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Introduction

Sheep farming has deep roots in the animal husbandry 
of Bulgaria that have remained untouched for centuries. The 
sector not only provides population with sheep products, it is 
deeply connected to the way of living in some regions of the 
country, as well as to our culture, religion and traditions. Over 
the years, a number of highly productive breeds have been 
created or introduced, and another that we are used to call 
“autochthonous” have been preserved, so that both are being 
currently bred in different productive systems. 

Traditionally, the greatest interest of sheep farmers is in 
the dairy sector, as milk could be a source of substantional 
income. The most widespread is Bulgarian dairy synthetic 
population – 70% of the dairy sheep in the country (Stancheva 
et al., 2014). It is a so-called “composite breed”, a result of 
continuous internal selection after a hybridization scheme has 
been applied. Ewes from local breeds have been crossed with 
rams of East Friesian and Awassi, and at a later stage of Chios 
and Lacaune (Stancheva et al., 2014; Ivanova and Raicheva, 
2015). The main goal of the breeders was to improve milk yield 
of the animals, as it is the most important trait in dairy sheep 
farming (Carta and Ugarte, 2003). 

Nowadays, breeding programs in a number of European 
countries in dairy sheep are focused on milk production 
(Oravcova et al., 2005; Smulders et al., 2007) and litter size 
(Margetin et al., 2006). In Bulgaria about 50-60% of the 
revenues in dairy farms come from the sale of lambs (Stancheva 
et al., 2009). This is an indicator of the necessity for performing 
long-term selection aimed at improving the milk yield on one 
hand, and on the other, to include litter size in the breeding 
program due to its strong influence over the income. It is also 
recommended to pay attention to such traits as lamb survival 
and growth rate, as well as the conception rate of ewes, as 
directly related to the volume of production and farm revenues.

In Bulgaria, breeding programs are based upon milk 
production, number of lambs born per ewe and growth 
parameters (growth rate of lambs and mature weight of ewes). 
In order to determine the economic significance of each of these 
traits, their absolute and relative economic values need to be 
calculated. As a result, their relative impact on the economic 
results should be taken into account when ranking them in 
order of importance. 

Economic values for dairy sheep have been established by 
Legarra et al. (2007a,b) for Latxa and Manchega breeds, Fuerst-
Waltl and Baumung (2009) for Austrian dairy sheep, Krupova 
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et al. (2009) for Improved Valachian and Tsigai in Slovakia and 
Tolone et al. (2011) for Valle del Belice breed in Spain. Wolfova 
et al. (2009) created a flexible model and a computer program 
to estimate effects of change in production and functional traits 
on profit of dairy or dual-purpose sheep. Thereafter, Wolf et al. 
(2011) developed a software for calculating economic weights in 
livestock, partially for sheep - Programs EWSH1 and EWSH2. 

The aim of this study was to calculate the profitability and 
economic values of productive and functional traits in a flock of 
Bulgarian dairy synthetic population.

 
Material and methods

The study was carried out for the period of 7 years (2010-
2016) for a nucleus sheep flock of Bulgarian dairy synthetic 
population reared in the experimental farm of the Agricultural 
Institute in Stara Zagora. The average annual number of 
ewes in the flock was 188. The semi-intensive production 
system practised involved winter indoor lambing and summer 
grazing on pasture. Male and female lambs of own production 
were used for flock replacement. In the last years, a genetic 
component from the Lacaune breed was introduced in the flock 
in order to increase the genetic variation for milk productivity. 

Breeding season started around 30th August and lasted 
around 15th October. An artificial insemination was performed in 
accordance to individual breeding schedule. After insemination 
procedure was over (after 45 days) rams were let among ewes 
and ewe lambs, divided into groups. Both male and female 
lambs were first used for mating at the age of 18 months. 
Conception rate of ewes and ewe lambs was 83% and 80%, 
respectively. 

Lambs were usually weaned around the 60th day of birth. 
After weaning ewes were milked twice a day, as substantial 
part of them dried until the end of August, and another to the 
end of September. Rams had been used for mating for the 
period of 4-5 years. Sheep to rams ratio in the flock was about 
40:1. The average productive lifetime of ewes was 5.5 years.

Table 1 shows the averaged values of the main productive 
traits in the flock.

Table 1. Productive performance of the flock

Parameters Mean value
Milk yield in the standardized milking period of 
120 days, L per ewe 52.5

Lambs born per ewe 1.25
Mature weight of ewes, kg 60
Mature weight of rams, kg 98
Live weight of female lambs at birth, kg 3.85
Live weight of male lambs at birth, kg 4.05
Live weight of female lambs at weaning, kg 17.65
Live weight of male lambs at weaning, kg 18.33
Wool yield, kg per ewe 2.9
Wool yield, kg per ram 3.7

Growth and survival characteristics of the lambs are 
presented in Table 2. Growth rate was different for female and 

male animals, and the difference increased with age. Survival 
rates were 98% both at lambing and weaning. On average, 
20% of the female and 10% of the male lambs were reared in 
the flock for replacement and the rest were sold. 

Table 2. Growth and survival traits of lambs

Parameters Mean 
value

Growth rate of female lambs from birth to weaning, 
g/day 230

Growth rate of male lambs from birth to weaning, 
g/day 238

Growth rate of female lambs from weaning to the 
1st breeding season after weaning, g/day 150

Growth rate of male lambs from weaning to the 1st 
breeding season after weaning, g/day 180

Growth rate of female lambs from 1st to the 2nd  
breeding season, g/day 50

Growth rate of male lambs from 1st to the 2nd 
breeding season, g/day 100

Survival rate of lambs from birth to the 24th hour, % 98
Survival rate of lambs from the 24th hour after birth 
until weaning, % 98

Farm revenues came from sold milk, lambs, culled animals, 
wool and subsidies. Production prices and subsidies are specified 
in Table 3. The price of milk was calculated on a physical unit 
basis (liter), not as function of milk fat, protein content and 
somatic cells as in other European countries. The whole quantity 
of milk produced was sold to dairies. Animals were sold per kg 
live weight and wool – per kg, independently from its quality. The 
subsidy per ewe was calculated to 53.22 BGN.

   Table 3. Prices of products and subsidies, BGN

Indicator    BGN 
Price for milk, BGN/L 1.25
Price for slaughter lambs, BGN/kg 5.00
Price for breeding lambs, BGN/kg 6.70
Price for ewe and ram lambs, BGN/kg 6.70
Price for culled ewes and rams, BGN/kg 1.70
Price for breeding rams, BGN/ram 500.00
Subsidy, BGN/ewe 53.22

*EUR 1 = BGN 1.95 

Costs in the farm were made for feeding, labour, 
milking, veterinary services, breeding rams, shearing and 
fixed costs. Animals’ nutrition was balanced according to 
their age, category and physiological state. There were 
two feeding seasons in the farm – winter and summer. 
During the winter season sheep were kept indoors and 
fed concentrates, silage, hay and straw and in the summer 
were mainly grazing. Lactating ewes were provided different 
quantities of concentrates according to the feeding season. 
Ewes were also fed concentrates during the advance 
pregnancy and the flushing period before mating. Feed 
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costs were calculated on the basis of the energy and protein 
requirements, and the amount of dry matter in the rations 
for the relevant category. On Table 4 the prices per kg ration 
are summarized.

 
Table 4. Price per kg ration according to animals’ category, 
BGN

Category
BGN per kg ration
Winter   
season

Summer 
season

Ewes
    lactating with 1 lamb 0.12 0.07
    lactating with 2 and more lambs 0.13 0.08
    during flushing period - 0.11
    in low pregnancy and barren ewes 0.10 0.05
    in high pregnancy 0.12 -
Rams
    out of breeding season 0.12 0.07
    in breeding season - 0.14
Lambs
    till weaning 0.45 -
    breeding lambs in rearing 0.09 0.05

*EUR 1 = BGN 1.95

Costs, except those for feeding, are presented in Table 5. 
Labour costs were calculated on the basis of the number of 
man-hours per ewe, ram and breeding lamb per year and the 
price per man-hour. Milking costs included labour, depreciation, 
electricity, cooling and consumables per liter of milk produced. 
Shearing and veterinary costs were calculated per animal. 
The farm has its own water source so that water costs for 
the animals were not included in the calculations. Fixed costs 
(not related to sheep productivity) included such as electricity, 
transport, services, mechanization, materials, etc.

Table 5. Costs, except for feeding, BGN

Cost BGN
Number of manhours per ewe and year 13.50
Number of manhours per ram and year 12.30
Number of manhours per breeding lamb in rearing 
and year 11.50

Cost per manhour (incl. insurance) 4.20
Costs for milking (incl. labour, energy, consumables), 
BGN/L 0.25

Veterinary costs, BGN per ewe and year 9.00
Costs for purchasing rams, BGN per ram 600.00
Fixed costs, BGN per ewe, ram, breeding lamb in 
rearing per day 0.05

*EUR 1 = BGN 1.95

Profitability and economic values of the main traits in the 
flock of Bulgarian dairy synthetic population were calculated 
using Program EWSH2, version 1.0.2., as a part of Package 

ECOWEIGHT (Programs for Calculating Economic Weights in 
Livestock), Version 5.1.1. (Wolf et al., 2011). The net present 
value of profit was estimated as a difference between total 
revenues and total costs discounted to the birth date of the 
animals and expressed per ewe and year, and increased by 
the total subsidies per ewe and year (Wolfova et al., 2009). The 
discount rate used for the input calculations was 8%. The rate 
of profitability was calculated as a ratio of profit to production 
costs, averaged for the study period. 

The traits of economic importance, that the program EWSH2 
provided marginal and relative values for were the following: 
milk yield for a standardized milking period, live weight of lambs 
at birth and weaning, average daily gain of lambs from birth 
to weaning, average daily gain of breeding lambs in rearing, 
conception rate of ewes and ewe lambs, litter size, survival of 
lambs at birth and weaning, wool production and productive life 
of ewes.

The marginal economic value - evi of a trait was defined as 
the partial derivative of the profit function with respect to that 
trait (Wolfová et al., 2005) and approximated by the difference 
quotient because of the complexity of the profit function (Krupova 
et al., 2009). MEV is an absolute monetary value indicating the 
change in profit when increasing the trait by one unit. 

To have comparability between the individual traits and their 
economic significance, their marginal values were standardized 
by multiplying them by the genetic standard deviation - σgi of 
the respective trait: 

evsi = evi . σgi, 
Where: evsi is the standardized economic value of the trait 

‘i’, and 
σgi - the genetic standard deviation for the trait ‘i’. 
The standardized economic values of the traits were 

presented as percentages (weights) of the sum of their absolute 
values and are called relative economic values: 

evri =100% . |evi . σgi| / Ʃi . |evi . σgi| or 
Evri = 100% . |evsi| / Ʃi  . |evsi|.
The relative economic value of a trait (its weight) is an 

expression of the percentage of the absolute value of the trait 
in the sum of standardized economic values of all productive 
and functional traits for which the program calculates (Krupová 
et al., 2013).

The values of the genetic standard deviation (σgi) for the 
particular traits used for estimation were from the records of 
the studied flock.

Results and discussion
 
The total production in the flock amounted to 167.22 BGN 

per ewe, and that of milk sold to 62.45 BGN,  i.e. 37.34% 
(Table 6). Production costs were calculated 273.15 BGN 
per ewe, so profit before subsidies and profitability rate had 
negative values – (-105.93 BGN) and -38.78. The addition 
of subsidies did not contribute to turn the result to positive 
and profit with subsidies was estimated -52.70 BGN and 
profitability – (-19.30%).
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Table 6. Economic results, BGN/% per ewe

Indicator  Value
Total production, BGN
- from sold milk, BGN

167.22 
62.45

Costs, BGN 273.15
Profit before subsidies, BGN -105.93
Profitability rate before subsidies, % -38.78
Subsidies, BGN 53.22
Profit after subsidies, BGN -52.70
Profitability rate after subsidies, % -19.30

*EUR 1 = BGN 1.95

Production of sheep products is in many cases unprofitable 
due to the low or insufficiently high productivity of the animals, 
the breeding system, the high costs for feed, labour, materials, 
fuels and consumables, as well as due to the human factor. This 
trend in dairy sheep farming is reported not only in Bulgaria but 
also in other European countries. 

In Slovakia, Michalickova et al. (2014) studied the 
economic efficiency of 51 dairy sheep farms for the period 

2006-2012. With an average annual milk yield of 63 kg per 
ewe and subsidies amounting to EUR 15.39 per ewe, the 
loss was EUR 63.32 and the cost-effectiveness – (-42.78%). 
Milan et al. (2014) conducted a study in 20 Assaf sheep 
farms in Spain. The average yield of milk was 316±15 
liters, and the subsidy was 22.74±1.02 EUR per ewe. The 
average value of the profit in the analyzed farms varied 
from EUR -40.6 to 81.1 per ewe. As a result, only 60% of 
farms had a positive balance of revenues and costs. Pulina 
et al. (2018) compared and assessed economic efficiency 
in the Mediterranean countries - France, Greece, Italy and 
Spain. The authors observed the following trends: (1) most 
Greek and French dairy sheep farms were unprofitable, 
except for the intensive ones, in which the Chios breed is 
bred in Greece; (2) in Italy, the price of milk was equal to its 
production costs; (3) in Spain, profitable farms coexist with 
unprofitable ones.

The genetic standard deviation, marginal, standardized and 
relative values of the main productive and functional traits in 
the flock are summarized in Table 7.

Table 7. Genetic standard deviation, marginal, standardized and relative values of traits

Traits σ
g

EV, BGN SEV, BGN REV, %

Milk yield in standardized milking period, L/ewe 12.55 0.707 8.873 16.79
Live weight at birth, kg 0.25 3.442 0.870 1.65
Growth rate from birth to weaning, g/day 20.27 0.181 3.669 6.94
Growth rate of breeding lambs in rearing, g/day 9.14 -0.037 -0.338 0.64
Mature weight of ewes, kg 5.52 -0.834 -4.601 8.71
Wool yield, kg 0.57 -3.142 -1.791 3.39
Conception rate of ewe lambs, % 5.18  0.586 3.037 5.75
Conception rate of ewes, % 4.39 1.327 5,825 11.02
Number of lambs born per ewe, for 1 lamb/ewe 0.18 65.40 11.772 22.27
Survival rate of lambs from birth to 24th hour, % 4.54 0.824 3.738 7.07
Survival rate of lambs from 24th hour of birth till weaning, % 3.23 0.927 2.994 5.67
Productive lifetime of ewes 0.67 7.925 5.338 10.10
Sum of the absolute values - - 52.846 100.0

*EUR 1 = BGN 1.95

Milk production and fecundity are the traits of the highest 
economic importance in dairy sheep (Slavova et al., 2015). In 
BDSP flock, subject of the current research, marginal value 
of milk yield was estimated to BGN 0.707/L (EUR 0.36/L) for 
a 120-day milking period and average price 1.25 per liter of 
milk. Krupová et al. (2009) reported value of the trait 0.898 
EUR/kg and 0.862 EUR/kg at an average milk yield of 68.6 kg 
and 75.5 kg per ewe for a 150-day milking period and price of 
0.77 EUR/kg for the breeds Valashka and Tsigai in Slovakia. 
MEV established in our study is lower, in terms of lower yield 
and price per liter. Furthermore, 40% of the milk produced in 
the surveyed sheep farms in Slovakia was used for cheese 
production sold at a price of 6.57 EUR/kg, while in the studied 
farm the whole amount is sold to dairies.

Legarra et al. (2007a) calculated a marginal value of milk 
yield in the range of 0.69-1.44 EUR/L in 41 flocks of Latxa 
breed and 12 flocks of Manchega breed in Spain. The range 

was wide, as milk yield varied from 80 to 107 liters and 116 
to 173 liters per ewe for both breeds, respectively. Prices 
also ranged from 1 to 1.74 and from 1.01 to 1.13 EUR/L. The 
value of the trait found by Fuerst-Waltl and Baumung (2009) 
was significantly lower – 0.33 EUR/kg in dairy sheep farms in 
Austria. Milk yield was significantly higher than in Slovakia and 
Spain - 390 liters per ewe (on the first lactation), but the whole 
amount of milk was sold to dairies at a price of 0.37 EUR/kg. 
With larger quantity of milk and higher price, MEV of the trait 
increases, and respectively decreases if the price is lower.

The relative share of milk processed into cheese also has 
a significant effect on the economic values   of the milk yield 
and productive life of ewes. The sale of the entire quantity to 
enterprises, with constant other indicators in the calculations, 
would lead to a decrease in the marginal value of these two 
traits and an increase in those characterizing its components 
(Krupová et al., 2009). In addition, Legarra et al. (2007a) 
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reported that the economic values   of fertility, fecundity and milk 
yield traits are higher for those farms that sell cheese rather 
than milk as a raw material for processing.

Another productive trait of great importance in dairy sheep 
was the number of lambs born per ewe. Fuerst-Waltl and 
Baumung (2009) and Legarra et al. (2007a) found a variation in 
its marginal value in the range of 30 to 50 EUR/lamb. The value 
of the trait calculated in our study was 65.40 EUR/lamb (EUR 
33.53 EUR). The obtained results were a consequence of a 
number of factors - reproductive indicators in the flock, prices 
of the lambs for slaughter and breeding, age they are sold at, 
costs for feeding and rearing, etc.

The economic values of traits related to the growth abilities 
of animals - growth rate, live weight of lambs at weaning and 
mature weight of ewes, were analyzed in meat sheep (Kosgey 
et al., 2003; Conington et al., 2004) and in dairy sheep (Fuerst-
Waltl and Baumung, 2009; Krupova et al., 2013; Legarra 
et al., 2007a,b). Weaning weight and growth rate were of 
greater economic importance in meat sheep than in dairy, as 
the revenues from lambs sold had a higher relative share. 
Conington et al. (2004) indicated that the share of revenues 
from lambs sold were in the range of 32% to 45% of the total 
revenues of meat sheep, depending on the production system 
- intensive, semi-intensive or extensive. Krupová et al. (2009) 
reported 22-23% in the Valashka and Tsigai breeds, and Fuerst-
Waltl and Baumung (2009) about 11% in dairy sheep, due to 
the significantly higher milk yield and revenues. A number of 
factors, including fertility, the possibility of selling lambs for 
breeding at higher prices, milk yield on the farm, the price per 
kg according to the pricing system etc. are influencing the MEV 
of litter size.

Most studies in this field have found that the economic 
impact of mature weight of ewes is predominantly negative 
(Conington et al., 2004; Morais and Madalena, 2006). The 
authors pointed out that the higher feed costs associated with 
the growth and maintenance of “heavier” animals cannot be 
balanced by the higher revenues from the animals for slaughter. 
The calculated economic value of the trait was -0,834 BGN/kg. 
For comparison, Lobo et al. (2011) found a trait value of −0.268 
USD, at an average live weight of 35 kg of Morada Nova sheep 
in Brazil.

Productive life of ewes was also specified as a trait of 
economic importance. MEV established in our calculations is 
7.925 BGN/year (4.06 EUR/year) and mean value of the trait 
5.5 years. Krupová et al. (2009) received significantly higher 
values for the Valashka and Tsigai breeds – 16.49 and 16.28 
EUR per year for 3.10 years of productive lifetime and a “closed” 
selection system. Fürst-Waltl and Baumung (2009) provided 
for the possibility of selling breeding animals and even report 
a negative marginal value for the trait in an “open” selection 
system. The relatively low value reported by Legarra et al. 
(2007a) - 1.9 EUR/year, due to the fact that in order to save 
part of the costs of rearing or purchasing animals for repair of 
the flock, the productive life of ewes was increased. This, in 
turn, affected milk yield and fertility.

The number of lambs born per ewe (22.27%) and milk yield 
(16.79%) stood out with the greatest economic importance in 
the flock. The obtained results corresponded to the structure 
of revenues - 45% of sold lambs and 37% of milk. The fertility 
rate of ewes and ewe lambs the sum of which is 16.77%, and 
the productive lifetime (10.1%) are of significant economic 
importance as well. Fleece weight showed a very low economic 
importance – 3.39%, considering the low market prices of wool 
in recent years. Some authors (Amer et al., 1999; Fuerst-
Waltl and Baumung, 2009) reported low relative values   for the 
traits of survival of lambs up to 24th hour and from 24th hour to 
weaning, each of which did not exceed 3%. Their low weights 
were explained by the high average mean value of the trait and 
the lower revenues from lambs in dairy sheep. In our study, their 
sum was estimated 12.74%, due to the fact that the revenues 
from lambs sold are higher than those from milk, despite the 
high average value of the traits.

Conclusion

Within the study profit and profitability in the flock had 
negative values – (-52.70 BGN) and -19.3%. Marginal 
economic values of the most important traits in dairy sheep 
– milk production and number of lambs born per ewe were 
estimated to 0.707 BGN per liter and 65.40 BGN per lamb, 
respectively. Litter size, milk yield, conception rate of ewes 
and ewe lambs and productive lifetime of ewes showed the 
highest economic importance. A very low economic weight was 
calculated for the wool production due to the market prices of 
wool. Conception rate of female animals and productive lifetime 
of ewes need to be more thoroughly investigated, as they are 
not currently an object of selection in dairy sheep breeding. 
Achieving competitive and economically sustainable productive 
systems in sheep farming is associated with a constant desire 
to increase the economic value of animals.
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