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Abstract
Background: Genetic improvement in livestock in developing countries like Ethiopia remains challenging; selectionbased breeding schemes have the potential to provide resource-poor producers with access to improved animals
that could ensure increased productivity of animals and hence contribute to reduced poverty. Therefore, the aim of
this study was to compare alternative breeding program designs to improve productivity of Gumz sheep for sustainable utilization and conservation of genetic resource. In this paper, two village-based and two central nucleus-based
sheep breeding schemes were modeled and evaluated in terms of their biological and economic efficiencies. The
schemes were scheme-1: a village-based breeding scheme with existing lambing, scheme-2: a village-based scheme
with improved lambing, scheme-3: central nucleus-based scheme with 5% nucleus size and scheme-4: central
nucleus-based scheme with 10% nucleus size.
Results: The annual genetic gains per year in 6-month weight (kg) were differed across schemes and ranged from
0.154 to 0.171 in village-based scheme, and 0.334 to 0.336 in central-based schemes. The annual genetic gain per year
in number of lambs born per ewe bred ranged from 0.0017 to 0.0036% in both village- and central nucleus-based
scheme. The genetic gain in the proportion of lambs weaned per ewe was comparable across central nucleus-based
scheme but little differed in village-based schemes and ranged from 0.0015 to 0.0016%.
Conclusion: Central nucleus-based schemes resulted in the highest genetic gain and economic efficiencies in all
breeding objectives compared to village-based schemes. However, this scheme requires establishing a very large
central nucleus flocks. Village-based scheme with estrous synchronization was the best option. The expected genetic
gains and profits were higher as it promotes participation of farmers and achieving concentrated lambing which
in turn increase selection intensity and genetic progress. This suggested the possibility for sustainable Gumz sheep
improvement and conservation through village-based schemes and estrous synchronization.
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Background
Sheep production is an important component of livestock
sector to address food insecurity and reduce poverty
among smallholder farmers in the developing countries
like Ethiopia. Because of their unique adaptation to marginal environments with low level of input, indigenous
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sheep contributes much for sustaining rural livelihoods
by producing a wide range of products. They provide
cash income, food (meat and milk), skin and manure for
their keepers. They also serve as a means of risk mitigation during crop failures and monitory saving in addition to their sociocultural and ceremonial purposes [1,
2]. The demand for sheep mutton has increased due to
increased human population and urbanization. Importance of sheep in the national economy of Ethiopia was
also boosted by both domestic and international markets. Ethiopia possess many adapted indigenous sheep
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breeds, which are important components of smallholder
livestock production systems in Ethiopia [3, 4]. The sheep
population of the country is diverse consisting of about
14 sheep types in six major groups and nine breeds [5].
Northwestern lowland of Amhara region is among the
potential areas in livestock production and consequently
in the supply of live animals to the Sudan market [6].
This offers an opportunity for farmers to increase their
income by timely supplying and targeting appropriate
market. This shows that sheep production could be one
potential source for employment opportunity to alleviate
poverty in the country. Therefore, the rising demand for
live sheep or sheep product in and outside the country
will necessitate producing market-oriented sheep breed
through improvement in the current inefficient sheep
production and marketing systems in the country.
The Gumz sheep breed, on which this study focused,
is one of the indigenous sheep breed distributed in the
western and northwestern lowlands of Ethiopia [7, 8].
Gumz sheep is resistant to disease with better survival
rate, while having a substantial economic, social and cultural importance [7]. Gumz sheep are also superior in
most of the reproductive traits as compared to the Rutana
sheep breed [9]. However, it has lower growth performance and body weights compared to the exotic Rutana
sheep. Rutana sheep was introduced from the Sudan due
to its fast growth rate and big body size. These characteristics make the Rutana sheep and their crossbreds to be
economically more important and have been influencing
the farmers’ opinions toward the Gumz sheep.
Even though, Gumz sheep breed is highly prolific and
adaptable to the hot environmental condition, farmers
are more interested in Rutana sheep and their crossbreds. However, this is seriously threatening the existence of indigenous Gumz sheep breed. Reports indicated
that the population size of Gumz breed is declining [5].
Hence, the current drive for rapid livestock development through crossbreeding and the threat status of
indigenous sheep [10] requires research to design and
implement suitable breeding strategies so as to improve
productivity and conserve indigenous breeds.
Lack of effective, sustainable breeding programs for
local breeds is one reason that such breeds lose their
competitive advantage, especially where production systems or external conditions are subject to change [11].
Conservation of Gumz sheep genetic resources could be
imperative as these have been ensuring most to sheep
genetic diversity in Ethiopia and reduce poverty among
smallholder farmers. This requires optimal breeding
program to conserve and improve productivity of Gumz
sheep. Given the current harsh production circumstances
and the potential of Gumz sheep to meet future changes
in production conditions and production goals, the useful
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functional and adaptive traits provided by indigenous
Gumz sheep could be secured through development of
conservation-based breeding programs. The objective of
this study was to compare alternative breeding program
designs to improve productivity of Gumz sheep for sustainable utilization and conservation of genetic resource.

Methods
Study areas

The study was conducted in Metema and Quara districts
of the Amhara Regional State of Ethiopia. Metema and
Quara districts were purposively selected based on distribution of Gumz, Rutana and their crossbred’s sheep
breeds. Metema district is located at 900 km northwest
of Addis Ababa and at 180 km west of Gondar. It has an
altitude range of 550–1680 masl, mean range temperature of 22–43 °C and mean range annual rainfall of 850–
1100 mm [7, 12] . Quara district is located at 1123 km
northwest of Addis Ababa and 324 km southwest of
Gondar. The district is situated at an altitude ranging
from 528 to 654 masl. The mean annual rainfall of the
area ranges from about 600 mm to around 1200 mm
while the average daily temperature is 31°C with ranges
from 19.2 to 41.1 °C minimum and maximum temperature, respectively [13] (Fig. 1).
Description of production and breeding system of Gumz
sheep

The existed production system, production objective,
breeding management, infrastructure and other relevant
information were studied using participatory approaches
[14]. A brief account of production system and breeding
management obtained from the previous survey results is
summarized below. A detailed description of production
system is given in article published earlier [14].
Northwestern lowland of Amhara region is among the
potential areas in livestock production and consequently
in the supply of live animals for both domestic and export
market (Sudan market) [6, 12]. Cattle, goat, sheep and
donkey were the livestock species reared by smallholder
farmers. The study area is characterized as a subsistenceoriented and low-input extensive production system. The
smallholder farmers possess small size of livestock number mainly relays on family labor.
The most important sheep breeds reared in the study
areas were the indigenous Gumz and the introduced
Rutana sheep breed. In addition, there was a crossbred
sheep between Gumz and Rutana sheep. The smallholder
farmers primarily keep the indigenous Gumz sheep followed by the crossbreds. As reported earlier [14], Gumz
sheep are kept under low-input and low-output production system. Gumz sheep have multipurpose functions
and supporting the livelihoods of smallholder farmers
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Fig. 1 Map of the study districts
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by being financial and food source [14]. The typical flock
sizes were small, male animals are either sold or slaughtered and their number remains small in the flock. The
major type of herding practiced in the study areas was
free grazing. Smallholder farmers herd sheep either
together with goat or separately depending on the availability of hired labor. As reported by the farmers, diseases,
labor shortage, stock theft, feed shortage and predator
were the most important limiting factors for the sheep
production in the area. Since farmers live with low level
of education, there is no performance or pedigree recording. The involvement of other stakeholders in genetic
improvement in local indigenous sheep genotype was
very minimal.
Breeding goal and selection criteria

The Gumz sheep farmers breeding goal required for the
design were generated from previous studies [7, 14]. The
breeding-objective traits identified included 6-month
weight (SWT), pre-weaning lamb survival (PWS) and litter size (LTS). Bio-economic models were constructed on
Microsoft Excel spreadsheet to derive economic values
of traits, considering both tangible and intangible benefits of rearing Menz sheep [15]. The Menz sheep-relative
economic weight in previous studies was adopted for the
current simulation study. The relative economic weights
for SWT, PWS and LTS are presented in Table 2.
Selection of villages and alternative designs of breeding
schemes

Multistage stratified sampling was employed to select
kebeles purposively based on sheep breed distribution,
sheep population and accessibility. Three kebeles were
selected from each district representing smallholder production systems. Accordingly, a total of six kebeles (three
from each district) representing smallholder systems
were selected.
The villages/kebeles with the highest concentration of
pure Gumz sheep in each district were selected to introduce the breeding program. The selection was based
on the previous flock inventory results taken from each
kebele/villages, secondary data from the district agriculture and rural development office, focus group discussions held with key informants, village leaders,
researchers and livestock experts in the area. The criteria
employed were high Gumz sheep possession, presence of
communal grazing land in the villages, accessibility and
willingness of the community in the village to participate
in the breeding strategy.
A total of 14,057 sheep and ewes of 7591 were monitored from data available from the kebeles/villages. The
breeding program was designed to serve this population.
Six villages from Metema district (Shinfa, Kokit, Tumet,
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Achera, Agam-wuha and Kumer-afitete) and eight villages from Quara district (Bambawe, Bermile, Mehaded,
Diza-Gumz, Kozera, Seliferedi, Daza and Kuza) were
taken. Those kebeles/villages were selected purposely to
trace the exact breeding tract of Gumz sheep.
Two main schemes were proposed for evaluating
optimal breeding program: These were village-based
schemes (scheme 1–2) and central nucleus-based
schemes (scheme 3–4) which are being implemented by
the Amhara Agricultural Research Institute (ARARI).
Both schemes are being increasingly advocated for traditional production systems [16]. Each of the villagebased and central nucleus-based schemes was evaluated
under two scenarios: The schemes identified were villagebased schemes (schemes 1–2) and central nucleus-based
schemes (scheme 3–4; Table 1). The village-based scheme
is supposed to be established in each cooperative breeding village, whereas the central nucleus-based scheme
with one central nucleus flock is designed to address
the whole Gumz sheep population in the selected villages. The four alternative schemes were simulated using
ZPLAN computer program [17] developed for this purpose deterministically. The four alternative schemes are
described below:
Scheme-1: village-based scheme with existing lambing distribution over a year. The distribution of lambing
was recorded from a monitoring study (Fig. 2). Lambs
born during the peak lambing season between July and
September were considered to be available for selection
every year. The whole village sheep population is involved
in selection. The villagers select breeding rams from
across all the flocks in the village taken as one big breeding flock and use the selected rams communally. The traditional year-round distribution of lambing could result
in low selection intensity.
Scheme-2: Village-based scheme with improved lambing distribution: Through improved breeding management and estrous synchronization, it would be possible
to concentrate lambing within a short period of time. The
scheme was modeled with about 85% of the lambing to
take place within a short period of time.
Scheme-3: A central nucleus-based scheme with 5%
nucleus size: Scheme-3 is modeled with a nucleus size
of 5% of the total population of ewes. A possible opennucleus breeding scheme for the indigenous Gumz sheep
consisting of a total of 360 breeding ewes and 15 rams.
There will be 10 nucleus flocks and each nucleus flock
will consist of 36 breeding ewes. The top 5% of the rams
will be selected as the future sires for the nucleus flocks.
The second top sires will be distributed to flocks of smallholder farmers participating in the breeding strategy
project.
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Table 1 Population, biological and economic parameters
for four alternative breeding schemes for Gumz sheep
Village-based
schemes

Central nucleusbased schemes

Scheme-1 Scheme-2 Scheme-3 Scheme-4
Proportion of populations in
Production unit

1.0

1.0

Central nuclei
Proportion of ewes
lambing

0.95

0.90

0.05

0.10

0.48

0.80

–

–

Rams in central
nucleus

–

–

0.67

0.67

Rams in villages

2.5

2.5

Lifetime use (years)
of:

Ewes in central
nucleus

2.5

2.5

5

5

Fig. 2 Lambing distribution of Gumz ewes throughout the year

Table 2 Phenotypic standard deviations (σp), economic
values, heritabilities along diagonal, genetic (above
diagonal) and phenotypic (below diagonal) correlations
used in simulated selection in Menz sheep Source: [18]
Traits

Economic values (birr)

Variance

SWT

LTS

PWS

Ewes in villages

5.0

5.0

5

5

Mating ratio (F/M)—
villages

35

35

35

35

Mating ratio—central –
nucleus

–

35

35

Lambing interval
(years)

0.60

0.60

0.60

0.60

Conception rate—
central nucleus

–

–

0.85

0.85

Conception rate—
villages

0.85

0.85

0.85

0.85

Age at first lambing
(years)

1.14

1.14

1.14

1.14

Twinning rate

1.32

1.32

1.32

1.32

Survival of rams—villages

0.85

0.85

0.85

0.85

Survival of rams—
central nucleus

–

–

0.85

0.85

Survival of ewes—vil- 0.85
lages

0.85

0.85

0.85

Survival of ewes—
central nucleus

–

–

0.85

0.85

Essential input parameters for running ZPLAN are presented in Table 1. Some of the parameters required for
the designs were generated from the production system,
own flock ranking and on-farm monitoring studies [7, 9,
14].

Lamb weaning
rate—village

0.85

0.85

0.85

0.85

Genetic and phenotypic parameters

Weaning rate—central nucleus

–

–

0.90

0.90

Suitability for
breedinga

0.90

0.90

0.90

0.90

Fixed costs per ewe
(Birr)

12.0

12.0

158.9

158.9

Variable costs per
ewe (Birr)

12.05

12.05

11.37

11.37

a

SWT

34.5

4.64

0.29

0.09

0.10

LTS

60.2

0.012

0.09

0.13

PWS

190.6

0.013

0.10

0.00

− 0.02
0.07

SWT six-month weight, LTS litter size, PWS pre-weaning survival

Proportion of proven selection candidates physically suitable for breeding

Scheme-4: A central nucleus-based scheme with 10%
of nucleus size: Same as scheme-3, but the scheme was
consisting of a total of 720 breeding ewes and 30 rams.
Ewes will be divided into 10 flocks of 72 ewes/flocks by

stratified randomization technique using body weight.
About 10% of best rams each year should be selected at
nucleus flocks for own use. The second best rams will be
distributed to flocks of smallholder farmers participating
in the breeding strategy project.
Input parameters for the breeding program

The phenotypic standard deviations, the economic
weight and the traits’ heritabilities, genetic and phenotypic correlations are presented in Table 2. Since the
genetic parameters are lacking for the Gumz sheep breed,
the parameters estimated for Menz sheep are used [18].
Relative economic weight for each trait was based on
the program for which breeding plan was designed and
computed by standardizing the values with the additive
genetic standard deviation (σA) following the guidelines
of FAO [19].
Evaluation of alternative breeding programs

Alternative breeding schemes were evaluated using the
computer program ZPLAN [17]. Based on the population, biological and economic parameters, ZPLAN
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Table 3 Genetic gain per year in the breeding objective
and its component traits achieved from selection using
four alternative Gumz sheep breeding schemes
Village-based
schemes

Central nucleus-based
scheme

Scheme-1 Scheme-2 Scheme-3 Scheme-4
Breeding objectivea

5.71

6.31

SWT (kg)

0.154

0.171

0.334

0.336

LTS

0.0017

0.0018

0.0036

0.0036

PWS

0.0015

0.0016

0.0029

0.0029

12.29

12.37

a

The annual monetary genetic gains for the breeding objective were calculated
as a sum of the products of the respective genetic gains and economic weights
of the component traits (SWT: six-month weight, MWT mature weight, LTS litter
size and PWS pre-weaning survival)

calculates the annual genetic gain for the breeding objective, genetic gain for single traits and return of investment adjusted for costs (profit) using the gene flow
method and selection index procedures.

Results
The annual monetary genetic gains of breeding-objectives traits are shown in Table 3 for the different breeding
schemes. The result showed that the central nucleusbased schemes resulted in fastest genetic progress than
those from village-based schemes. Monetary genetic
gains of 12.29 and 12.37 for central nucleus-based
schemes were predicted while the corresponding values
for village-based schemes were 5.71 and 6.31 (Table 3).
Monetary genetic gains for the central nucleus-based
scheme in the breeding objective, which is the total gain
from the three traits expressed in monetary units, were
higher than the village-based schemes. This was because
selection assumed accurate breeding values of the candidate rams, unlike in the village-based schemes where
candidates were selected based on phenotypes. The
highest genetic gain of 0.336 kg per year for 6 month’s
weight was predicted from a larger central nucleus-based
scheme (scheme-4) but the profit was lower than the
smaller central nucleus-based scheme (scheme-3) since
the discounted costs of maintaining the larger nucleus
flock were higher (15.89) than the smaller nucleus flock
(7.94). Among the village-based schemes, the highest
value of 0.171 kg annual genetic gain of the 6-months
weigh was simulated from scheme-2 whereas the lowest value of 0.154 kg was simulated from scheme-1. The
results for the two village-based schemes showed that
both the monetary genetic gains and profits were highest if most of the ewes (about 85%) were synchronized
to lamb in restricted months rather than throughout the
year.

The lowest annual genetic gains of twining rate with
the range of 0.0017–0.0036% were predicted from all
schemes. Relatively lower annual genetic gains of 0.0017
and 0.0018% were predicted from scheme-1 and 2,
respectively. The annual genetic gain of lamb survival at
different schemes ranged from 0.0015 to 0.0029%. Relatively higher annual genetic gain of 0.0029% survival rate
was predicted from central nucleus-based schemes.
The annual returns, costs and profit per ewe of the population for different alternative schemes are presented in
Table 4. The highest annual return of 64.97 Birr/ewe/year
for scheme-4 was predicted from central nucleus-based
scheme while the lowest 41.65 was obtained in scheme-1
from village-based schemes (Table 4). The annual costs
were calculated per ewe in the whole population. These
costs were higher for village-based schemes than central
nucleus-based schemes. This is because the cost for the
central nucleus-based scheme was distributed throughout the whole population of about 7200 ewes. The profit/
ewe/year was in the range of 18.51 Birr in scheme-1
to 49.08 Birr in scheme-4. Among the village-based
schemes, scheme-2 was the profitable design but it was
less profitable compared to the central nucleus-based
schemes. Scheme-3 was more profitable (50.57 Birr/ewe)
than the other central nucleus-based scheme (scheme-3).

Discussion
All scenarios simulated as alternatives had advantages in
terms of genetic gain and profit. Results show that a slow
genetic progress was obtained in village-based scheme
with existing lambing distribution over a year (scheme-1)
compared to village-based scheme with improved lambing distribution (scheme-2). This was because only few
selection candidates would be available in each round of
selection due to dispersed lambing resulting in low selection intensity and thus slow genetic progress. A study
in the Ethiopian highlands [20] also reported that yearround distributed lambing could have implication in
Table 4 Returns, costs and profits per ewe per year
(Birr) obtained from selection in Gumz sheep using four
alternative breeding schemes
Village-based
schemes

Central nucleus-based
scheme

Scheme-1 Scheme-2 Scheme-3 Scheme-4
Return/ewe/year

41.65

46.03

58.52

64.97

Cost/ewe/year

23.10

23.14

7.94

15.89

Fixed costs per ewe

11.27

11.27

7.38

14.77

Variable costs

11.83

11.87

0.56

1.12

Profit/ewe/year

18.51

22.88

50.57

49.08

Dagnew et al. Agric & Food Secur (2018) 7:34

genetic improvement and flock productivity. This is due
to the dispersed lambing and small number of candidates
which lead to lower selection intensity and hence slow
genetic progress.
Village-based scheme with estrous synchronization
could be another alternative for achieving concentrated
lambing with a short period of time. Estrous synchronization would help to increase the number of lambs and
help in adjusting lambing time to a better season [20].
Currently, introduction of estrous synchronization and
artificial insemination (AI) in village flocks has been suggested for achieving planned and concentrated lambing
[21, 22]. In the present study, faster genetic progress and
profit from village-based scheme was predicted through
improved breeding management and estrous synchronization. Similarly, a previous study on mature Merino
ewes [23] reported 54.32% lambing rate over natural
synchronized lambing after cervical artificial insemination following a progestagen (MAP)-PMSG (375IU)
treatment. In these scenarios, higher selection intensity
is exploited to result in higher predicted annual genetic
gain and profit. Another study [20] also reported that
estrous synchronization had 17.1–25.2% more lambing over natural synchronized lambing. The advantage
of estrous synchronization over selection under natural
estrous synchronization was also given 160.5–190.1%
more profit [20]. Estrous responses to hormonal synchronization ranging from 55 to 93.2% have been reported for
Ethiopian sheep breeds [24, 25]. A review [26] of estrous
responses in Nigerian goat breeds showed a range from
20 to 100% success.
The genetic gain in 6-month weights in village-based
scheme with improved lambing distribution was highest
compared to village-based schemes with existing lambing
distribution over a year (Table 3). By improving breeding management and introducing estrous synchronization into the current breeding practices, genetic gains
and profits from scheme-2 were relatively higher than
those from scheme-1. This implies that village-based
scheme with improved lambing (scheme-2) is a better
alternative breeding scenario to scheme-1 in the villagebased breeding programs. The predicted genetic gain in
6-month weight ranged from 0.154 to 0.171 kg. These
values were found in the ranges of genetic gain of 0.120
to 0.179 kg in 6-month weight of Menz sheep [21]. The
genetic gain of 6-month weight predicted in this study
is lower than the range of the predicted annual genetic
gain of 6-month weight of western lowland and Abergelle
goats [27].
Very low genetic gains of twining rate were predicted
from all alternatives ranging from 0.0017 to 0.0036%.
The differences of genetic gain of litter size between
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different alternatives were very small. The genetic gains
of lamb survival at different scenarios ranged from 0.0015
to 0.0029%. The present study revealed that genetic
progress in litter size and lamb survival was low and
comparable among village-based schemes and central
nucleus-based schemes. Compared to the current study,
lowest genetic gain results for lamb survival with the
range of 0.009−0.01% were predicted for Ethiopian Afar
sheep breed [28]. The low genetic gain in reproductive
traits is attributed to their low heritability and genetic
correlations with growth traits [28–30] in the breeding
objective.
The central nucleus-based scheme with 10% nucleus
size (scheme-4) had most efficient genetic gain compared
to central nucleus-based scheme with 5% nucleus size
(scheme-3), but it was less profitable. The highest genetic
gain in 6-month weigh was obtained from scheme-4,
as scheme-4 benefited from higher selection intensity
compared to scheme-3. Similarly, previous study [31]
reported that applying higher selection intensity would
result in even higher genetic gain on the one hand and
higher discounted returns on the other hand. The predicted genetic gain in 6-month weight (0.336 kg) of central nucleus-based scheme was comparable to those of
[15, 32] who reported 0.29 and 0.34 kg genetic progress,
respectively, in 6-month weight of nucleus flocks of Menz
sheep. Comparison of central nucleus-based schemes
and village-based schemes showed that a highest genetic
gain was predicted from central nucleus-based schemes.
The study by [30] also noted that central nucleus-based
scheme with selection on breeding values had an advantage over a village-based scheme where selection was
on candidates’ phenotypes. The central nucleus-based
scheme was also highest in profit compared to the village-based schemes. However, some central nucleusbased breeding programs have failed under smallholder
production systems [33, 34]. The failure of central
nucleus-based breeding programs could be due to technical limitations, absence of infrastructures to support
the breeding programs [1].

Conclusion
The central nucleus-based scheme resulted in the highest genetic gain and economic efficiencies compared to
village-based schemes. However, this scheme requires
establishing a large central nucleus flocks. Running such
a large nucleus flock may not be sustainable due to the
long-term financial support and commitment required.
Village-based scheme is the best alternative breeding scenario that needs to be optimized for genetic improvement
in Gumz sheep. This study result suggested scheme-2
(village-based scheme with estrous synchronization) is
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better than scheme-1. The possibility of introducing hormonal estrous synchronization in village flocks is promising, as the results indicate effectiveness of the technology.
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