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Abstract

Staykova, G., Iliev, M. & Tsonev, T. (2025). Effect of different sources of specific variance on the weight develop-
ment of sheep from The North East Bulgarian merino breed. Bulg. J. Agric. Sci., 31(5), 1032–1038

This research aims to determine the effect of different sources of specific variance on the weight development of sheep 
from the North East Bulgarian Fine Fleece breed (NBFF) – Shumen type. The subjects of the study were 820 sheep, born 
between 2013 and 2020 and raised at the Scientific Center for Agriculture in Targovishte. The following traits were analyzed: 
live weight at weaning (90 days), at 9 months, and 1.5 years. Average daily gain from weaning to 9 months and from 9 months 
to 1.5 years was calculated. The influence of the factors—year of birth, type of mating, and breeding line — was researched. 
An analysis of variance was performed using a multivariate linear statistical model for each age group studied. It has been 
established that the year of birth has a highly significant influence on the live weight and the average daily gain at all ages and 
periods studied in sheep from the North-East Bulgarian Fine Fleece breed (NBFF) – Shumen type. The type of mating had 
a significant influence on the live weight at weaning and on the average daily gain from 9 months to 1.5 years. Linear affili-
ation had a substantial effect on the average daily gain from 9 months to 18 months. It has been established that the average 
live weight of sheep from the North-East Bulgarian Fine Fleece breed (NBFF) – Shumen type at weaning was 28.751 kg, at 
9 months – 42.033 kg, and at 18 months was 53.617 kg. The average daily gain from weaning to 9 months was 0.074 kg and 
from 9 months to 1.5 years was 0.045 kg. 

Keywords: Sheep; North-East Bulgarian Fine-Fleece Breed (NEFF); live weight; average daily gain; year of birth; 
breeding line

Introduction 

The live weight of sheep is a fundamental productive and 
selection trait that shows their physiological state and lev-
el of development at different ages. The dynamics of live 
weight determine the possibilities for realizing all types of 
animal productivity. This trait is dependent on several genet-
ic and environmental factors, including breed, sex, age, type 
of birth, level of nutrition, and breeding technology. Slavova 
& Staykova (2021) note that the most significant relative part 

of the income in the various productive directions of sheep 
breeding comes from the sale of animals for meat. Growth 
intensity and the ability to gain are significant in the beef, 
fine fleece, and aboriginal directions in sheep breeding. Prac-
tice shows that the sale of lamb and sheep meat provides 
an opportunity for sustainable development and ensures the 
economic viability of farms. Wool production already gener-
ates more expenses than income, as a result of which the fine 
fleece population in our country has been seriously reduced. 
The process of unification of the three breeds in the Bulgarian 
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fine fleece breed, with differentiated intrabreed types, is now 
inevitable to preserve this direction in our sheep breeding. 
Studies of productivity and factors influencing the phenotyp-
ic expression of genetic potential in fine fleece breeds were 
conducted by Boykovski et al. (2009, 2012, 2018, 2021); 
Slavov (2007); Slavova, (2019); Stancheva et al. (2015, 
2017, 2020); Tzonev (2014). Mallick et al. (2017) studied 
the influence of some factors on the weight development of 
Bharat Merino (BM) lambs, aiming to improve the breed-
ing program of the Bharat Merino (BM) breed and achieve 
a greater economic effect of rearing. Mahala et al. (2019) 
reported the results of the influence of certain non-genetic 
factors on the growth and productivity of the Avikalin sheep 
breed in India. The North East Bulgarian fine fleece breed of 
sheep occupies over 50% of the total volume of fine fleece 
breeds in Bulgaria. The herd at the Scientific Centre for Ag-
riculture in Targovishte is the nucleus of the North East Bul-
garian fine fleece breed, specifically the Shumen type. The 
farm practices purebred breeding, with six active breeding 
lines, and produces high-quality breeding material for both 
males and females to preserve and improve the breed. The 
idea of maintaining and enhancing fine fleece sheep breeding 
in Bulgaria gives rise to the need for up-to-date analyses and 
motivates our research. The obtained results will enable the 
adequate determination of the levels of subsidization and the 
economic viability of this valuable national gene pool.

This research aimed to determine the effect of different 
sources of specific variance on the weight development of 
sheep from the North East Bulgarian Fine Fleece Breed 
(NEBFFB) – Shumen type.

Materials and Methods 

The subject of the study are 820 sheep born between 
2013 and 2020, and raised at the Scientific Center for Agri-
culture in Targovishte. The following traits were analyzed: 
live weight at weaning (90 days), at 9 months, and 1.5 years. 
Average daily gain from weaning to 9 months and from 9 
months to 1.5 years was calculated. Live weight was mea-
sured in the morning to the nearest 0.1 kg. The exact wean-
ing age in days was reported and then converted to 90 days 
for data comparability. The information was collected from 
the farm’s pedigree book. The data were obtained through 
standard methods and instructions provided in the Instruc-
tion for control of productive traits, issued by the Associa-
tion for Breeding Fine Fleece Sheep in Bulgaria.

The influence of the factors – year of birth, type of mat-
ing, and breeding line was researched. An analysis of vari-
ance was performed based on a multivariate linear statistical 
model for each studied age, which has the following form:

Yijko = µ + Ai (1 – 8) + Bj  (1 – 2) + Сk (1 – 6) + e ijko

where:
µ – total mean
Ani (1–8)  – effect of the factor year of birth (fixed) –  levels 

(2013–2020)
Bj  (1–2) – impact of the type of mating factor (fixed) – 

2 levels (intralinear and interlinear);
Сk (1–6) – impact of the breeding line factor (fixed) – 6 lev-

els (lines);
e ijko – residual effects, ≈ N (O, δe2)
The heritability coefficients of the studied traits were 

evaluated according to Becker. The differences between the 
levels of the studied factors were established based on the 
degree of distribution measured by Student:

(yi – yj) / S √ (1/ni + 1/nj) /2

where: (yi-yj) – differences, between the average values of 
the levels of the studied factor, S – square deviation, ni, and 
nj – number of observations for the respective levels. 

Results and Discussion

The year of birth, as a complex source of specific vari-
ance (Table 1), has a significant influence on the phenotypic 
manifestation of the live weight and average daily gain traits 
at all studied ages and periods (P < 0.001). The F-test val-
ue was highest at 9 months (F ═ 47.650) (P < 0.001) and 
for the gain from 9 to 18 months (F ═ 40.394) (P < 0.001). 
Staykova & Stancheva (2009) also found a significant effect 
of this factor on live weight up to 4.5 years in the North 
East Bulgarian Fine Fleece breed (NBFF) – Shumen type. 
Slavova (2019) found that the year of birth had a signifi-
cant effect on the live weight of Thracian fine fleece sheep 
(P<0.001), which was more significant at an early age, after 
which the impact of the farm year in which the animals were 
produced dominated. Similar results to ours were obtained 
by Staykova and Iliev (2020), who found a highly significant 
effect of the year of birth on the weight development of the 
Karnobat sheep breed. Narrowed genetic diversity leads to 
the dominant influence of environmental impacts that deter-
mine animal productivity (Staykova and Iliev, 2020). Year 
of birth significantly induced variance of average daily gain 
from weaning to 9 months in Ile de France sheep reared in 
Bulgaria (Achkakanova and Staykova, 2021). The realized 
gain in the meat breed is logically twice as significant for the 
indicated period, compared to our study. The factor –type 
of mating (intraline and interline) has a significant influence 
on the live weight at weaning (F ═ 2.871) (Р < 0.05) and on 
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the average daily gain from 9 to 18 months (F ═ 2.760) (Р < 
0.05). According to the results in our study, linear affiliation, 
as a genetic factor, has a significant influence only on the av-
erage daily gain from 9 to 18 months (F ═ 3.326) (P < 0.05).  

Staykova and Stancheva (2009) found a significant influ-
ence of the breeding line factor on live weight at 9 months 
and 1.5 years for the same breed. These results indicate that, 
during the period between the two studies, the influence of 
genetic factors decreased, and the variance of the live weight 
trait was primarily due to environmental factors. The reduc-
tion of allelic diversity in the population did not imply the 
achievement of genetic progress through selection. The co-
efficients of variation of the live weight trait were relatively 
low and varied within narrow limits, ranging from 8.08% 
at weaning to 9.44%, which is characteristic of the trait and 
consistent with data published by other authors (Staykova 
and Stancheva, 2009; Iliev et al., 2023). A significant vari-
ance of 30.43% and 33.68% was observed in average daily 
gain after weaning, which increased with age and reflected 
the realization of individual gain potential in the animals af-
ter eliminating the influence of maternal effects. The analysis 
in the study shows the dominant influence of environmental 
factors on the phenotypic manifestation of the investigated 
traits, reflecting the weight development of the sheep from 
weaning to 1.5 years of age. The coefficients of determina-

tion R2 have relatively high values for the live weight trait at 
the three studied ages and for the gain from 9 to 18 months, 
from R2 = 0.522 % to R2 = 0.599 %, which shows that a large 
part of the variation of the indicators, the subject of attention 
is due to the sources of variability included in the model.

The results in Table 2 show that animals born in 2013, 
2014, and 2015 presented with significantly lower live 
weights throughout the study period. The largest and most 
significant deviations (P < 0.001) from the average of the 
three ages, in a negative direction, are shown by those born 
in 2015 (LSE = – 1.725, -3.352, -4.380). With age, sheep lag 
behind their peers on this factor level. Those born in 2014 
and 2015 confirm their negative results in terms of the real-
ized average daily gain during the two periods, with negative 
deviations from the average for the studied sample. Sheep 
born from 2017 to 2020 were distinguished by optimistic 
live weight trait estimates at all ages studied. The LS- es-
timates for gain did not show a clear tendency for superi-
ority in this trait. Estimates are divergent and close to the 
LS-mean for both study periods. Those born in 2020 (LSE = 
1.505 and 3.724) exhibit the most significant superiority in 
live weight (P < 0.001) compared to the other groups, which 
also show a positive deviation in gain up to 9 months (P < 
0.001). Animals born in 2016 showed negative LS-estimates 
for the trait live weight at weaning and at 9 months, but at 

Table 1. Analysis of variance of the live weight and average daily gain from weaning to 1.5 years in sheep from the North 
East Bulgarian Fine Fleece breed
Sources of variance df F P R2 CV%

Live weight at weaning (90 days)
Year of birth 7 39.525 ***

0.535 8.08Type of mating 1 2.871 *
Breeding line 5 1.692 n. s.
Live weight at 9 months
Year of birth 7 47.650 ***

0.599 9.44Type of mating 1 2.036 n. s.
Breeding line 5 1.727 n. s.
Live weight at 18 months
Year of birth 6 36.197 ***

0.522 9.00Type of mating 1 0.036 n. s.
Breeding line 5 0.754 n. s.

Average daily gain from weaning to 9 months
Year of birth 7 16.238 ***

0.392 30.43Type of mating 1 0.147 n. s.
Breeding line 5 1.120 n. s.

Average daily gain from 9 months to 18 months
Year of birth 6 40.394 ***

0.536 33.68Type of mating 1 2.760 *
Breeding line 5 3.326 *
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1.5 years demonstrated a significant superiority over the oth-
er groups in terms of levels. There was probably a positive 
change in feeding and rearing conditions during this period. 
Average daily gain was also lower at 9 months and increased 
above the LS-average by 1.5 years (P < 0.001). 

It was found that the average live weight of the studied 
sample at weaning was 28,751 kg, at 9 months, 42,033 kg, 
and at 18 months, it was 53,617 kg. Stancheva et al. (2020) 
showed results close to ours in a study of the same breed. 
Staykova & Stancheva (2009) reported lower average live 
weight at weaning (26.856 kg), but higher values at 9 and 18 
months (51.395 kg and 60.727 kg). The average daily gain 
in our study from weaning to 9 months was 0.074 kg and 
from 9 to 18 months was 0.045 kg. Iliev et al. (2023) found 
that ewes of the Karnobat Fine Fleece breed displayed a low-
er live weight at weaning (25,310 kg) and almost the same 
values at the following two ages. Stancheva et al. (2015) 
found the highest average weight at 1.5 years in the Thra-
cian fine fleece breed, followed by the Karnobat fine fleece 
breed, and the lowest live weight in the North East Bulgarian 
Fine Fleece breed (NBFF) before first fertilization. Slavova 
(2019) found a lower live weight at weaning (25.328 kg), 
almost the same values at 9 months, and a lower average 
weight at 18 months (50.846 kg) in sheep of the Thracian 
fine fleece breed. Caucasian Merino, according to Stayko-
va and Stancheva (2013), is characterized by a lower live 
weight in the first two ages, but at 18 months shows a higher 
average value for this trait (55.781 kg).

The obtained results for the weight development of the 
animals from the North East Bulgarian fine fleece breed of 
sheep (NBFF) – Shumen type show a good physiological 
condition, good rearing conditions, and indicators above the 
average limits according to the criteria defined in the Breed-
ing Program of the Association for Breeding Fine Fleece 
Sheep in Bulgaria for the breed.

Analysis of the results in Table 3 shows a trend for low-
er average live weight of the animals studied at the ages, a 
product of intraline selection, compared to the interline cross 
group. This is an expected effect of the narrower genetic di-
versity frames in the first group but without statistical as-
surance of differences between groups. The LS-estimates of 
average daily gain were divergent for the two periods and 
without statistical significance of the differences. 

The data in Table 4 reflect the influence of linear affilia-
tion on the weight development of fine-wool sheep. Animals 
from line no. 61, which is characterized by Booroola Merino 
genes, and those from the purebred NBFF line no. 239 line 
showed a positive deviation from the average live weight up 
to 9 months, but without statistical significance. At 1.5 years, 
the offspring of these lines lagged behind their peers (LSE = Ta
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– 0.559 for line 61) (P < 0.05). It is characteristic of line no. 
61 that after weaning and elimination of the maternal effect, 
they slow down the growth intensity, which was also con-
firmed by the negative LS-estimates for average daily gain 
by periods. We observe the opposite trend in sheep from the 
line number 777, which has Australian Merino genes. LS-es-
timates were negative up to 9 months, but at 18 months, the 
ewes showed a higher average weight than the other level 
groups. The other line number. 755, with Australian blood, 
showed lower results at all tested ages than its peers. Line 
no. 845, with Australian blood, is characterized by divergent 
estimates at different ages, with no statistically significant 
differences between the groups. Only animals from the pure-
bred NBFF, line 583 outperformed their peers at all ages 
studied (P < 0.05). The LS-estimates of average daily gain 
were divergent for the two periods, very close to the LS-
mean, and without statistical significance of the differences. 
Staykova and Iliev (2020) found no effect of linear affiliation 
on weight development of Karnobat sheep breed. Iliev et 
al. (2023) found that infusing Australian Merino blood into 
the Karnobat fine fleece sheep breed was likely to hurt live 
weight at an earlier age.

The data in Table 5 on the heritability of the studied traits 
show average heritability coefficients for live weight (h2 = 
0.694, 0.616 and 0.507). Heritability for average daily gain 
was low to medium for both periods (h2 = 0.174 and h2 = 
0.518). Staykova and Stancheva (2009) in a previous study 
of weight development found high values of heritability for 
live weight in sheep from the North East Bulgarian Fine 
Fleece Breed (NBFF) – Shumen type (h2 = 0.817 at weaning 
and 0.984 at 18 months). There is a downward trend over 
time in heritability coefficients by value. In Caucasian Me-
rino sheep, heritability for weaning weight was lower at 9 
months and higher at 18 months, compared to our results 
(Staykova and Stancheva, 2013). Staykova and Iliev (2020) 
found very low h2 values for live weight in the Karnobat 
sheep breed. These data indicate a risk to the allele pool of 
this population and a need to expand genetic diversity.

The obtained results on the influence of some factors on 
the own productivity of North-Eastern Bulgarian Fine Fleece 
breed (NBFF) – Shumen type sheep show a positive trend 
in weight development for the researched period of 8 years. 
Animals born before 2016 presented with negative LS-scores 
for the trait live weight at all ages studied. Those born after 
this year surpass their peers in terms of factor levels (P < 
0.001), and a positive trend is emerging for an increase in the 
average live weight values up to 1.5 years. At this age, the 
first fertilization of the sheep occurs, and weight is one of the 
decisive factors for achieving good reproductive results, as 
well as for overall productivity during the period of econom-

ic use. Environmental conditions are likely improving, and 
the selection for the live weight trait yields positive results 
for the study period.

Conclusions

The year of birth has a significant effect on the live 
weight and the average daily gain of all studied ages and pe-
riods up to 1.5 years in sheep from the North East Bulgarian 
fine fleece breed (NBFF) – Shumen type.

The type of mating has a significant effect on the live 
weight at weaning and on the average daily gain from 9 to 
18 months. Lineage affected the gain from 9 to 18 months. 

It was established that the average live weight of sheep 
from the North East Bulgarian fine fleece breed – Shumen 
type at weaning was 28,751 kg, at 9 months – 42,033 kg, 
and at 18 months – 53,617 kg. The average daily gain from 
weaning to 9 months was 0.074 kg and from 9 to 18 months 
was 0.045 kg.

A positive trend of increasing average live weight was 
observed up to 1.5 years during the study period. The de-
crease in heritability values compared to previous estimates 
suggests the application of selection methods to introduce 
genetic variability into the breed.
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