for yield and amount of clean wool of ewes, reared in the Scientific 
Center for Agriculture – Targovishte. An animal model was used to achieve an unbiased estimate. 
The genetic trend for the wool production trait was declining in the potential of animals. The tendency 
for the phenotypic realization of the trait was also unfavorable. For the yield of wool and the amount 
of clean wool, the observed general genetic tendency was positive, accompanied by a strong negative 
tendency for the phenotypic changes of both traits. The main part of the genetic variance for the 
wool production trait was due to the individual ability of the animals – 1.478 compared to 0.074 for 
the variance caused by heterosis. The proportion of the genetic variance resulting from the different 
breed combination in the genotype of the individuals was also low – 0.029 compared to 0.585 for the 
individual genetic variant. The variability was also low for the other two traits of the variance caused 
by heterosis – 23.687 at 0.001 for the yield and 0.122 at 0.001 for the amount of clean wool. The 
values of the genetic variation resulting from the different breed combination in the genotype of the 
individuals were low (0.002 versus 0.402 for the yield and 0.002 versus 0.147 for the individual genetic 
variance for the amount of clean wool). 

Key words: genetic variance, wool production, additive and non-additive effects, North-East 
Bulgarian Merino Sheep, animal model

Introduction

For many years, the selection of sheep from 
the Bulgarian Merino breeds has been aimed 
mainly at increasing the traits of wool produc-
tion. Their improvement is carried out not only 
by purebred breeding, but also by crossbreeding. 
To improve wool production, in the period 1984–
1994, genetic plasma of the breed Australian Me-
rinos (AM) was introduced. Later in time, genet-
ic components for high fertility of the Booroola 
breed (Bo) were introduced with the aim of not 
deteriorating the quality of the wool. As a result 

of the purposeful activity of scientific teams and 
breeders, highly productive and phenotypically 
similar, composite herds with unified genealogi-
cal lines have been created, within which the 
breed combinations were in different proportions 
(Boykovski, 1995; Dimitrov, 2001, 2006; Iliev, 
1999; Slavov, 2007; Slavova, 2000; Stefanova, 
2000; Staikova and Stancheva, 2009). 

Bulgaria’s exit from the “closed eastern mar-
ket” made the locally produced wool uncompeti-
tive compared to imported ones, and the subse-
quent economic reform reflected on the number 
of sheep of Merino breeds to a degree of critical 
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threat. Existing genetic and genealogical struc-
tures have been disrupted, and breeding pro-
grams have been replaced by conservation pro-
grams. In 2011, a general “Breeding program of 
merino and fine-fleece sheep in Bulgaria for the 
period 2011–2020” of the Association for breed-
ing of Merino sheep in Bulgaria was adopted 
(Stancheva et al., 2015, 2017). The new, and not 
so favorable conditions, were a prerequisite for 
the loss of valuable genetic resources and high 
values of the wool production traits, achieved 
over the years. This, in turn, required that the 
assessment of the effect of the conducted selec-
tion and the research on the occurred genetic 
variability be based on the information on the 
occurred genetic changes in the structure of the 
sheep from the Merino population.

The aim of the present study was to analyze 
the development trends, the general genetic vari-
ance and the genetic effects for some wool pro-
duction traits in sheep of North-East Bulgarian 
Merino breed with distinct participation of AM 
and Bo breeds in the genotype. 

Materials and methods

The object of the study were the wool yield, 
yield of greasy wool and the amount of clean 
wool from North-East Bulgarian Merino ewes – 
Shumen type (NEBM). The animals were born 
in the period 2008–2012 and were bred in the 
Scientific Center of Agriculture – Targovishte, a 
branch of the Agricultural Academy system. In 
the herd was introduced genetic plasma from the 
breeds Australian Merinos (AM) and Booroola 
(Bo) to improve the quality of wool and increase 
the fertility between 1984 and 1994. For more 
than 30 years, “in-line breeding” with rams of 
own production has been applied. 

The Association for breeding Merino sheep 
in Bulgaria presented the necessary data for the 
aim of the study.

Genetic structure of the flock
According to the information from the pedi-

gree books, 584 pedigrees of 335 sheep were 
analyzed from the point of view of the breed of 

the parents and grandparents for each individu
al up to the 3rd generation pedigree, including 
the scheme: ♀D(♀(DDDхSDD)х♂(DSDхSSD)) 
♂S(♀(DDSхSDS)х♂(DSSхSSS)). 

Based on the obtained information, it was 
found that the genetic structure in the studied 
flock was formed by 41 genotypes with differ-
ent breed combinations. With complete pedigree 
data were 315 animals belonging to 33 genotypes, 
and in 20 individuals the origin of one of the di-
rect parents has not been established. Depend-
ing on the percentage of individual breeds in the 
genotype of each individual, the genetic groups 
were also identified (Stancheva et al., 2017). 

Analysis of the general genetic variance and 
genetic effects of studied traits.

Wool production.
The study included 334 records of wool pro-

duction of ewes at 18 months. The data were ob-
tained according to standard methods and guide-
lines specified in the Instruction for control of 
productive qualities and evaluation of sheep by 
the Association for Breeding Merino Sheep in 
Bulgaria (2008, 2010).

Yield of wool and amount of clean fiber.
The study included 325 records of greasy wool 

yield and the amount of clean wool of ewes at the 
same age. The clean wool yield was established 
according to a generally accepted methodology 
(1979) in the Wool Laboratory – Shumen. The 
amount of clean wool was calculated on the basis 
of the wool yield, measured individually for each 
animal with an accuracy of 100 g and the estab-
lished wool yield.

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

A model based on the general genetic hypothe
sis was used to establish unbiased estimates of 
variance. The analysis was based on the theoreti-
cal expectation that the genetic variance in the 



СЕЛСКОСТОПАНСКА АКАДЕМИЯ ● ЖИВОТНОВЪДНИ НАУКИ, LVII, 3/2020 41

studied population was caused by both the addi-
tive effect of individuals and non-additive effects 
caused by variation in different genotypes of in-
dividuals resulting from crossbreeding of differ-
ent breeds involved in the formation of pedigree 
of each animal. 

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

Traitijklm = Yearj + Genj + Animalk + Eijklm
in which:
Trait – m – studied trait;
Yearj – fixed effect of i year;
Genk – random effect of j genotype;
Animall – random effect of k animal;
Eijklm – random effect of non-observed fac-

tors;
Result processing was made with the VCE 

software by Kovac et al. (2008) and PEST by 
Groeneveld et al. (2002).

Results and discussion

The obtained average values for the studied 
traits of wool production are shown in Table 1. 
The wool production of ewes at 18 months was 
9.902 kg with an average variation of the trait 
(16.0%). The value of the trait at this age (10.344 
kg) was higher in the study by Staikova and 
Stancheva (2009) on the effect of the sources 
of a specific variance on wool yield and natural 
wool length in sheep from the same flock. For 
sheep from the Merino population produced in 
the period 2007–2011, the average wool yield, 
established by Tsonev (2014) was lower (8.440 
kg), but for animals at 18 months from the stud-
ied herd the value of the trait was higher. (10.000 
kg).

For sheep of the Bulgarian Merino breeds 
bred in the institutes of the Agricultural Acade-
my system, Stancheva et al. (2015) reported val-
ues from 8.242 to 8.989 kg for the average wool 
yield of sheep in 2012 and from 9.012 to 9.400 
kg for the amount of wool obtained from sheep 
at 18 months in 2013. The wool yield of the 18-
month-old animals from the studied flock was 
8.989 kg in 2012 and 9.012 kg the following year. 
In reports by the Association for Breeding Me-
rino Sheep in Bulgaria (2017; 2018) the indicated 
average wool yield of the Merino population was 
7.674 kg in 2017 and 8.030 kg for 2018, as the 
first year with the highest wool yield were pre-
sented the animals of North-East Bulgarian Me-
rino breed (Shumen type) (8.977 kg), and in the 
second – sheep from the Karnobat Merino breed 
(8.700 kg).

The selection of wool production of breeding 
sheep and above all of rams needs to be based on 
the production of clean wool (Stefanova, 2000). 
If the production of clean wool is not taken into 
account in the selection work, this may affect the 
productivity of the flock. One of the main meth-
ods for increasing clean wool is to increase the 
yield of greasy wool, which depends on a num-
ber of factors: animal husbandry and feeding 
system, gray color, wavelength, wool density, 
degree of curl, softness of wool and many others 
(Boykovski and Stefanova, 2013). The average 
percentage of wool yield (56.251%) established 
by us was lower than the one reported by Tso-
nev (2014) for the 18-month-old sheep from the 
Merino population (59.64%), in the periods 2009 
– 2012 and 2013. The variation of the attribute 
has average values (C = 13.0%) and was close 
to the values reported by the same author (C = 
12.433% and C = 12.456%). For sheep from the 
Bulgarian Merino breeds Stancheva et al. (2015) 

Table 1. General mean of wool production of North-East Bulgarian Merino Sheep 
Traits observations (n) χ C.V. (%) S.D.
Wool productivity (kg) 334 9.902 16 1.663
Wool yield (%) 325 56.251 13 7.16
Clean fibre (kg) 325 5.505 17 0.911
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reported values for the average yield from 54.68 
to 67.93% in 2012 and from 54.73 to 61.01% in 
2013. The wool yield found by the same authors 
in 18-month-old animals from the studied flock 
was 58.69% in 2012 and 61.01% the following 
year. In the reports of Association for Breeding 
Merino Sheep in Bulgaria (2017; 2018) the aver-
age yield of the sheep from the Merino popu-
lation was 59.61% in 2017 and 59.17% for 2018 
and in both years the animals of the Karnobat 
Merino breed were presented with the highest 
yield (62.61 and 64.71%). The yield of wool in 
18-month-old animals of North-East Bulgarian 
Merino breed was 59.97% in 2017 and was the 
lowest compared to the entire population in 2018 
– 56.71%. 

The amount of clean wool (5.505 kg.), ob-
tained from the sheep generally corresponded to 
the values established in previous studies for the 
same flock. For 18-month-old animals from the 
same flock and another elite flock of the breed, 
the amount of clean wool established by Tso-
nev (2014) ranged from 4.841 to 5.902 kg. In the 
flock of Agricultural Academy, the amount of 
clean wool was in the range of 4.748 – 5.599 kg 
in 2012 and 5.144 – 5.498 kg in 2013 (Stancheva 
et al., 2015). The amount of clean wool found by 
the same authors in the 18-month-old animals of 
the studied flock was 5.276 kg in 2012 and the 
highest the following year – 5.498 kg. In reports 

of the Association for Breeding Merino Sheep 
in Bulgaria (2017; 2018), the amount of clean 
wool of sheep from the Merino population was 
4.580 kg in 2017 and 4.871 kg for 2018 as the first 
year, the amount of clean wool was the highest in 
animals of North-East Bulgarian Merino breed 
(5.425 kg), and during the second year – in the 
cases of the Karnobat Merino breed (5.685 kg).

Various Bulgarian authors have established 
a significant effect of the year of birth and pro-
duction on the traits of wool production of sheep 
(Dimitrov, 2001, 2006; Krastanov et al., 2008; 
Slavova, 2000; Slavov, 2007; Slavova et al., 2016; 
Staikova and Stancheva, 2009; Tsonev, 2014). Fig. 
1 shows the genetic and phenotypic estimates of 
the amount of wool obtained from the individual 
generations. The genetic tendency for the wool 
production trait marked a certain decline in the 
genetic potential of animals. The highest scores 
were those born in 2008 and 2009 (10.749 and 
11.172 kg), and the scores of the other three gen-
erations were below the overall average – 8.000, 
9.111 and 9.260 kg for those born in 2010, 2011 
and 2012. The phenotypic realization of the ob-
tained amount of wool was also unfavorable, 
which most likely resulted from the change of 
the environmental factors in the farm. 

For the wool yield, there was a tendency to in-
crease the genetic potential of animals born after 
2009 (Fig. 2). The assessments of those born in 

 
Fig. 1. Genetic and phenotypic trend for the wool productivity by year of birth
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2010 (60.09%), 2011 (58.85%) and 2012 (71.00%) 
significantly exceeded the overall average. The 
tendency for the phenotypic realization of the 
trait was negative, which again spoke of a sig-
nificant change of the environmental factors in 
the farm.

Genetic and phenotypic estimates of the 
amount of clean wool depending on the year of 
birth are shown in Fig. 3. Despite the divergent 
estimates, the observed general trend indicates an 
increase in the genetic potential of the animals. 
In our opinion, the results are a logical conse-
quence of the established positive genetic trend 
for the wave yield. The highest scores were those 
born in 2008 and 2012 (5.568 and 6.513 kg), and 

the scores of the other three generations were be-
low the overall average – 5.367 kg for those born 
in 2009 and 2011 and 4.817 kg for those born in 
2010. The strong negative trend for the pheno-
typic changes of the trait confirms the assump-
tion that the manifestation of the genetic abilities 
of animals is largely due to changes in environ-
mental factors in the years of production. 

The results of the initial variance analysis (Ta-
ble 2) show low levels of variability for the wool 
productivity trait, which was mainly due to the 
individual ability of the animals – 1.478 versus 
0.074 for the variance caused by heterosis. The 
proportion of the genetic variance resulting from 
the different breed combination in the genotype 

 Fig. 2. Genetic and phenotypic trend for the wool yield by wear of birth

 Fig. 3. Genetic and phenotypic trend for the clean wool by year of birth



СЕЛСКОСТОПАНСКА АКАДЕМИЯ ● ЖИВОТНОВЪДНИ НАУКИ, LVII, 3/202044

of the individuals was also low – 0.029 com-
pared to 0.585 for the individual genetic vari-
ance. The variability was very low as well for 
the other two traits, for the variance caused by 
heterosis – 23.687 at 0.001 for the yield and 0.122 
at 0.001 for the amount of pure fiber. The propor-
tion of genetic variance due to the different par-
ticipation of individual breeds in the genotype of 
individuals was also low (0.002 versus 0.402 for 
yield and 0.002 versus 0.147 for individual ge-
netic variation for the amount of clean wool).

The effect of the introduced genetic compo-
nents of the Australian Merino and Booroola 
breeds on the wool productiveness in the Bul-
garian Merino breeds was the subject of re-
search by a number of authors. For sheep of the 
Shumen type from the North-East Merino Breed 
(NEMB), Stefanova (2000) found that with an 
increase in blood from the AM breed to 50%, the 
amount of clean wool and the yield of wool in-
creased. The results obtained by Slavova (2000) 
for the influence of blood pressure from AM on 
the same traits in sheep of the Thracian Merino 
breed were similar. Dimitrov (2001) reported a 
highly significant influence of blood from the 
AM and Bo breeds on the wool production traits 
in the flock that we studied. The author found 
that the largest amount of wool and clean wool 
was obtained from ½ and ¼ blood crosses of 
Australian merino, and an increase in blood over 
¼ of the Bo breed led to a significant reduction 

in both traits. In Dobrudzha type sheep of the 
NEMB, Slavov (2007) found a slight decrease in 
wool yield and a positive effect of the AM breed 
on the wool yield and the amount of clean wool, 
and the blood of the Bo breed had a positive ef-
fect on the yield and a negative effect on the 
amount of greasy wool.

Estimates of the genetic effects in the identi-
fied genetic groups are shown in Table 3. The 
results show that in the conditions of internal 
breeding there was a weak positive additive and 
non-additive genetic effect for wool yield (9.941 
and + 0.039) and the amount of clean wool (5.514 
and + 0.009) in purebred animals of NEMB 
breed, and for the wool yield values for the addi-
tive and epistatic effect were insignificantly be-
low the general average (56.224 and – 0.27). 

As the most numerous in relation to the to-
tal population, the ewes with a genetic compo-
nent of the AM breed have a significant impact 
on wool production. In the groups with 25%, 
37.5% and 50% participation of the AM breed, 
the values of the additive and epistatic non-ad-
ditive effects were above the total average for all 
three traits. The highest results for the studied 
traits were present in the animals from the ge-
netic group 75% NEMB 25% AM (9.973 and + 
0.071 for wool production; 56.897 and + 0.646 
for wool yield; 5.516 and + 0.112 for the amount 
of clean wool). With completely negative devia-
tions for the additive and non-additive epistatic 

Table 2. Genetic variance and respective ratios of wool production of North-East Bulgarian Merino Sheep

Traits Source of variation Variance Corresponding ratios Standart Error

Wool productivity 
Residual 0.973 0.385 ± 0.103
Animal 1.478 0.585 ± 0.110
Genotype 0.074 0.029 ± 0.016

Wool yield 
Residual 33.805 0.598 ± 0.121
Animal 22.687 0.402 ± 0.121
Genotype 0.001 0.002 ± 0.016

Clean fibre
Residual 0.708 0.853 ± 0.065
Animal 0.122 0.147 ± 0.065
Genotype 0.001 0.002 ± 0.016



СЕЛСКОСТОПАНСКА АКАДЕМИЯ ● ЖИВОТНОВЪДНИ НАУКИ, LVII, 3/2020 45

effects were the individuals from the genetic 
group 87.5% NEMB 12.5% AM (9.702 and – 
0.200 for wool production; 54.435 and – 1.816 
for wool yield; 5.233 and – 0.272 for the amount 
of clean wool).

In the two groups with different genetic com-
ponents of the Booroola breed, the values of 
the additive and epistatic non-additive effects 
were completely negative in the individuals of 
the group 62.5% NEMB 37.5% Bo (9.662 and – 
0.240 for wool production; 55.090 and – 1.161 for 
wool yield 5.167 and – 0.338 for the amount of 
clean wool). For the 50% NEMB 50% Bo genet-
ic group, close to the total mean additive effects 
and a weak negative non-additive genetic effects 
were found for the wool yield trait (9.901 and – 
0.001) and positive genetic effects for the yield 
(56.377 and + 0.126) and the amount of clean 
wool (5.521 and + 0.016).

The inclusion of the three breeds in breeding 
schemes did not show good combinatorial ability. 

The values of the additive and epistatic effects were 
generally below the general average and with nega-
tive deviations for the more significantly represent-
ed genetic groups. Exceptions were the animals 
from the group 75% NEMB12.5% AM12.5% Bo, 
in which the values for wool yield and the amount 
of clean wool (10.392 and 5.748) and positive non-
additive deviations (+ 0.492 and 0.243) were found. 
Similar results were observed in some single indi-
viduals with the participation of the three breeds, 
but their small number and the lack of data on the 
manifestation of the trait of the following ages did 
not give grounds for definite statements. It is pos-
sible that the positive values were due to random 
genetic interactions, phenotype selection and fa-
vorable environmental factors. 

For the group of animals of unknown origin 
by one of the direct parents, the mean values 
for the additive and epistatic effects were above 
the total average for the three wool production 
traits.

Table 3. Estimation of the genetic effects of the different genetic groups

Genetic group n

Wool productivity, kg

n

Wool yield, % Clean fibre, kg 

Group 
additive 
means

non-
additive 
variance

Group 
additive 
means

non-
additive 
variance

Group 
additive 
means

non-
additive 
variance

100% NEBM 67 9.941 0.039 64 56.224 -0.27 5.514 0.009
87.5% NEBM 12.5% АМ 35 9.702 -0.200 34 54.435 -1.816 5.233 -0.272
75% NEBM 25% АМ 70 9.973 0.071 70 56.897 0.646 5.617 0.112
62.5% NEBM 37.5% АМ 56 9.933 0.031 54 56.261 0.010 5,506 0.001
50% NEBM 50% АМ 37 9.928 0.026 36 56.683 0.432 5.511 0.006
62.5% NEBM 37.5% Bo 14 9.662 -0.240 14 55.090 -1.161 5.167 -0.338
50% NEBM 50% Bo 8 9.901 -0.001 8 56.377 0.126 5.521 0.016
75% NEBM 12.5% АМ 12.5% Bo 8 10.392 0.490 8 55.990 -0.261 5.748 0.243
62.5% NEBM 25% АМ 12.5% Bo 5 9.228 -0.674 5 55.275 -0.976 4.936 -0.569
62.5% NEBM 25% Bo 12.5% АМ 5 9.402 -0.500 4 56.018 -0.233 5.258 -0.247
50% NEBM 37.5% Bo 12.5% АМ 3 9.016 -0.886 3 58.497 2.246 5.276 -0.229
50% NEBM 25% АМ 25 % Bo 3 9.547 -0.355 3 62.783 6.532 6.003 0.498
87.5% NEBM 12.5% Bo 2 9.767 -0.135 2 57.806 1.555 5.641 0.136
50% NEBM 37.5% АМ 12.5% Bo 1 9.121 -0.781 1 49.620 -6.631 4.424 -1.081
Unknown pedigree from the side of 
one of the parents 20 9.994 0.092 19 56.765 0.514 5.646 0.141
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In summary, we can say that the internal 
breeding of NEMB breed has a stable genetic 
trend of dominance and weak positive epistatic 
interactions for the studied traits in the groups 
with 25%, 37.5% and 50% participation of the 
breed AM and purebred animals from NEMB. 
Our results correspond to the thesis of Stefanova 
(2000), Slavova (2000) and Slavov (2007) that 
increasing the blood of the AM breed to 50% 
leads to an increase in the amount of clean wool 
and the wool yield and confirms the results of 
Dimitrov (2001), who also found an increase in 
the amount of obtained greasy wool in the flock 
we studied. 

The negative effect of the Booroola breed on 
the obtained amount of wool and clean wool, 
established by the same author, was also con-
firmed, but in our study a negative effect was ob-
served for the wool yield.

The performed analyzes are indicative that 
as a result of the long-term process of internal 
breeding the established positive differences be-
tween the formed new genetic groups with 25%, 
37.5% and 50% participation of the breed AM 
and purebred animals from NEMB for the wool 
production traits are clearly differentiated, and 
the genetic component of the Bo breed has a last-
ing negative effect. 

Conclusions

A negative genetic trend for the wool produc-
tivity trait and a positive one for the wool yield 
and the amount of clean wool were established. 
The tendency for phenotypic realization was 
negative for the three traits. 

The main part of the genetic variance for 
the wool yield traits, greasy wool yield and the 
amount of clean wool was due to the individual 
ability of the animals.

Low values of genetic variance, resulting from 
the different breed combinations in the genotype, 
were established for the wool production traits, 
greasy wool yield and clean wool quantity.

For the wool production traits a dominating 
genetic trend was established, as well as poor 
positive epistatic interactions in the groups with 

25%, 37.5% and 50% participation of the AM 
breed and purebred animals from the NEMB.
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