Acta Agraria Kaposvariensis (2014) Vol 18 Supplenhign7-55.
Kaposvari Egyetem, Agrar- és Kérnyezettudomanyi, Kaposvar
Kaposvar University, Faculty of Agricultural and\Emnmental Sciences, Kaposvar

Optimizing alternative schemes of community-based
breeding programs for two Ethiopian goat breeds

S. Abegaz, J. Solkner, S. Gizaw, T. Dessié, A. Haile®,
T. Mirkena®, T. Getachevi®, M. Wurzinger?

'Amhara Regional Agricultural Research Instituten@ar Agricultural Research Centre, P.O. Box 1339hd&r, Ethiopia
2BOKU-University of Natural Resources and Life Scies, Department of Sustainable Agricultural Systems
Gregor-Mendel-Strasse 33, A-1180 Vienna, Austria
SInternational Livestock Research Institute, P.Ox B689, Addis Ababa, Ethiopia
“International Center for Agricultural Research iryBreas, P.O. Box 5689, Addis Ababa, Ethiopia
SSwedish University of Agricultural Sciences (SLUppsala, Sweden
SAmhara Regional Agricultural Research InstitutebeBirhan Agricultural Research Centre
P.O. Box 112 Debre Birhan, Ethiopia

ABSTRACT

One tier community-based breeding schemes with ddterent scenarios for Western
Lowland and Abergelle goat of Ethiopia were simethtusing ZPLAN computer
program to compare the genetic gain of the breedifijectives traits across the
alternatives. The scenarios were different in terfisnumbers of traits in selection
criteria while keeping the breeding goals the satheoughout the alternatives.
Simulation study showed that there was little diffiee in annual genetic gain for
individual breeding objectives traits and annual mitoring gain (aggregate gain)
across the different alternatives. The range o0ff080.8724 kg, 0.00040.0006 and

0.0184-0.0195% of six months weight, number of kids bard proportion of weaned
kids were predicted for Western Lowland goat reSpely. For Abergelle goat the
range of 0.360.3675 kg of six months weight, 0.066®114 kg of daily milk yield and
0.0068-0.0085% proportion of weaned kids per does per ygare simulated. The
lowest aggregate genetic gains of 25.94 and 16 dt&wbtained for Western Lowland
and Abergelle goat respectively from the alterrativhere only one trait (growth)
included in the selection criteria (index or rechrd

(Keywords: Breeding program, Ethiopia, Geneticg&8oat, selection criteria)

INTRODUCTION

Almost all goats in Ethiopia are managed by reseysoor smallholder farmers and
pastoralists under traditional and extensive pradaocsystems. They provide multiple
roles for their owners such as source of incomed fémeat and milk) and manure
(Legesset al, 2008;Abegaz et a] 2013). They also serve as a means of risk ribiga
during crop failures, property security, monetaayisg and investment in addition to
many other socioeconomic and cultural functiohledassa and Jabbaf008). The
growing demand of meat at the domestic as welltabe international markets also
increases the importance of goat in the nationaheey of the country. However, goat
production in Ethiopia is constrained by many bgidal, environmental and socio-
economical factors. Among them, lack of systemateeding programs is an important
constraint.
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There is no systematic goat breeding program ineplnd goat is the most neglect
livestock species in research and development endefl segahuret al, 2000). There
have been a few attempts of genetic improvemerdrpm of goats through upgrading
the exotic genetic blood levels. However it wasorégd that crossbred goats did not
perform better than indigenous goats if both growase kept atsimilar management
levels @yalewet al, 2003). In general, many small ruminants crosgding programs in
tropical country were not successful because ofritbempatibility of the genotype with
the farmers breeding objectives, management metiodighe prevailing environment of
the tropical low input production systen®yg@lewet al, 2003;Kosgey et aJ 2006). Pure
breeding applying community based breeding progianbelieved to be a more
appropriate breeding program for such type of petidna systems which are
characterized as low-input system with poorly dewed infrastructuresS@lkneret al,
1998;Gizaw et al, 2009). Optimization of the community based bheggrograms by
looking at different alternative schemes to prediet genetic gain and the economic
return is very helpful during implementation. lvgs the chance to adjust the technical,
infrastructural and socio economic issues ahedtleoimplementation. The objective of
this study is to evaluate different alternative esoks of community-based breeding
programs for Abergelle and Western Lowland goaéttseof Ethiopia.

MATERIAL AND METHODS

Study areas

The study was conducted in two districts (Metema #@ergelle) of the Amhara
Regional State of Ethiopia. Metema is located kaiua 860 km North West of the
capital Addis Ababa. The district has an altitudes80 to 1608 m anthe latitude of
12°40’ N to 1314’ N. It has uni-modal type of rainfall receivitlge annual average of
850 to 1100 mm, which occurs from June to Septembke production system is
characterized as mixed crop-livestock system witip dominance. Western Lowland
(Gumuz) breed is the dominant goat breed of tha.afbergelle is located at about 780
km from Addis Ababa in the Northern part of the otvy. The area is characterized as
dry/sub-moist highland agro-ecological zone. It tlesaltitude of 1150 to 2500 m with
the latitude of 1218'N to 1306’N. The rain fall pattern of the area is verya¢ioc and
uneven. The area receives the mean annual ramfades from 250 to 750 mm. The
main rain season of the district is July to Septemibhe production system of Abergelle
district is mixed crop-livestock system with highquity of Abergelle goat production.

Breeding objectives and selection criteria

As the breeding program would be implemented atmoanity level, for each breed,
only three traits with high preference by farmensl @asy to measure were considered
(Abegazet al, 2013;Abegaz,2014). The breeding objectives identified for Adwdte
goat owners were: Body size, milk yield and mothgrébility (kids survival), while the
breeding objectives for Western Lowland goat owmnegse body size, twinning rate and
mothering ability (kids survival). Two selectiondiexes, one for each breed were
constructed. Index 1, to reflect the breeding abjecof Abergelle goat breeders,
included six months weight (for body size), dailyilkmyield (for milk yield) and
proportion of kids weaned (for kid survival). Ind2xo reflect the breeding objective of
Western Lowland goat six months weight, number idé bborn per does per year and
proportion of kids weaned per does per year.
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Economic values

The economic weight and variance components ofrdits are given infable 1. The
relative economic weight is derived based on theméas’ preference through
participatory methodsAbegaz 2014). The phenotypic standard deviations oftthis
were estimated from the result of morphologicalrabterization studies of the breeds
(Abegaz et a) 2013). The genetic standard deviations of thiastwere also estimated
by multiplying the phenotypic standard deviatiorttie heritability of a trait.

Table 1

Economic weight and variance component of the selian criteria (traits)

Breeding objective . o .

traits Selection criteria Unit REW 0. o,
Abergelle
Body size Six month weight kg 54% 1.4% 2. 74
Milk yield Milk yield/ day kg 30 % 0.13 0.23
Kid survival Proportion of kids
(mothering ability) | weaned/does/year % 16% 0.089 0.40
Western Lowland
Body size Six months weight kg 55% 1.99 3.76
Twinning Number of kid born /doe/year 31% 0.14 49.
Kid survival Proportion of kids weaned
(mothering ability) | /does/year % 14% 0.13 0.60

REW: relative economic weighti,: Additive genetic standard deviatiooy: phenotypic standard
deviation

Population structure

The community based one tier selection scheme wasiaered for both breeds as the
optimal breeding program for both of the study ared@he flocks from 30 households
with the average of 26 breeding does per houselel@® considered as one breeding
unit for Abergelle goat, while the flocks from 6@useholds with the average of 5
breeding does per household was considered asreadiibg unit for Western Lowland
goats. The important input parameters of the tveetls for modeling (running ZPLAN)
are shown inTable 2 The information for the input parameters wereetalfrom the
previous studiesOerbie 2008; Abegaz et a] 2013,Derbie and Taye2013;Abegaz
2014). The number of proven (candidate) animatsaich time unit (year) were projected
using the reproductive parameters and survivalgatee breeds. In this study, only the
costs of additional activities to the normal mamaget practices were considered as the
cost parameters.

Alternatives breeding programs

Four different alternatives for each breed wergpsed for evaluating optimal breeding
program Table 3. The alternatives were based on the variatiothefnumber of the
traits in the selection index (recording) while gy all traits in aggregate breeding
goal. The important considerations of the altemsstiwere to see the effect of the
variation of the number of traits in the recordisgheme (selection criteria) on the
genetic gains of the individual traits as well las &ggregate response.
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Table 2

Input parameters for modeling alternative breedingprograms

Parameters | Abergelle | Western Lowland
Population parameters
Population size (Does) 780 300
Number of proven males/years 300 255
Proportion of bucks selected 10% 10%
Biological parameters
Breeding does in use (year) 5 5
Breeding bucks in use (year) 2 2
Mean age of bucks at birth of first offspring (y&ar 1.5 1.2
Mean age of does at birth of first offspring (ygars 1.3 1.1
Kidding rate 0.85 0.85
Mean time period between subsequent kidding (yearg 1 0.6
Mean number of kids per litter (litter size) 1.13 51
Number of kidding/doe/year 1 1.67
Kid survival to six months (%) 80% 80 %
Cost parameters
Animal identification doe/year(€) 0.86 1.36
drug /doel/year(€) 0.86 1.36
Enumerator salary(€) 0.98 0.98
Stationary materials for recording(€) 0.20 0.20
Interest rate return (%) 0.05 0.05
Interest rate cost (%) 0.08 0.08
Investment period /year 15 15

Table 3

Alternative breeding schemes for Abergelle and Westn Lowland goats

Alternatives Breed
Abergelle Western Lowland
1 All traits in the selection index All traits in the selection index
(SMW+DMY+PKW) (SMW+NKB+PKW)
2 SMW+DMY in the selection index SMW+NKB in the setion index
3 SMW+PKW in the selection index SMW+PKW in theesgion index
4 Only SMW in the selection index Only SMW in thelection index

Note: SMW=Six months weight, DMY=Daily milk yieldPKW=Proportion of kid weaned,

NKB=Number of kids born

Genetic and phenotypic parameters

The genetic and phenotypic parameters are presenieable 4 Due to the population

parameters of the study breeds lacking, the weightgitability estimates of the traits
from published reports of other local and exotiatgowere used. The genetic and

phenotypic correlations of the traits were obtaifrech published reports on sheep.
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Table 4

Phenotypic correlation (above the diagonal), genopjc correlation (below the
diagonal) and heritability of the traits (along diagonal)

Traits Abergelle Western Lowland

SMW DMY PKW SMW NKB PKW
SMW 0.28 0.1 0.1 0.28 0 0.1
DMY/NKB 0.2 0.32 0.14 0 0.10 0.15
PKW 0.3 0.53 .05 0.3 -0.20 0.05

Note: SMW=Six months weight, DMY=Daily milk yieldPKW=Proportion of Kids weaned,
NKB=Number of kids born

Evaluation of alternative breeding programs

Alternative breeding schemes were evaluated udieg computer program ZPLAN
(Willam et al, 2008). Using the gene flow method and seledmaiex procedures, the
program enables to simulate different breeding plbay deterministic approach. The
program calculates genetic gain for the aggregaeding value, the annual response for
each trait and discounted return and discounteélt oo a given investment periods.
Rate of inbreeding per generatiax=) were calculated using a formula relating effeti
population size to use number of malg,Jldnd number of female (Nbreeding animals
(Falconer and Mackayl996);AF= (1/8 N,) + (1/8 N)

RESULTS AND DISCUSSION

Annual genetic gain in individual traits

The predicted annual genetic gaim€s] of individual breeding objectives traits from
different alternative schemes of the two breeds @mesented inTable 5 Those
parameters were different among the different adtves and breeds. For all traits
considered, higher genetic gains were predictedWesstern Lowland goats than the
Abergelle goats. These variations were due to highenotypic variation of the traits,
lower generation interval and better performancel{sas high twinning rate) of Western
Lowland goats. The highest genetic gain of 0.36@6é&r year for six month’s weight
was predicted for Abergelle goats in growth onljesoe (alternative 4) while the lowest
0.3599 was obtained in the alternative 2. As exgubtite highest gain was simulated for
six month weight from growth only alternative wheyely the information of growth
was included in the selection index. The highetiev®.8724 kg annual genetic gain of
the six months weight was simulated for Western laowé goats from alternative 3
(growth and survival information in the selectiaomdéx) whereas the lowest value of
0.8702 kg was simulated from alternative 2 (growattd twinning information in the
selection index). The highest gain of six monthgheéifrom alternative 3 was due to
relatively higher positive genetic and phenotypicrelation between the two traits. The
lowest genetic gain of six months weight from groveind twinning alternative was
associated with the lower phenotypic and the negageenetic correlation of the two
traits attached in the model. The genetic gainiwfnsonths weight predicted in this
study is in the range of the predicted annual gemgtin of six months weight in similar
study of Kenyan cross breed godettet al, 2012).
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Table 5

Genetic gain per year for the breeding objective tiits in different alternatives

Breed Alternativies Traits
SMW(kg) | DMY(kg) | PKW (%) NKB
Abergelle 1 SMW+DMY+PKW 0.3600 0.0114 0.0085 _
2 SMW+DMY 0.3599 0.0110 0.0083 _
3 SMW+PKW 0.3669 0.0069 0.0072 _
4 SMW 0.3675 0.0066 0.0068 _
Western Lowland| 1 SMW+NKB+PKW 0.8710 - 0.0192 @60
2 SMW+NKB 0.8702 - 0.0184 0.000¢
3 SMW+PKW 0.8724 - 0.0195 -0.00001
4 SMW 0.8718 - 0.0186 0

SMW: Six months weight, DMY: Daily milk yield, NKBNumber of kids born, PKW: Proportion
of kids weaned

Relatively lower genetic gains of 6.60 g and 6.9Tilk yield were predicted from
alternatives 4 and 3 for Abergelle goats, respebtivHigher values of 11.43 and 11.37 g
of milk yield were predicted from alternatives 1da?y respectively. In these alternatives
the information of milk yield was included in thelsction index. Differently from this
result higher genetic gain 0.261809 kg milk yield were predicted in different
alternatives of Kenyan dairy god@dttet al, 2012). However, a very close result with
the range of 0.018.020 kg of genetic gain of milk yield was predettor different
alternatives in a study on Ethiopian Afar shebfirkena et al, 2012). There was a
difference of 4.77 g in genetic gain of milk yidi@tween the alternative with highest
gain and the alternative with the lowest gain ie gresent study. This result indicates
that including milk record in the selection indexwld result the positive genetic gain
but the profit will be minimal. Milk recording atillage level is operationally difficult
and routine milk recording even at monthly intesvas costly. It may be more
appropriate to rely on indirect selection of milleld through associated traits in this
situation.

The genetic gains of kid survival at different sméos ranged between 0.006764% to
0.008517% for Abergelle goat, while it ranged fr@h®18389% to 0.019227% for
Western Lowland goats. In both breeds, the diffeesnof annual genetic gain of kid
survival between different alternatives were vemgaB. This is because of the low
heritability of the trait and low correlation withther traits. Comparable results with the
range of 0.080.007% were predicted from different alternatives Kenyan dairy goat
breeds Bettet al, 2012) and the range of 0.08001% for Ethiopian Afar sheep breed
(Mirkenaet al, 2012).

Very low genetic gains of twining rate were predéittfrom all alternatives for
Western Lowland goats. Even negative gain was predlifrom the alternative 3 and 4
where the twinning information was not includedhe recording scheme. This is due to
the low heritability of the trait and low phenotgpand genetic correlation with other
traits. In addition to this, selection intensity sMmostly derived from the male path of
selection thus the twinning rate performance infation was obtained only from the
dams of young bucks. Since recording of the twigmiate is very simple, it would be
worthwhile to include the information of twinningte in the recording and give more
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weight in breeding goal to avoid the loss of genefiin of twinning rates which was
reported as the most preferred traits in Westemnldwad goat keepers.

Evaluation criteria

Table 6depicts the important evaluation criteria simulatey ZPLAN program. The
selection accuracies of obtained from differentralttives for both breeds were in the
acceptable range 0.481 to 0.512. Relatively higleceuracy of selection 0.504 and 0.512
were obtained from Alternative 1 (all traits inesgion index) for Abergelle goats and
Western Lowland goats, respectively. This refledsthe information source increased
in the selection criteria the accuracy also inada3 he annual monetary genetic gains
ranged between 16.42 to 17.57 Euro/doe for Aberggibats from the different
alternatives whereas 25.96 to 26.06 Euro were gieiifor western Lowland goats. As
the difference between the schemes was only byingthe information source in the
selection index, there was no difference betweendifferent alternatives in selection
intensity and generation interval within the santeed. The differences of those
parameters between the two breeds were connectédthvé difference of population
size of the breeding does and the difference irodgctive performance of the breeds in
input parameters. A selection intensity of 1.99 andeneration interval of 2.88 years
were predicted for Abergelle goats while the cqroegling values for Western Lowland
goats were 2.25 and 2.14 years. The discountedt foahd in all alternatives and in
both breeds was very high. It might not be appaiprio compare the alternatives in this
study based on the discounted profit because theoeaic value attached to each trait is
not in the real monitoring term and only additioralst to the normal practice were
considered as the cost. The relative economic weigdsed on farmers’ preference were
assigned as the economic weight. The rate of @uing per generation 0.4% and 1.3%
were calculated for Abergelle and Western Lowlammhtg respectively. The higher
inbreeding rate for Western Lowland goats couldekplained by the small flock size
per household. During the implementation periodréasing the participant farmers
within the village or implementing across villagelection for Western Lowland goat
breeds would be advisable to avoid the problemnloféeding.

Table 6

Important evaluation criteria simulated from differ ent alternative in Abergelle and
Western Lowland goats

Alternative | Criteria Abergelle Western Lowland
1 Accuracy of selection 0.503 0.512
AMGG 17.57 26.06
Discounted profit/doe 138.85 213.29
2 Accuracy of selection 0.504 0.511
AMGG 17.51 26.05
Discounted profit/doe 138.48 212.83
3 Accuracy of selection 0.484 0.511
AMGG 16.58 26.01
Discounted profit/doe 133.24 212.99
4 Accuracy of selection 0.481 0.510
AMGG 16.42 25.93
Discounted profit/doe 132.32 212.41

AMGG: Annual Monitoring Genetic Gain
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CONCLUSION

The community level alternative schemes were desigand predicted for smallholder
goat farmer conditions. Community based breedirmag@am is the breeding program
implemented at the smallholder levels where theastfucture is poor and low input
production system prevails. Therefore, the orgational structure should be simple and
the traits in the recording should also be smalhimber to avoid complexity during
implementation $6lkneret al, 1998;Wurzingeret al, 2008;Gizawet al, 2009). This
study was aimed to see how much genetic gain aodoetc return in aggregate
breeding goals (breeding objectives traits) camghady varying the number of traits at
selection criteria. Even though, relatively higlgain from the alternatives with more
traits in the selection criteria, the magnitudettaf loss in genetic gains and economic
returns from the alternatives with single versugeaminaits in the selection index were
very small. For instance, the difference in anmaahitoring genetic gain between all
traits and one trait alternative for Abergelle goakere 1.154%. This indicates that it is
possible to start a feasible community based bngedith growth only or very few traits
in selection criteria with little loss of genetiaig in breeding goal traits.
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