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ABSTRACT  
One aim was to compare four classes of ewes for test-day milk yield (TDMY). The classes are the 
local Menz breed, the Awassi breed, and their main crossbreds (50 and 75%). Another aim was 
to estimate variance components to facilitate the prediction of breeding values and their 
accuracy. A total of 1040 TDMY records of 211 ewes were used. A univariate repeatability model 
with Legendre polynomial coefficients were used to model lactation curves. The 100% Awassi 
ewes produced significantly (p < 0.05) more milk than the other studied ewe groups within 120 
Days in milk (DIM). The Local ewes produced significantly less than the other groups. Estimates 
of heritability (h2) and repeatability (r) of TDMY were 0.10 ± 0.08 and 0.15 ± 0.03, respectively. 
The genetic variance indicated for TDMY could give a genetic gain in the dissemination 
program if recorded for all ewes at the two centres.
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Introduction

In Ethiopia, there are around 43 million sheep (CSA, 
2021). The sheep are mainly kept by smallholder 
farmers who raise them for meat, wool, and milk 
(Legesse et al., 2008). Sheep production is based on indi-
genous breeds except for crossbreds, mainly Awassi x 
Menz/Wollo crossbreds making up less than 1% of the 
national sheep population (Tibbo, 2006; Getachew 
et al., 2016). The current strategy employed in Ethiopia 
to increase production from sheep is to crossbreed 
locally adapted breeds with exotic breeds of high 
genetic merit, particularly Awassi. The exotic breeds 
are kept at governmental farms, and these have a 
mandate to distribute crossbred rams for communal 
use by farmers (Getachew et al., 2016). In addition, 
some farmers specialize in the production of crossbred 
rams (Gizaw & Getachew, 2009). The Awassi sheep 
breed is known for milk, meat, and wool and has been 
widely spread to many countries (Epstein, 1985; Galal, 
1985; Tzanidakis et al., 2014). In Ethiopia, especially the 
milking ability and meat production potential of 
Awassi are in demand by farmers. Ewe milk is not com-
monly used (Haile et al., 2020), however, milk production 
from sheep is an important trait in rearing of lambs and 

also for human consumption (Galal, 1985; Legesse et al., 
2008; Mirkena et al., 2011; Getachew et al., 2016; 
Mekasha et al., 2016). Thus, there is a demand for 
increased milk production from sheep through genetic 
selection.

The potential for genetic improvement of important 
traits of sheep in a selection program depends on the 
genetic variability, accuracy of the predicted breeding 
value, intensity of selection, and the generation interval. 
Prediction of the breeding value relies on the variance 
components as does the accuracy of the predicted 
breeding value of individuals (Lynch & Walsh, 1998). To 
maximize accuracy, it has become standard to use 
animal models to predict individual breeding values uti-
lizing genetic relationships between animals (Kruuk, 
2004). If repeated observations exist on the same indi-
vidual for the same trait over time, e.g. for milk yield 
then repeatability or random regression models can be 
used in the estimation of variance components and pre-
diction of breeding values (Schaeffer, 2016). In either of 
these models, regressions of the phenotype on orthog-
onal polynomials for DIM can be modeled, the most 
common being Legendre polynomials (Mrode, 2014). 
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Repeatability and random regression models allow ewe 
classes/groups to be evaluated based on any number of 
test-day records during a lactation, and hence all test- 
day information can be used in genetic evaluations. 
One aim of the present study was to compare four 
classes of ewes for their test-day milk yield (TDMY) at 
the governmental sheep farms, utilizing a repeatability 
animal model and pedigree relationship between 
animals. Another aim was to estimate variance com-
ponents in order to predict breeding values for test- 
day milk yield and to calculate associated accuracies 
for the recorded animals and their ancestors, to facilitate 
the possibility to predict breeding value for test-day milk 
yield with such data.

Material and methods

Site and animal management

Data were obtained from two government farms: Debre- 
Berhan Sheep Breeding and Multiplication Center (DB-R) 
and Amed-Guya Sheep Breeding and Multiplication 
Center (AG-R), both located in the central highland of 
the Amhara regional state in Ethiopia (Table 1). These 
governmental sheep farms distribute high-performance 
rams to farmers. Test-day records of ewes were used in 
the study. The flock management is semi-intensive. 
Animals are fed clover, straw, green fodder (during the 
rainy seasons), and concentrates. Ewes are mated 
throughout the year using natural service from about 
12 months of age with a male-to-female ratio around 
1:40–45. Rams are culled after three years of use. No 
artificial insemination has been used in the two flocks.

Data

A total of 1040 test-day (TD) yields from 211 ewes that 
lambed and were milked from 2015 to 2017 were 

included in the study (Table 2). The test-day milk yield 
(TDMY, kg day−1) data used in this study were from 
genetic groups of Menz, Awassi x Menz crossbreds 
(50% and 75% Awassi), and 100% Awassi ewes. Milk pro-
duction was measured on farm by trained local people 
and the first author. Milk measurements started from 
the 7th day after lambing (after the colostral phase). 
On evenings prior to test days, lambs were separated 
from their mothers for 12 h. The next morning, one 
half-udder was hand milked until it felt empty, while 
the other half udder was suckled by the lamb. The 
Weigh-Suckle-Weigh (WSW) method plus hand milking 
was used to measure milk production, recorded accord-
ing to Benchohra et al. (2013). The weight difference of 
the lamb before and after suckling was used to estimate 
the milk suckled by the lamb. Then, TDMY was taken to 
be the sum of that hand milked and that consumed by 
the lamb multiplied by two, following the Method E 
suggested by ICAR (2002). The average number of 
TDMY per lactation per ewe was 5 (ranging from 3 to 17).

The pedigree data included all ewes with recorded 
milk, and their ancestors, if available, up to 5 gener-
ations. Of the observed ewes, 201 had both parents 
known, and 10 had only one parent. The 211 ewes 
were from 51 sires and 196 dams. The total number of 
males and females in the pedigree was 92 and 620, 
respectively.

Statistical analysis
The analysis was performed in three steps. First, the var-
iance components for TDMY were estimated using 
ASReml, version 4.1 (Gilmour et al., 2015). Then, the esti-
mates of variance components were used in our R pro-
grams to estimate contrasts between genetic groups 
and their confidence intervals. Finally, R was used to cal-
culate breeding values and associated accuracies.

Lactation curve

To model the effect of the lactation curve for each 
genetic group, regression coefficients for Legendre Poly-
nomials (LP) were calculated according to Schaeffer 
(2016) by use of R programming (R Core Team, 2018). 
First, days in milk (DIM), with DIMmin =  7 and DIMmax =  

Table 1. Characteristics of the two governmental farms located 
in the central highlands of Ethiopia.

Characteristic

Governmental farma

DB-R AG-R

Distance from Addis-Ababa 125 km 282 km
Altitude (m.a.s.l)b 2780 1680–3600
Latitude and longitude 9°36 N–39°38 E 10°28 N–39°5E
Rainfall (mm per year) 920 800–1600
Rainy season, patternc June–September,  

bi-modal
June–September,  

bi-modal
Temperatured 8.2–18.6°C 8–18°C
aDB-R = Debre-Berhan Sheep Breeding and Multiplication Center; AG-R =  

Amed-Guya Sheep Breeding and Multiplication Center. 
bm.a.s.l. = meters above sea level. 
cJune to September is the main rainy season. A weaker and unreliable 

second rainy season occurs from February to March (Getachew, 2015). 
dAverage minimum and maximum per day in a year.

Table 2. Number of ewes with test-day milk yield (TDMY) 
records and number of records in each genetic group.
Genetic group No. of ewes No. of records

0% Awassi (100% Menz) 28 107
50% Awassi 125 579
75% Awassi 37 183
100% Awassi 21 171
Total 211 1040
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127, were transformed to a normalized scale using: 
t = − 1+ 2(DIM − DIMmin)/(DIMmax − DIMmin). Then, the 
coefficients of the LP were obtained for each test-day 
observation as: ϕ0 = 0.7071, ϕ1 = 1.2247t, ϕ2 = −0.7906  
+ 2.3717t2, and ϕ3 = −2.8062t + 4.6771t3.

Breed composition and heterosis effect

Breed composition of each ewe as either Menz or Awassi 
was derived, with the percentage of the Awassi breed of 
ewe i calculated as:

pAi = 0.5( pASi + pADi) 

where pAi is the calculated percentage of the Awassi 
breed of ewe i; pASi and pADi are, respectively, the 
percent of the Awassi breed of the sire (S) and dam (D) 
of ewe i. Calculation of the Menz proportion may be 
done likewise, or as:

pMi = 1 − pAi 

since only two breeds were considered.
Then, retained heterozygosity (Hi) in each crossbred 

ewe (i) was calculated using the following equation 
(Dickerson, 1973):

Hi = 1 − ( pMSi∗pMDi + pASi∗pADi) 

where pMSi and pMDi represent the proportions of Menz 
in the sire and dam of animal i (Bourdon, 1999).

Estimation of variance components and genetic 
parameters

Variance components for additive genetic(s2
a), perma-

nent environmental(s2
pe), and residual(s2

e ) effects of 
TDMY were estimated by restricted maximum likelihood. 
They were used to obtain the phenotypic variance-
(s2

y = s2
a + s2

pe + s2
e ), heritability (h2 = s2

a/s2
y ), and 

repeatability (r = (s2
a + s2

pe)/s2
y ). Likelihood ratio 

testing (e.g. Wilson et al., 2010) was carried out to test 
for significance of the variance components. The full 
model contained all three variance components, while 
the reduced models excluding the additive genetics, or 
only contained the random error term. The heritability 
for the average TDMY based on n records was computed 
with the following formula: h2

y̅ = nh2/[1+ (n − 1) r] 
(Bourdon, 1999).

Models
After excluding non-significant fixed effects of birth type 
(single, multiple), farm (DB-R, AG-R), heterozygosity (0, 
0.5, and 1, as a regression) and sex of lamb (male, 
female, others), while keeping parity for biological 
reasons (even though it was not significant), the data 

were analyzed with the following model:

y=Xb+Za+Wpe+e 

where y is the vector of TDMY; b is a vector of fixed 
regression coefficients for: DIM (7–127) of 3rd order (k  
= 0, 1, 2, 3) of LP within the 4 genetic groups: Menz 
(0% Awassi), 50% Awassi, 75% Awassi and 100% 
Awassi (g = 1, 2, 3, 4); and fixed effects of 3 parities 
(first, second, later) and 3 seasons of lambing (long 
rainy, dry, short rainy); X is a design matrix assigning 
fixed effects to the observations, including information 
on parity of ewes, season of lambing, and Legendre 
transformed functions of day of lactation for the obser-
vation within genetic group (ϕk(t)); a is a vector of addi-
tive genetic effects for all individuals in the pedigree; pe 
is a vector of ewe permanent environmental effects; Z 
and W are matrices linking the random additive 
genetic (a) and random permanent environmental ewe 
(pe) effects to the observations y; and e is the vector 
of random residual effects associated with y.

Reduced models that excluded a and pe were also run.
Random effects were assumed normally distributed 

with zero means and the following covariance struc-
tures:

Var(a) = s2
a A = G 

Var(pe) = s2
peI pe = P 

Var(e) = s2
e Ie = R 

and so

Cov(y, y′) = V = ZGZ′ +WPW′ + R 

Above, A is the additive relationship matrix between the 
individuals included in the pedigree, I pe represents an 
identity matrix of dimension equal to the number of 
observed ewes, and Ie is an identity matrix of dimension 
equal to number of observations.

R programs were used to calculate Least-Squares 
Means (LSM) and to plot lactation curves for TDMY 
using the estimated variance components from the full 
model. The b values were estimated with: b =  (X’ V−1 

X)−1 X’ V−1 y, where b̂ is a 20*1 vector including 4*4  
= 16 b̂, to establish the form of the lactation curves 
within the 4 genotypes, in addition to 2 estimated 
fixed effects of parity and 2 for season of lambing (the 
third levels of parity and season were omitted to get 
consistent estimates). Variance of this estimator is: var 
(b̂) = (X’ V−1 X)−1, and it was estimated by replacing 
the true variance components in V with their estimates.

ACTA AGRICULTURAE SCANDINAVICA, SECTION A — ANIMAL SCIENCE 3



Calculation of estimated averages of TDMY for 
genetic groups

For genetic group g = 1, 2, 3, and 4, LSM yields over lac-
tation days DIM = 1, 2, … , 120 (the interval with positive 
ỹgvalues for all groups), making up the lactation curve, 
were computed with: ỹg = Lg b̂, where Lg is a 120*20 
matrix with ϕ0, ϕ1, ϕ2 and ϕ3 for each of the 120 days 
in the genetic group g’s positions of the matrix X, and 
0 for the other groups, and averaging the main effects 
of parity and season of lambing. This means that the 
ỹg is a vector with 120 estimated TDMY LSM values for 
group g.

The LSM average daily milk yield for a ewe in genetic 
group g over the 120 first days of lactation was calcu-
lated as follows:

ỹg =
1

120

120

DIM=1

ỹg(DIM) = k′ Lgb̂ 

where k is a vector with 120 equal elements: 

k′ =
1

120
,

1
120

, . . . ,
1

120

 

.

Testing differences between genetic groups of 
ewes

LSM differences between genetic groups (g = 1 vs. 2, for 
example) of ewes over the first 120 days of lactation 
were found as:

Lb̂12 = ỹ1 − ỹ2 = k′ L1b̂ − k′ L2b̂ = k′ (L1 − L2)b̂ 

The corresponding variance of the difference between 
the average daily milk yield for genetic groups 1 and 2 
in the first 120 days was calculated as:

var(ỹ1 − ỹ2) = var(Lb̂12) = k′(L1 − L2) var(b̂) (L1 − L2)′ k

= SE2
12 

A similar procedure was followed for the other groups 
and time periods. Above, SE12 is the standard error of the 
estimated difference. A 95% confidence interval for the 
difference was calculated using a t-distribution with 
the number of ewes as degrees of freedom:

Lb̂12 + 1.987∗SE12 

Similar confidence intervals were calculated for all the 
estimated differences, replacing SE12 with the relevant 
standard errors in each case. LSM differences between 
genetic groups were taken as non-significant at a 5% 
level if their confidence interval included 0.

Estimated breeding value

The estimated breeding value (EBV) over the 120 days 
were for each animal calculated as the sum of the 
average daily milk yield for a ewe in genetic group g 
of the relevant animal and the corresponding predicted 
individual additive genetic effects of animal i (â i) as:

EBVi = ỹg + â i 

Determination of accuracy of estimated breeding 
value

Accuracy of the estimated breeding value was calculated 
considering only the random part of the EBV, i.e. âi. This 
is in accordance with Henderson (1984) and known as 
the correlation between the predicted (âi) and true (ai) 
additive breeding value for an individual i:

rai ,âi =

�������������

1 −
C22ii

Gii

 

where C22ii is the diagonal element for individual i from 
the inverse left-hand side of the Mixed Model Equation, 
and Gii is the diagonal element in G for individual i.

Results

The likelihood-test statistics from inclusion of the perma-
nent environmental effect over that of the environ-
mental was 20.36, which is χ2 distributed with 1 
degree of freedom (p < 0.00001). The estimates of var-
iance components and genetic parameters from a 
model with the permanent environmental, and from 
one that additionally models the additive genetic 
effect (a) are given in Table 3. In both models, the 
repeatability was of similar size (∼ 0.15). However, in 
the full model, the standard error of the permanent 
environmental variance estimate increased considerably 
and for the additive genetic variance the standard error 
in this model was large (relative to the estimate). The 
additive genetic variance estimate of 0.016 kg2 had a 

Table 3. Estimated variance components and genetic 
parameters (± SE), for test-day milk yield (kg day−1) obtained 
with statistical models with or without additive genetic effect a.

Parameter

Estimate ± SE

With a Without a

Additive genetic variance (s2
a) 0.016 ± 0.013 –

Permanent environmental variance (s2
pe) 0.009 ± 0.012 0.024 ± 0.005

Residual variance (s2
e ) 0.139 ± 0.007 0.140 ± 0.007

Phenotypic variance (s2
y ) 0.164 ± 0.007 0.164 ± 0.008

Heritability (h2) 0.096 ± 0.078 –
Repeatability (r) 0.148 ± 0.031 0.145 ± 0.030

Note: With a: h2 = s2
a/s2

y , r = (s2
a + s2

pe)/s2
y ; without a: r = s2

pe/s2
y .
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standard error of 0.013. For the full model heritability for 
TDMY was estimated as 0.10, with a standard error of 
0.08. The heritability estimates for single observations 
translated into an estimate of 0.31 (h2

y̅ ) for an average 
TDMY based on the mean of 5 observations per ewe.

TDMY LSM for the genetic groups for 120 DIM were 
0.81, 1.02, 1.06, and 1.69 kg day−1 for 0% Awassi, 50% 
Awassi, 75% Awassi, and 100% Awassi ewes, respectively 
(Table 4). The 100% Awassi ewes produced better (p <  
0.05) than the other groups of ewes, whereas the 
Menz (0% Awassi) ewes produced significantly less 
than the others. The LSM values for 50% and 75% 
Awassi ewes were quite similar and not significantly 
different. The contrasts between the genetic groups 
can also be visualized through the fitted lactation 
curves, given in Figure 1. The lactation curve for the 
0% Awassi lay consistently below the others, while the 
curves for 50% and 75% Awassi overlapped. Relative to 

the others, the 100% Awassi group started out with 
especially high values in early lactation and lay consist-
ently over the others throughout the 120 DIM.

Ranges of estimated breeding values for ewes with 
TDMY records and their sires are given in Table 5. 
The table values show that the EBV’s were mainly deter-
mined by ỹg, but with individual variation due to the âi 

term. In ewes the largest individual range was for 100% 
Awassi, followed by the two crossbred Awassi groups, 
and least range was calculated for Menz. The larger 
ranges for the Awassi groups reflect also the accuracy 
of the estimated breeding value (rai ,âi ) of ewes, being 
on average largest in the 100% Awassi group, and 
least in Menz (Table 6). The largest individual accuracy 
was, however, found among the sires, due to sires 
being progeny tested with up to 43 offspring in the data.

Discussion

In the two farms studied, the average TDMY over 120 
DIM was higher for Menz (0.81 kg day−1) than the corre-
sponding result earlier obtained in the farmers’ environ-
ment by Haile et al. (2020) (0.56 kg day−1). This indicates 
a more intensive environment at the two governmental 
farms than in the field. The 100% Awassi produced 
1.69 kg day−1, more than double of that of the Menz 
and significantly more than the other groups. Not only 
did the two crossbred ewe groups produce between 
the Menz and the purebred Awassi, as also was obtained 

Table 4. Least-squares means (LSM) of average test-day milk 
yield (kg day−1) over 120 days in milk in each genetic group 
of ewes and estimated contrasts between groups. All 
estimates are given with standard error (SE).

Genetic group LSM ± SE

LSM contrasts ± SE

50% Awassi 75% Awassi Awassi

0% Awassi 0.81 ± 0.03 0.22 ± 0.04* 0.25 ± 0.04* 0.88 ± 0.05*
50% Awassi 1.02 ± 0.02 0.04 ± 0.03 0.67 ± 0.04*
75% Awassi 1.06 ± 0.03 0.63 ± 0.04*
Awassi 1.69 ± 0.04

*p < 0.05.

Figure 1. Observed test-day milk yields (TDMY, kgday−1) and fitted lactation curves for each genetic group.
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for the two intermediate Awassi groups by Haile et al. 
(2020), but the 100% Awassi now stood out with 
increased production in the improved environment. 
This resulted in a significant higher production com-
pared to the other groups, despite only 21 ewes being 
purebred. Moreover, the larger number of ewes in the 
intermediate Awassi groups (125 and 37) relative to 
that of Haile et al. (2020) (both 19) together with the 
increased number of ewes (211 vs. 115) and records 
(1040 vs. 466), approximately halved the standard error 
of LSM contrasts and improved the power of detecting 
significant differences between the genetic groups in 
the present paper.

Inclusion of the LP as fixed effects in the genetic 
evaluation model allowed to estimate the trajectory of 
the lactation curves (Figure 1). For all genetic groups, 
these curves were continuously decreasing from the 
start of lactation, in agreement with the result of Haile 
et al. (2020). Moreover, the trajectory of the curves indi-
cated shorter length of lactation (ỹg close to 0 for Menz 
at 120 DIM) for Menz than for the three Awassi groups. In 
consequence, the comparison of genetic groups done 
here on the average yields for 120 DIM favored the 
Menz ewes. Thus, the yield advantage of the three 
Awassi groups would have been even larger if compari-
son had included more than 120 DIM, which is con-
sidered as standard lactation length for many sheep 
breeds (Berger et al., 2010; Tzanidakis et al., 2014).

The three variance components for additive genetic, 
permanent environment and error for TDMY summarize 
the variance along the curve into only one parameter for 

each, the same for all genetic groups and individual 
ewes (s2

a, s 2
pe and s2

e , respectively). From these variance 
components, the repeatability and heritability of TDMY 
were estimated to be 0.15 ± 0.03 and 0.10 ± 0.08, 
respectively. The repeatability denotes the upper limit 
of the heritability (Falconer & Mackay, 1996) and was 
estimated with a small standard error (irrespective of 
model), while the standard error for the heritability 
was close to as large as the estimate. When both 
genetic additive and permanent environment were 
included in the model, the permanent environmental 
effect was estimated with a much larger standard error 
than when a model not including the additive genetic 
was run. This indicates that there exists limited infor-
mation in the data to separate these two effects. This 
could be due to the limited quality of the pedigree 
relationships, i.e. both depth and relationships 
between the sampled animals, and due to the limited 
size of the data set. Our estimates were considerably 
smaller than comparable estimates of repeatability and 
heritability, e.g. the 0.39 and 0.28 obtained by Bauer 
et al. (2012) and the corresponding estimates of 0.40 
and 0.15 reported by Othmane et al. (2002). Bauer 
et al. (2012) found the flock-test day effect to be the 
most important systematic environmental factor in 
their data, whereas we in the present data considered 
to have too few observations per test day for this 
effect to be included in the model. If accounted for, it 
could have reduced the error variance and increased 
both our repeatability and heritability estimates.

Breeding values and their accuracies were calculated 
assuming the estimated variance components were the 
true values. For the ewes in the 100% Awassi group, the 
estimated breeding values had the largest range and 
mean accuracy, which is beneficial because this group 
is the one to be multiplied, contributing the most, also 
through the 50 and 75% Awassi ewes. The ram lambs 
in the two latter groups are the product for distribution 
from the station to farmers. Currently rams are selected 
for the field by mass selection based on own weight. 
These rams could also be selected based on breeding 
values for milk yield. This would require recording milk 
yield on ewes in the centers and to include the young 
ram selection candidates in an expanded relationship 
matrix A. With such a breeding scheme the accuracy of 
selection from only including the average 5 records of 
the animals’ own mother would become 0.27 
( = 0.5

√
h2

y̅ ), using selection index theory, see e.g. 
Bourdon (1999), and become marginally higher by 
including information on more distant relatives, e.g. 
that from aunts. However, accuracy could increase if 
actions could be taken to increase the size of the 
genetic parameters. For example, assuming the 

Table 5. Number of individuals in each genetic group and 
corresponding minimum and maximum estimates of breeding 
values (EBV, kgday−1) for test-day milk yield (sum of average 
genetic group effect for an individual over 120 days in milk 
and individual animal genetic effect).

Genetic group

Observed ewes Sires of observed ewes

N Min Max N Min Max

0% Awassi 28 0.60 1.08 9 0.61 1.09
50% Awassi 125 0.76 1.39 6 1.01 1.18
75% Awassi 37 0.79 1.43 – – –
100% Awassi 21 1.39 2.17 36 1.55 1.97

Table 6. Mean, minimum and maximum accuracy of estimated 
breeding values for test-day milk yield in each genetic group of 
ewes and sires of ewes.

Genetic 
group

Observed ewes Sires of observed ewes

Mean 
(%)

Min 
(%)

Max 
(%)

Mean 
(%)

Min 
(%)

Max 
(%)

0% Awassi 48.7 33.3 57.8 51.8 40.7 63.7
50% Awassi 55.3 40.5 65.9 55.7 41.4 66.7
75% Awassi 55.3 42.3 64.9 – – –
100% 

Awassi
60.0 50.7 68.6 49.4 26.8 71.6a

6 H. W. GEBRESLASE ET AL.



heritability (h2) and repeatability (r) values of Bauer et al. 
(2012) for the same 5 records would result in an accuracy 
of 0.37. Including additional information through geno-
typing would have the potential to further increase the 
accuracy. Selection within the purebred groups in the 
centers (with more than 3000 sheep in each of the 
two), both 100% Awassi and Menz, could also be 
based on the same TDMY information. However, con-
sideration needs to be taken for rate of inbreeding 
since both groups can be considered closed.

Recipients of the 50% and 75% Awassi rams distribu-
ted to farmers locally organized as cooperative breeding 
groups (as given in Gizaw & Getachew, 2009) through 
the Community-Based sheep Breeding Program (CBBP) 
in the central highland of Ethiopia. These groups 
consist of 6–12 (sometimes more) farmers, and the 
rams are rotated across farmers and groups. Each third 
year, the ram is replaced with another ram from one of 
the governmental farms. Recently, Haile et al. (2020) 
have shown 30–50% Awassi ewes to produce best in 
the local villages. Thus, there is a need to disseminate 
rams from the governmental farms with a variable 
blood level (25–75%). An alternative would be to 
produce 25–50% Awassi rams locally, a development 
that anyhow seems to be practiced. Locally, in the vil-
lages, the ram lambs could, in the future, be selected 
on estimated breeding values given that herd recording 
became established and one was able to keep track of 
the genetic relationships between animals (could well 
be determined by the use of genetic markers in 
future). This would be pivotal in developing a breeding 
scheme relying on utilizing data from the field. By carry-
ing out breeding value estimation, for example with var-
iants of the model presented in this paper, a synthetic 
population could be established, converging toward 
the Awassi percentage favorable in the field. In the 
future, traits to be recorded should not be restricted to 
TDMY but also include growth, milk quality, survival, 
and wool traits. Such a development would be one in 
which the vision is that Ethiopia can utilize its own 
genetic resources and improve them through genetic 
selection over time. This would build infrastructure and 
contribute to increased knowledge that is essential for 
an efficient national sheep production.

Conclusion

The genetic advantage of an increased Awassi percentage 
for milk yield was larger at the two multiplication centers 
than under field conditions, i.e. for an improved environ-
ment. Moreover, the advantage of Awassi would increase 
if the comparison had been done over more than 120 
DIM. An exploitable amount of genetic variance was 

indicated for TDMY. If information were recorded for all 
ewes at the two centers, preferably with higher heritabil-
ity values than in the current study, there is potential for 
the dissemination program to considerably increase 
selection accuracy and genetic gain also for TDMY.
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