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Abstract
To estimate economic values (EVs) of

seven important traits including pregnancy
rate (PR), litter size (LS), lamb weight at
birth (BW0), three (weaning; BW3), six
(BW6) and nine (BW9) months weight and
survival rate until the age of 6 months (SR)
in Zel sheep under an intensive production
system in Mazandaran province of Iran,
data from two farms were analysed using a
bio-economic model. Variable costs
accounted for about 99% of the total costs
and the feed costs had the highest propor-
tion with 72.54%. Among the income
sources, the sale of surplus animals formed
81.4% of the total revenues. The EVs were
estimated as the amount of change in the
profit of the system after each trait mean
increased by both 1% and one unit, while all
other traits were constant at their mean val-
ues. The most important trait in this system
was LS, followed by SR, PR, BW9, BW3,
BW6 and BW0 respectively. The sensitivity
of EVs was investigated by changing prices
of feed and live weight of 9-month-old
lambs by ±20%. Results showed that the
EV of BW9 was the most constant and EV
of BW0 was the most variable. As the prices
of feed and live weight of 9-month-old
lambs were simultaneously changed by
±20%, the variation in the EVs decreased
and they showed more consistency. This
study showed that the profitability in an
intensive production system of Zel sheep
could be increased by improving LS, SR,
PR and BW9.

Introduction
According to the Food & Agricultural

Organization of the United Nations, Iran
has 53,800,000 sheep that are reared under
two major production systems: rural and
migratory (nomadic) systems.1 Income
from different forms of animal production is
about 41% of all agricultural income in Iran
and therefore, has a special place in the

national economy.2
Nowadays, various methods and sys-

tems of sheep production are applied based
on economic factors, natural resources and
even religious and racial factors.3
Therefore, there is no one general model for
all different cases in the world.4 In modern
sheep production, the desire of every farmer
is to increase the income, and this is possi-
ble only if the improvement of sheep breed-
ing could be a continuous process and a
main component of the production technol-
ogy, and organizational forms of selection
must be investigated.5-9 Diversity of breed-
ing goals, different rearing systems, level of
farm organization, level of inclusion of gov-
ernment institutions in the development,
implementation and maintenance of selec-
tion process are some of the factors which
influence the development and progress of
sheep breeding in a country.10

Animal selection is an important part of
animal breeding and is usually performed
on the basis of a complex of traits. Each of
these traits is characterized by its BV
(breeding value) and EV (economic value).
The EV of a trait describes the change in the
outcome of a defined production system
caused by a change in the genetic value of
the trait.11 Economic values of many impor-
tant traits for sheep production systems
were calculated in the past years.12-19 In
Iran, EVs of traits have been calculated for
various breeds of sheep kept in rural and
migratory systems.17,20 but there is no study
that calculated EVs of traits for intensive
sheep production system. The objective of
this study was to estimate EVs for impor-
tant traits of Zel sheep breed under inten-
sive production system using a bio-econom-
ic approach.

Materials and Methods
Collection of information and defini-
tions

In order to estimate productive, repro-
ductive, management and economical
parameters for use in bio-economical equa-
tions and to calculate the EVs of traits, two
farms with the flock sizes of 3400 and 900
head of Zel sheep in Mazandaran province
of Iran, were studied from the beginning of
September 2015 to September 2017. The
production system of the farms was com-
pletely intensive and in all over the year,
animals have been kept and fed inside pens.
The system of “three lambing in two years”
was performed by a pharmacological
method of estrus synchronization
(CIDR+eCG) at both farms [CIDR = con-
trolled internal drug release device; eCG =

equine chorionic gonadotropin]. Animals
are fed to meet National Research Council
recommendations (2007)21 and feeding
costs were calculated. Biological informa-
tion such as live weights of animal groups,
reproduction performance, survival rate and
economical information including revenue
and cost resources were used in calculation
of EVs. The performance data and the man-
agement parameters used in the model are
summarized in Table 1.

Animal flows and events
Figure 1 shows a diagram of animal

events and flows of an intensive production
system for Zel sheep breed. Five animal cat-
egories were distinguished according to
age: (1) 0 to 3-month-old lambs; (2) 3 to 6-
month-old lambs; (3) 6 to 12-month-old
lambs; (4) breeding rams (>12 months old)
and (5) breeding ewes (>12 months old).
Age of replacement for females and males
was 12 months old and age of selling sur-
plus lambs was 9 months old. The fattening
period commenced three months before and
continued to sale time of surplus male
lambs.

Expenses and revenues resources
In this study, inputs and outputs of the

intensive production system of Zel sheep
are:

a) Feeding costs including the concen-
trate and forages. All five animal categories
were fed with a same concentrate, but in
different amounts. The rations of animal
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Table 1. Average values of productive, reproductive, management and economic parameters used in the bio-economic model in an inten-
sive production system of Zel sheep.

Parameters                                                                                               Average (±SD)                           Min.                           Max.
Productive and reproductive variables

Birth weight (kg)                                                                                                                                                   3.5±0.19                                                     2.93                                            4.07
Weaning weight (kg)                                                                                                                                             20±2.01                                                       14                                               26
Female lamb weight at 6 months old (kg)                                                                                                       30±3.52                                                     28.2                                            40.5
Male lambs weight at 6 months old (kg)                                                                                                         35±1.50                                                     30.5                                            39.5
Female lamb weight at 9 months old (kg)                                                                                                       33±1.43                                                     28.7                                            37.3
Male lambs weight at 9 months old (kg)                                                                                                         40±1.69                                                     35.2                                            45.1
Female lamb weight at 12 months old (kg)                                                                                                     35±1.31                                                     31.1                                            38.9
Male lamb weight at 12 months old (kg)                                                                                                         45±2.20                                                     38.5                                            51.6
Weight of ewe (kg)                                                                                                                                               45±1.21                                                     41.3                                            48.6
Weight of ram (kg)                                                                                                                                               55±3.32                                                     45.4                                            64.9
Average daily gain from birth to weaning (gr)                                                                                                180±22                                                      147                                             223
Average daily gain from 3 to 6 months old of male lamb (gr)                                                                     170±13                                                      141                                             214
Average daily gain from 3 to 6 months old of female lamb (gr)                                                                 110±11                                                       98                                              137
Average daily gain from 6 to 9 months old of male lamb (gr)                                                                       55±4 4                                                        8                                                66
Average daily gain from 6 to 9 months old of female lamb (gr)                                                                    33±3 2                                                        7                                                42
Annual wool production of ewe (kg)                                                                                                                1.6±0.43                                                     0.95                                            2.89
Annual wool production of ram (kg)                                                                                                                2.5±0.60                                                     1.2                                              3.8
Annual wool production of lamb (kg)                                                                                                              0.9±0.10                                                      0.6                                              1.2
Average age of lambs at the time of weaning (day)                                                                                           90                                                             -                                                 -
Pregnancy rate (%)                                                                                                                                                    85                                                             -                                                 -
Parturition rate (%)                                                                                                                                                   90                                                             -                                                 -
Number of lambing per year per ewe                                                                                                                  1.50                                                            -                                                 -
Litter size                                                                                                                                                                    1.23                                                            -                                                 -
Ratio of rams to ewes                                                                                                                                            1 to 40-                                                        -
Ewe replacement rate (%)                                                                                                                                       20                                                             -                                                 -
Ram replacement rate (%)                                                                                                                                      21                                                             -                                                 -
Duration of ewe stayed in flock (year)                                                                                                                   6                                                              -                                                 -
Duration of ram stayed in flock (year)                                                                                                                   5                                                              -                                                 -
Ewe culling rate due to disease (%)                                                                                                                      4                                                              -                                                 -
Mortality rate of replacements (%)                                                                                                                        1                                                              -                                                 -
Mortality rate of ewes (%)                                                                                                                                        2                                                              -                                                 -
Mortality rate of rams (%)                                                                                                                                        2                                                              -                                                 -
Mortality rate of lambs from birth to weaning (%)                                                                                             4                                                              -                                                 -
Mortality rate of lambs from 3 to 6 months old (%)                                                                                           4                                                              -                                                 -

Feed intake variables and costs

Days using manual feeding                                                                                                                                      365                                                            -                                                 -
Alfalfa metabolic energy (Mcal/kg of DM)                                                                                                           2.0                                                              
wheat straw metabolic energy (Mcal/kg of DM)                                                                                                1.5                                                              
Corn silage metabolic energy (Mcal/kg of DM)                                                                                                  2.3                                                              
Concentrate metabolic energy (Mcal/kg of DM)                                                                                                2.7                                                             -                                                 -
Concentrate price (US$/kg of DM)                                                                                                                       0.31                                                             
Alfalfa price (US$/kg of DM)                                                                                                                                  0.27                                                            -                                                 -
Wheat straw (US$/kg of DM)                                                                                                                                 0.13                                                             
Corn silage (US$/kg of DM)                                                                                                                                    0.13                                                             
Cost of ME of ewe ration (US$/Mcal)                                                                                                                 0.090                                                           -                                                 -
Cost of ME of ram ration (US$/ Mcal)                                                                                                                0.093                                                           -                                                 -
Cost of ME of lamb ration till 3 months old (US$/Mcal)                                                                                0.123                                                           -                                                 -
Cost of ME of lamb ration of 3-6 months old (US$/Mcal)                                                                              0.123                                                           -                                                 -
Cost of ME of yearling ration (US$/Mcal)                                                                                                          0.103                                                           -                                                 -

Management costs

Drug, veterinary service, parasite control and vaccination (US$/head/year)                                             10.9                                                            -                                                 -
Labor (US$/100 head/month)                                                                                                                                 196                                                            -                                                 -
Shearing (US$/head/year)                                                                                                                                        4.5                                                             -                                                 -
Fuel , water and electricity (US$/head/year)                                                                                                      19.2                                                            -                                                 -
Prices of products

Live lamb (US$/kg)                                                                                                                                                   3.37  -                                                        -
Live culled ewe and ram (US$/kg)                                                                                                                        2.51                                                            -                                                 -
Wool (US$/kg)                                                                                                                                                            1.22                                                            -                                                 -
Manure (US$/kg)                                                                                                                                      0.11                                                     -                                            -
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categories included:
(1) 45 to 3-month-old lambs (weaning

lambs): 0.15 kg of concentrate + 0.15 kg of
alfalfa soft hay in addition to mother milk.

There were slight amounts of concen-
trate and soft alfalfa hay to stimulate rumen
development, but not considered as expens-
es in calculations.

(2) 3 to 6-month-old lambs: 0.5 kg of
concentrate + 0.5 kg of alfalfa hay.

(3) 6 to 12-month-old lambs: 0.7 kg of
concentrate + 0.5 kg of alfalfa hay + 0.5 kg
of wheat straw + 1.2 kg of corn silage for
the finishing lambs and 0.5 kg of concen-
trate + 0.5 kg of alfalfa hay + 0.5 kg of
wheat straw + 1 kg of corn silage for the
replacing lambs.

(4) Breeding rams (>2 months old): 0.7
kg of concentrate + 0.5 kg of wheat straw +
1.5 kg of corn silage.

(5) Breeding ewes (>12 months old): ):
0.5 kg of concentrate + 0.3 kg of wheat
straw + 1.3 kg of corn silage.

The price of each ration (per kg) calcu-
lated based on amount and price of feed-
stuffs included in that ration.

Because of different composition of
rations in five animal categories and to ease
importing the feeding expense to the model,
metabolisable energy value of each ration
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Figure 1. Animal flow in the intensive production system of Zel sheep.
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and its price per Mcal was calculated and
used in the model as the feeding expense.

b) Non-feeding costs including labour
costs (payments for shepherd, shearing and
veterinary services), costs of disease and
reproduction control (expenses of hormone
therapy for estrus synchronization, drugs,
hygiene, vaccinations and other treatments)
and other costs (electricity, water, fuel, stall
repairs and vehicles).

c) Building costs were considered as a
fixed cost.

d) In Zel sheep flocks, income is
obtained from the sales of surplus lambs,
culled ewes and rams, wool, and manure.

Profit equations
In the present study, modified Kosgey

(2004) equations have been used by follow-
ing equations:

a) Calculation of the income of differ-
ent animal groups was described by equa-
tion 1:

                                                         
(1)

where Re is revenue (US $) per breeding
ewe per year, i is one of the five animal
groups that described above, Ni refers to the
number of animals in group i divided to the
number of breeding ewes, fi is the fraction
of sold animals in the group i, MRi is the
mortality rate in the group i, Lwi is the live
weight (kg) of an animal at the sale time in
the group i, Plwi is the price (US$) of live
weight per kilogram at the sale time in the
group i, Wi is wool production of each ani-
mal (kg per year) in the group i, Pwi is the
price (US$) of wool per kilogram in the
group i, Mi is manure production of each
animal (kg per year) in the group i, Pm is
the price (US$) of manure per kilogram (the
same price for all groups).

b) The annual feeding costs (Cf) were
calculated by equation 2:

       

(2)

where Rfi is the sum of the energy (Mcal)
needed for each animal per year in group i,
Pri is the price of each energy unit (US$ per
Mcal) for the ration of the group i.

c) The annual non-feeding costs (Cnf)
were calculated by equation 3:

 

(3)

where Li is the costs of labour per animal
per year in group i, DRCi is costs of disease
and reproduction control per animal per
year in group i, Oi is other costs per animal
per year in group i.

d) The annual fixed costs (CFCF) were
estimated by equation 4:

       

(4)

where n is the number of fixed cost items, i
is one of the fixed cost items, Pi is the total
payment (US$) for fixed cost i, Di is dura-
bility (years) of fixed cost i.

e) Total annual profit (US$) of the flock
(Pflock) was described by equation 5:

Pflock = [Nbe (Re – Cf – Cnf) - CFCF]       (5)

where Nbe is the number of breeding ewes,
Re, Cf, Cnf and CFCF are variable as
described above.

Derivation of economic value
In order to calculate the EV of each

trait, the level of the trait was increased by
both 1% of its mean value and 1 unit while
all other traits were constant in their mean
values and the amount of change in the
profit of system was considered as the EV
of the trait, as equation 6:

VI= P’ - P (6)

where VI is the economic value of trait I, P
and P’ are the profits of system before and
after increase of the trait by 1% of its mean
value or one unit (=1 kg for traits measured
in kg, =1% for traits measured in percent-
age, etc).

Sensitivity analysis
An analysis was performed to investi-

gate the sensitivity of the EVs to changes in
levels of cost and revenue factors. The cost
and revenue factors used in the sensitivity
analysis were feeding cost, price of live
weight of 9-month-old lamb and the coinci-
dent feeding cost and price of live weight of
9-month-old lamb that were changed by
±20% of their market values (US$).

Results

Revenues and costs
Table 2 presents the expenses, incomes

and profit of the intensive production sys-
tem for Zel sheep. The values are weighted
by the proportion of the animal number in
each animal category to total number of
breeding ewes, and the totals are expressed
per ewe per year. For example, feeding
expenses for 0.025 breeding rams was 2.06
US$ and management costs for 1.62 lambs
of 6-12-month-old were 16.31 US$. Total
feeding and management costs per ewe per
year were 174.18 and 64.11 US$, respec-
tively. Feeding and management costs rep-
resented 72.54% and 26.7% of the total
costs, respectively. Annual fixed cost per
ewe in this intensive system was 1.8 US$,
about 0.75% of total costs. Revenue sources
were sold live animals (surplus lambs,
culled ewes and rams), wool and manure.
Selling live animals, manure and wool
accounted for about 81.4%, 17.5% and
1.1% of the total revenues. The total annual
profit per breeding ewe was 20.65 US$.

All the animal categories had negative
profits except 6-12-month-old lambs. 0-3
and 3-6-month-old lambs had only manure
as a source of revenue and breeding rams
and ewes had sale of only culled animals,
manure and wool as sources of revenue but
the sum of revenues in these two categories
was lower than the costs of inputs.
Furthermore, the 0-3 and 3-6-month groups
had no shares in the income resulted from
live sheep and wool. In fact, in this produc-
tion system, lambs were not sold after milk-
ing and were reared for replacement or fat-
tening. For this reason, feeding and man-
agement costs of these groups were higher
than their income and two groups benefit
was negative. The two groups of breeding
ewes and breeding rams also had more
feeding and management cost than income
resulted from selling a part of culled ewes
and rams and thereby benefit of this catego-
ry was also negative. In general, the group
of breeding ewes represented the most neg-
ative benefit because of large number of
animals and higher feeding and managerial
costs due to oestrus synchronization and
low share in selling culled animals. The
group of 6-12-month had positive benefit
among all groups due to dominant contribu-
tion in selling live animals. 

Economic values
The profit function is generally used to

estimate economic value. The profit func-
tion is an equation that states net economic
income as a function of a series of physical,
biological and economical parameters.
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Accordingly, economic value of trait ‘i’ is
the first derivative of the evaluated profit
function in ordinary mean for all traits. A
profit equation, which, in general, is linear,
is stated as a function of performance a
number of traits. But, it should be noted that
production systems are complex and often
cannot be described by a single benefit
function. In bio-economic models, the bio-
logical and economical aspects of a given
production system are described as a chain
of equations.

Table 3 shows the EVs for the consid-
ered traits and their sensitivity to changes in
cost and revenue factors by ±20%.
Economic values for all traits were positive.
Economic values for LS, BW3 and SR rela-
tively higher than BW6, BW9, PR and
BW0 when the trait value was increased by
one unit.

Sensitivity of EVs
The sensitivity of the trait EVs was

investigated by changing feed costs (as the
main system input) and price of live weight
of 9-month-old lamb (as the main system
revenue) and the coincident both of them by
±20% of their mean market values. With
increasing or decreasing feed cost by ±20%,
the lowest variations (means the highest sta-
bilities) of EVs were for BW9, SR, LS and
PR (EV variation of ±0.06, ±0.08, ±0.11
and ±0.11, means EV stability of 94%,
92%, 89% and 89%, respectively). 

Discussion
In this intensive production system, the

total costs for feeding was 72.54% of the
total expenses. The breeding ewe category
had the greatest amount of feeding costs
with the average of 46.4% and the breeding
ram category had the minimum amount of
feeding costs with the average of 1.2%.
Ponzoni (1986)22 pointed out that the cost
of feed, although the major cost component
for sheep and goat farms is difficult to mea-
sure and so is sometimes incorrectly
excluded from the definition of selection
goals. The difficulty in calculating feed
costs occurs mainly with animals reared on
pasture. In the present study, all animal cat-
egories were fed manually throughout the
year; therefore, feeding costs were calculat-
ed correctly. The highest amounts of man-
agement expenses were for the breeding
ewes and 6-12-month-old lambs categories
with the average of 52.5% and 25.4%,
respectively, and the lowest was for breed-
ing rams with 1.0% of the total management
costs. The fixed costs in this system were
0.75% of total expenses and this is due to
the high number of animals kept in this
intensive production system in comparison
to the rural system. Vatankhah (2005)17

reported that in the rural production system
of Lori Bakhtiari sheep, 2.4% and 98% of
the total of expenses is dedicated to fix and
variable costs, respectively. Haghdoost
(2008)20 reported variable costs in the rural
sheep production system for Arab breed to

be 98.5% while Kosgey (2003)13 reported
this rate for the tropical regions sheep to be
95%. Tolone (2011)16 reported variable
costs in the pasture-based system of Valle
del Belice breed to be 99%. The observed
marginal differences in different investiga-
tions can be attributed to the way of enter-
ing different assumptions in the model. As
an example, in our calculations, transporta-
tion cost was not entered into the model as
a part of variable costs. 

Erkan et al.23 showed that the major
part of variable expenses was due to the
feed expenses (62%) in Toros mountainous
villages’ sheep farms and Yıldırım (1993)24

reported that feed costs were 47% for sheep
farms in Çatak Town of Van Province of
Turkey. Higher feeding costs in intensive
sheep production system in comparison to
other systems is due to manual feeding
throughout the year. In this study, the rev-
enue resources included sale of live ani-
mals, manure and wool. The income from
sold live animals was 212.2 US$ which is
81.4% of the total income. This finding is
different from that reported by Vatankhah
(2005)17 reporting income from selling sur-
plus animals made up 95% of total income.
This difference is may be due to the higher
production of manure in intensive sheep
production in comparison to rural sheep
production system. Şahin and Yildirim
(2002)25 found that the lamb value amount-
ed to 68% of the gross production value in
sheep farms of Van Province of Turkey.
Kosgey et al.13 indicated that the total
amount of meat sold was 89% of income in
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Table 2. Costs, revenues, and profit (US$) of each animal category per year per breeding ewe for the intensive sheep production system
of Zel sheep.

                                               0-3 m.o. lambs        3-6 m.o. lambs    6-12 m.o.  lambs    Breeding ramsBreeding ewes    Total*    % total

Proportion of animal category                    1.65                                    1.64                                1.62                               0.025                            1                           -                  -
per breeding ewe                                              

Inputs 

Feed                                                                 15.2                                   42.76                              33.28                               2.06                         80.86                  174.18         72.54
Feed costs of each category                       8.7                                     24.5                                19.1                                 1.2                           46.4                      100               -
to total feed costs (%)                                    
Management                                                  7.88                                    5.64                               16.31                               0.65                         33.63                   64.11           26.7
Management costs of each category        12.3                                     8.8                                 25.4                                   1                             52.5                      100               -
to total management costs (%)                     
Fixed costs                                                                                                                                                                                                                                              1.8             0.75
Total                                                                23.08                                   48.4                               49.59                               2.71                         114.5                   240.1            100

Outputs

Sold live animals                                              0                                         0                                  185.5                               0.72                            26                      212.2           81.4
Manure                                                             6.7                                       11                                12.25                                0.4                           15.5                    45.85           17.5
Wool                                                                    0                                         0                                   1.16                                0.03                           1.5                        2.7              1.1
Total                                                                  6.7                                       11                                198.9                               1.15                            43                     260.75           100
Profit                                                              -16.38                                  -37.4                             149.31                             -1.56                         -71.5                 20.65**            -
*Weighted by animal proportions; **Total profit per breeding ewe (1 US$= 37000 Rials).
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tropical sheep breeds. The difference
between these studies and ours may be due
to milk production as an extra source of rev-
enue in rural system. In current study, sell-
ing wool has dedicated 1.1% of the total
income. Khodaei (2004)26 reported that the
sale of wool in Gilani sheep in rural sheep
production system was 5% of the total
income, which is different from our results.

About the economic values, Lôbo et al.
(2011)15 indicated that increasing values of
traits by one unit to calculate their EVs is
not a suitable way to compare EVs of traits,
because the increase of one unit does not
allow a relative comparison, since it does
not consider the scale and biological limits
of the traits. Therefore, the following dis-
cussion concentrates on EVs calculated by
increasing values of traits by 1% of their
mean values. 

The most important trait in this way was
LS, followed by SR, PR, BW9, BW3, BW6
and BW0, respectively. As the relative eco-
nomic values of traits were calculated based
on the economic value of the BW0, the rel-

ative economic value of birth weight was
equal to 1. 

Positive EVs for the traits implies that
the total revenues resulting from increasing
value of a trait by 1% of its mean value are
higher than the total costs. LS was the most
important trait. LS, the number of born
lambs per lambed ewe, is related to a multi-
plicative effect that determines the largest
source of revenues, that is surplus lambs
sold, but also it contributes to the costs. So,
litter size (LS) Survival rate before six
month (SR) and pregnancy rate (PR) are
traits that show good opportunity for
improvement in Zel sheep flocks, in spite of
their low heritability (˂0.10; Lôbo et al.
2011).15 Improvement of reproductive traits
provides a higher profit due to an increase
in produced lamb to sale (Tolone et al.
2011).16 In this study, EV of PR was low
when an increase of one unit of the trait was
examined. However, Legarra et al. (2007)27

and Vatankhah (2005),17 reported higher
values for this trait. Morais and Madalena
(2006)28 reported that the traits related to

reproduction had high economic values, as
found in the present study when their values
increased by 1%.

In this study, increasing mortality rate
had negative impacts on the system profit,
because it resulted in fewer animals for sale.
Increasing survival rate (SR) before six
months of age increases number of animals
available for reproduction and for sale. And
if the number of breeding rams and ewes is
kept constant, this trait can increase sale of
surplus lambs. So, following LS, SR was
second important trait affected on the sys-
tem profit. McManus et al. (2006)29 esti-
mated that the economic values of number
of weaned lambs in intensive system are
lower in comparison with semi intensive
and extensive sheep production system.
But, Morais and Madalena (2006)28 and
Lôbo et al. (2011)15 reported that lamb sur-
vival rate was an important trait. 

Success of the enterprise is concentrat-
ed on the price of meat paid at market. This
price fluctuates between region of the coun-
try and along the year which leads to large
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Table 3. Economic values (US$) of the traits in the base and changed situations and sensitivity of the EVs to changing feed costs (FC)
and price of live weight of 9-month-old lamb (L9L) by ±20% of their mean market values.

Traits                                                                                    BW0           BW3            BW6                 BW9           LS                SR               PR

EVs (base-unita)                                                                                                                                                                                                                                                            
       Absolute EV                                                                                              0.95                 2.57                  1.45                        1.26               3.17                    2.08                  1.17
       Relative EVb                                                                                                1                    2.7                    1.52                        1.32               3.33                    2.18                  1.23
EVs (base-1%c)                                                                                                                                                                                                                                                              
       Absolute EV                                                                                              0.34                 0.51                  0.43                        0.62               3.17                    2.08                  1.17
       Relative EVb                                                                                              1                    1.5                    1.26                        1.82               9.32                    6.11                  2.52

EVs (changed-1%d) and EV sensitivities and stabilities

Changing FC by +20%                                                                                                                                                                                                                                                   
       EV                                                                                                                0.23                 0.37                  0.37                        0.58               2.82                    1.91                  1.04
       EV sensitivity                                                                                            -0.33               -0.28                 -0.13                       -0.06              -0.11                  -0.08                 -0.11
       EV stability                                                                                                67%                 72%                  87%                        94%               89%                   92%                  89%
Changing FC by -20%                                                                                                                                                                                                                                                     
       EV                                                                                                                0.45                 0.65                  0.49                        0.66               3.52                    2.25                   1.3
       EV sensitivity                                                                                            0.33                 0.28                  0.13                        0.06               0.11                    0.08                  0.11
       EV stability                                                                                                67%                 72%                  87%                        94%               89%                   92%                  89%
Changing price of L9L by +20%                                                                                                                                                                                                                                  
       EV                                                                                                                0.51                 0.75                  0.57                        0.77               4.18                    2.68                  1.54
       EV sensitivity                                                                                            0.50                 0.47                  0.32                        0.25               0.32                    0.29                  0.32
       EV stability                                                                                                50%                 53%                  68%                        75%               68%                   71%                  68%
Changing price of L9L by -20%                                                                                                                                                                                                                                    
       EV                                                                                                                0.17                 0.27                  0.29                        0.46               2.15                    1.48                   0.8
       EV sensitivity                                                                                            -0.50               -0.47                 -0.32                       -0.25              -0.32                  -0.29                 -0.32
       EV stability                                                                                                50%                 53%                  68%                        75%               68%                   71%                  68%
Coincidentally changing FC & price of L9L by +20%                                                                                                                                                                                             
       EV                                                                                                                 0.4                   0.6                    0.51                        0.74               3.83                    2.51                   1.4
       EV sensitivity                                                                                            0.17                 0.17                  0.19                        0.20               0.21                    0.21                  0.20
       EV stability                                                                                                83%                 83%                  81%                        80%               79%                   79%                  80%
Coincidentally changing FC & price of L9L by -20%                                                                                                                                                                                               
       EV                                                                                                                0.28                 0.42                  0.35                         0.5                 2.5                     2.21                  0.94
       EV sensitivity                                                                                            -0.17               -0.17                 -0.19                       -0.20              -0.21                  -0.21                 -0.20
       EV stability                                                                                                83%                 83%                  81%                        80%               79%                   79%                  80%
BW0: lamb birth weight; BW3: lamb weaning weight (3 months old); BW6: 6-month-old lamb weight; BW9: 9-month-old lamb weight; LS: litter size; SR: Survival rate before six month; PR: pregnancy rate. aThe EVs cal-
culated by increasing trait mean values by one unit in the base situation. bThe relative EVs of traits was calculated based on the EV of BW0. cThe EVs calculated by increasing trait mean values by 1% in the base situa-
tion. dThe EVs calculated by increasing trait mean values by 1% in the changed situation.

Non
-co

mmerc
ial

 us
e o

nly



[page 36]                                                 [Veterinary Science Development 2018; 8:7854]

uncertainties in sheep production. Body
weight in the time of sale was important for
the system evaluated in this study. As the
only incomes here are the sales of animals,
wool and manure, an increase in values of
these traits promotes positive increments in
the system profit. In the present evaluation,
BW9 and BW6 have rank four and five EVs
when increased by 1% increase, respective-
ly. McManus et al.29 reported that in the
intensive sheep production, the EV of lamb
slaughter weight was highest when com-
pared with the values in the extensive and
semi intensive production system. 

Weaning weight and birth weight have
sixth and seventh EVs among considered
trait EVs. Khodaei has reported the EV of
birth weight of Gillani sheep was negative,
because of increasing percentage of mortal-
ity rate of ewes and lambs at the lambing
time in Gillani breed.26 However, in the pre-
sent study, positive EV of birth weight was
probably due to the fact that there were no
increased mortality rate and additional costs
associated with the heavier lambs born,
such as more nutrient requirements or assis-
tance for heavier lambs during the lambing
time, as Tolone et al.16 explained these
points about birth weight trait.

About the sensitivity of the trait EVs
could discussed that these results demon-
strated that the sensitivity of BW9, SR, LS
and PR EVs to the system input changes is
low, therefore because of their high stabili-
ties, they can used as the long-term compo-
nents of selection index equation for the
intensive production system of Zel sheep.
With increasing and decreasing the price of
live weight of 9-month-old lamb by ±20%,
the EVs of all seven traits increased and
decreased, respectively. The EV of BW9
was more sensitive to the revenue changes
(the variation of ±0.25) in comparison to
input changes (the variation of ±0.06). With
coincidentally changing feed costs (system
input) and price of live weight of 9-month-
old lamb (system revenue) by ±20%, all
seven trait EVs changed by ±17-21%. With
changing system input and income by
±20%, the relative EVs of traits remained
constant and ranking of the trait EVs was
not changed.

Conclusions
Intensive sheep production system is a

profitable system for Zel sheep and this
study provides some important information
on the traits that should be included in
breeding objectives in the intensive sheep
production system for this breed, where
annual expenses are very high and manual

feeding is the main source of feed for the
flock. In Iran, Mazandaran province is the
most economical case for sheep production
in a closed system because of its special cli-
matic conditions and also Zel breed charac-
ters which is native (high resistance and low
maintenance cost of mother for its small
size). From the results obtained in this study
can be concluded that intensive sheep pro-
duction system is a profitable system for
Zel, and the breeding objective that affect
profitability in Zel under intensive rearing
system in Iran, will be including litter size,
survival rate up to 6 months of age, preg-
nancy rate, and lamb body weight at 9, 3
and 6 months of age, respectively.
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