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Preface

The livestock research directorate is one of the six research directorates in the Amhara
Agricultural Research Institute. The directorate is conducting livestock research activities to
solve the major livestock production constraints in the region. The research activities have both
a basic and applied nature, with the latter having the lion's share of all activities. The directorate
had a ten-year strategic plan on which the research activities are geared towards achieving the
goals in the plan. However, preparing a research proposal, conducting research, and finalizing
an experiment are not an end to any research process. The collected data and the analysis results
have to be written in the form of a scientific paper and have to be published. It is through
publishing that the findings of any research activity can be communicated to the end-user.
Unless the results are published, the efforts made and money invested in conducting the
experiments will be a loss. The contents of this proceeding are papers presented in our annual
regional completed research activities review forum. In this proceeding, several research results
that are very relevant to end-users are compiled in the area of animal production, animal
breeding, feeds and nutrition, animal health, apiculture, poultry, and fishery. | hope the research
results published in this proceeding will contribute to the development of the livestock sector in
the region in particular and in the country at large. The papers in this proceeding will also have
an impact on modernizing the traditional livestock production system in our region. In addition,
the contents of this proceeding will also be important reference material for researchers,
university students and instructors, investors, and development workers. Finally, | would like to
thank those researchers and their assistants who contributed and shared their research results to
be published in this proceeding. My special thanks also go to the reviewers for their unreserved
contribution in reviewing the articles and the editors who edited the proceeding. In addition, |
would like to thank ARARI for covering the cost associated with the reviewing of the papers,
editing of the proceedings, and printing. On this occasion, | would like to remind our
researchers to publish their research findings in time with the required quality in peer reviewed

journals.

Getnet Zeleke (PhD)
Director, Livestock Research Directorate
Amhara Agricultural Research Institute, Bahir Dar, Ethiopia

vii
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Effect of improved feeding practice on weaning weight and age of Fogera calves at Andassa
Livestock Research Center, Amhara Region, Ethiopia

Addisu Bitew’, Mulugeta Meseret, Mulat Lakew, Eyasu Lakew, Demelash Kasahun, Tewodros
Bimerew and Assemu Tesfa
Andassa Livestock Research Center, Amhara Agricultural Research Institute, Bahir Dar, Ethiopia

" Corresponding Author: addbitew@gmail.com

ABSTRACT

The study was conducted with the objective of evaluating the effect of improved feeding practice
on weaning weight and age of Fogera calves kept at Andassa Livestock Research Center. A total of
52 Fogera calves born from September 2020 to March 2021 were randomly assigned to three feed
treatments; 1, Grazing plus Grass hay; 2, Grazing and improved forage plus noug seed cake and 3,
Grazing and concentrate feed. New born calves stayed with their dams at maternity pen and have
free access to suckle their dams for the first four days so that they consume colostrum. They were
then separated from their dams and allowed to suckle at milking times until weaning. Calves
returned from grazing at mid-day were separated into their respective feeding groups. Calves had
access to get tap water from the watering trough at the barn and occasionally from Andassa river.
Disease control and prevention scheme was being carried out and sick calves were kept in isolation
room and treated accordingly. Results of the study showed, calves fed concentrate had attained the
planned 100 kgs weaning weight at significantly (p<0.01) shorter age than other treatment groups.
Weaning age of concentrate fed calves has reduced by thirty and forty-eight days compared to
improved forages and grass hay fed calves, respectively. Concentrate fed calves had significantly
higher (p<0.01) feed intake compared to other feed treatments from three months of age until
weaning. Based on the results of the study it is recommended that calves should be fed good
quality concentrate feed to promote early solid feed intake, increase preweaning growth and reduce
weaning age.

Key words: Fogera calves, growth rate, improved feeding, weaning age, weight gain
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INTRODUCTION

Livestock are an integral part of farming system in most parts of the world. Ethiopia is an
agriculture based and densely populated developing country where most of the people are
dependent for their livelihood mainly on crop and livestock farming (Amare B. et.al., 2019). Cattle
production plays an important role in the economies of farmers and pastoralists and the country at
large (Kebamo et.al, 2019).

Calf rearing is one of the most important and sensitive management plans in dairy cattle production
systems. Dairy calves are born as pseudo-monogastric with a non-functional rumen and they
initially rely on milk to receive their required energy for maintenance and growth (Baldwin et al.
2004). Dairy calves are usually fed restricted daily amounts of milk (about 10% of their body
weight) along with ad libitum starter feed to promote early solid intake and accelerate rumen
development. Encouraging consumption of starter feed at a young age also helps prepare the calf’s
digestive system for the transition from a liquid diet to a dry diet during the weaning period.
Consuming dry feed prior to weaning also helps minimizes nutritional stress during that time. A
sustainable and effective dry feed is one with an adequate crude protein. According to NRC
(2001), the crude protein content for calf starter diet is 18% on a dry matter basis and
metabolizable energy value of three Mcal/kg of DM. Traditionally, weaning period take a long
about 10 months when calves are reared with their dams. Time of weaning is a significant point in
dairy calf rearing and weaning age can influence calf performance and health parameters directly.
Average weaning period for Fogera calves at Andassa livestock research center (ALRC) is about
eight months, and at this age recorded weaning weight were 99.9 kg (Asheber, 1992), 100.9 kg
(Gidey, 2001) and 102.2 kg (Asemu, 2017). Good calf rearing strategy through supplementation
with other feeds so as to wean the calves at an early age will have effect on on-set and intensity of
post parturient oestrus resulting in an increase of the calf crop yield through reduction of calving
interval (Addisu and Hegde, 2003). Improving the feeding practice of Fogera calves is crucial to
increase their preweaning growth rate which creates the opportunity for early weaning. Therefore,

the objectives of this study were to improve growth rate, weaning weight, and weaning age of
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Fogera calves through improved feeding practice and to evaluate the economic feasibility of feed
supplementation on growth and weaning age of calves.

MATERIALS AND METHODS

Study area

The study was conducted at the Andassa Livestock Research Center of the Amhara Region
Agricultural Research Institute, which is 1730 m above sea level in the Bahir Dar Zuria (11°'42'—
11°92' N, 37°07'-37°65' E) district of the Ambhara region. It receives an average annual rainfall of
1150 mm, and temperatures range from 6.5 to 30 ‘C (Shigdaf et al., 2020). The soil is dominantly
characterized by dark clay soil, which is seasonally water logged in the rainy season and cracked
when dry. The dominant grass vegetation of the area includes Cynodon, Hyperhenia, Andropogon,

Paspalum, Cetaria, Elusin, Eragrostis, Sporobulus and Trifolium species (Yihalem, 2005).

Calf management

New born calves stayed with their dams at maternity pen and have free access to suckle their dams
for the first four days so that they consume colostrum. They were then separated from their dams
and allowed to suckle at milking times until weaning. Calves from all treatment groups stayed
around their calf pen until three months of age and allowed for grazing thereafter in the morning.
Calves grazed four hours/day starting 8:00 am to 12:00 am and separated into their respective
feeding groups. Calves had access to tap water on the watering trough and occasionally from
Andassa river when tap water was not available. Similar to the whole herd, disease control and
prevention scheme was being carried out. Sick calves were kept in isolation room and treated
accordingly. Improved forage (Napier grass and desmodium) was developed at ALRC forage
development site and concentrate feed was prepared at ALRC feed mill. The concentrate feed
composed feed ingredients; ground maize (48%), wheat bran (23%), noug seed cake (28%),
limestone (0.75%) and salt (0.25%).
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Table 1. Nutrient composition of feed ingredients (dry matter basis)

Ingredients Nutrients (% DM)

DM CP ME Mcal/kg NDF ADF ADL
Noug seed cake 91.5 33.1 2.34 35.3 27.8 10.6
Wheat bran 89.4 17.6 2.50 35.8 11 2.5
Maize 90.4 10.2 3.14 11.7 3.6 0.5
Grass hay 87.8 4.20 1.92 74.2 51.2 7.6
Napier grass 17.9 9.20 1.74 62.6 45.1 8.3
Desmodium 24.2 15.5 2.01 51.4 37.1 9.1

DM = dry matter; CP = Crude protein; ME = Metabolizable Energy; NDF = Neutral detergent
fiber; ADF = Acid detergent fiber; ADL = Acid detergent Lignin

Note:- the DM content of Napier grass and Desmodium is as fed basis

The concentrate feed composed 18.2% CP and 2.73 Mcal/kg metabolizable energy. Mixture of
Napier grass (70%) and desmodium (30%) plus noug seed cake composed 18.7% CP and 2.21
Mcal/kg metabolizable energy. The nutrient composition of the concentrate feed ingredients was
referred from the report of Kegne et al (2021), grass hay and Napier grass from Shigdaf et al
(2020) and desmodium from feedipedia (2020) (Table 1).

Experimental design and treatments

Experimental calves were randomly assigned to three treatment group; T1, control (Grazing +
Grass hay); T2, Grazing + improved forage plus noug cake and T3, Grazing + concentrate.

The model used was: -.

Y = W+d+a+daj+error
ijk ijk

Where: - Y is feed intake, weight gains and weaning age; W is the common mean; d; is the effect
ij

of the i" diet; a; is the effect of the j™ age category (for feed intake only); dajj is the interaction
effect of the i" diet and " age category; error is the residual error

Data collection and statistical analysis: -

Data on birth weight, weight at different ages, ages at weaning and feed intake (feed offered minus

refusal) were collected for calves born from September 2020 to March 2021. The daily average
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feed intake for each feeding group was calculated by dividing the group feed intake by the number
of calves in the group. The collected data entered and managed with Excel and subjected to
analysis of variance using the General Linear Model (GLM) procedure of SPSS, version 25.
Pearson correlation was calculated between weight at different ages of calves and dams milk yield.
Tukey multiple comparisons was used to test differences between observed means. Partial budget
analysis was conducted to select cost-effective feeding technology among the three feed

treatments.

Grass hay fed calves had the longest weaning age in this study and hence calves weaning weights
of improved forage and concentrate fed calves were adjusted to the weaning age of grass hay fed
calves using their respective weight gains to compare them at similar weaning age. The amount of
feed each calf consumed during the experimental period multiplied by the estimated market price
of the feed was used to calculate costs of feed. The estimated market price for hay was 4.50
ETB/kg, improved forage 5.00 ETB/kg, noug cake 20.00 ETB/kg and 15.00 ETB/kg of concentrate
feed. Costs of labor for each calf was calculated from the actual cost of daily laborers employed for
managing the calves during the entire experimental period. Estimated selling price of 300.00

Birr/kg of live body weight was used to compute the partial budget analysis.

RESULT AND DISCUSSION

Growth of Fogera calves from birth to weaning and weaning age

Growth of Fogera calves from birth to weaning and their corresponding weaning age is shown in
table 2. Growth of calves had significant variation at three (p <0.05) and six (p <0.01) months of
age. At six months, concentrate fed calves were significantly (p <0.01) heavier than other treatment
groups. Concentrate fed calves on average were 12.2kg and 13.2kg heavier than improved forage
and grass hay fed calves respectively at six months of age, which showed preweaning growth of
calves could be improved by concentrate feed supplementation. Concentrate fed calves had
attained the planned 100 kgs weaning weight at significantly (p <0.01) shorter age (7.24 months)
than improved forage (8.23 months) and grass hay (8.83 months) fed calves. Weaning age of

concentrate fed calves has reduced by thirty and forty-eight days compared to improved forage and



Proceedings of the 15th Annual Regional Conference on Completed Livestock Research Activities 2 0 2 3

grass hay fed calves, respectively. Kassahun et al (2021) had reported birth weight of 21.3 kgs and
weaning weight of 98 kgs at eight months of age for Fogera calves at Andassa Livestock Research
Center. The grand mean body weight gain (Table 3) per day of calves showed a decreasing pattern
from birth (0.37kg) to weaning age (0.27kg).

Table 2. Weight (kg) of calves from birth to weaning and weaning age of calves(months)

Variables No. Birth One Three Six At Age at
month months months weaning  weaning

Overall mean 52 21.0+0.41 33.8+0.67 54.1+1.05 83.2+1.65 100.1+0.7 8.10+0.17
Grass hay 19 20.8+0.67 33.0+1.11 50.5°+1.73 78.5°+2.73 99.4+1.18 8.83*+0.28
Improved 17 21.10.71 33.4+1.18 55.3*°+1.83 79.5°+2.89 99.5+1.24 8.23%+0.29
forage
Concentrate 16 21.240.73 34.9+1.21 56.7°+1.88 91.7°+2.97 101.4+1.28 7.24°+0.30
Sig. 0.896 0.469 0.044 0.003 0.444 0.001

Means within column with different superscripts are significantly different; * = significant at P <
0.05, ** =p < 0.01

Table 3. Weight Gain per day (kg) of calves at different ages

Variables No. Birth to three Three to six Six to weaning
months months age
Grand mean 52 0.37 0.32 0.27
Grass hay 19 0.33 0.31 0.25
Improved forage + Noug cake 17 0.38 0.27 0.29
Concentrate 16 0.39 0.39 0.26

Correlation between growth of calves and their dam’s milk yield is presented in Table 4. Growth of
calves had significant (p<0.01) correlation (0.46) with milk yield of dams until six months of age
which implied weaning of calves could be practiced at six months age. The decreased milk yield

(1.58 liters/day) of dams at late lactation stage had no significant contribution to the growth of
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calves implying that the requirements of nutrients for maintenance and growth were met from
grazing and supplementary feeding.

Table 4. Correlation between growth of calves and dam’s milk yield

Variables 100 Days Milk yield 200 Days Milk yield 300 Days Milk yield
One month weight 0.46** 0.30"° 0.62**
Three months weight 0.55** 0.56** 0.82**
Six months weight 0.48** 0.46** 0.70**
Weaning weight 0.09"® 0.14° 0.20"°

Correlation significant at ** p < 0.01, NS= Not significant
Feed intake and nutrient requirements of calves
Daily dry matter feed intake of calves varied based on feed types, age categories and interaction of

feed types by age categories (Table 5).

Table 5. Average daily dry matter feed intake of calves (kg)

Variables (N= 52) Mean + SE
Feed types 0.003

Grass hay 0.48" +0.01
Improved forage + NC 0.51° £ 0.01
Concentrate 0.60% +0.01
Age categories 0.001

Up to one month 0.14° £ 0.02
One to three months 0.27°+0.01
Three to six months 0.57°+0.01
Six to weaning age 1.24% +0.02
feed types by age categories 0.001

One to three months (Improved forage + Noug cake) 0.26 £ 0.03
One to three months (Concentrate) 0.29 £0.02
Three to six months (Grass hay) 0.41°+ 0.03
Three to six months (Improved forage + Noug cake) 0.51° +0.02
Three to six months (Concentrate) 0.62% +0.02
Six to weaning age (Grass hay) 0.55°+ 0.03
Six to weaning age (Improved forage + Noug cake) 1.13° £ 0.02
Six to weaning age (Concentrate) 1.36% + 0.03

Means in the same column with different superscripts are significantly different; ** = significant at
P<0.01
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Results of this study showed at the age of three months average weight for improved forage fed
calves was 55.3kg (Table 2) with daily weight gain of 380 g/day and concentrate fed calves
weighed 56.7kg with daily weight gain of 390 g/day (Table 3). Calves at three months of age
consumed on average 2.14 liters of milk per day based on farm milk records which contained
0.26kg dry matter. The dry matter content of the milk was referred from (Addisu et al, 2020) in a
study of milk yield and composition of Fogera cows fed with Napier grass and concentrate feed at
Andassa livestock research center. In this study the total solids of milk were 12% and was analyzed
using lacto scan milk analyzer. Thus, improved forage plus noug seed cake fed calves consumed
0.26kg from milk plus 0.26kg from treatment feed with a total of 0.52 kg dry matter. Concentrate
fed calves consumed 0.26kg from milk plus 0.29kg from treatment feed with a total of 0.55 kg dry
matter which is below compared to 0.76kg (NRC, 2001) daily dry matter requirement of 50kg calf
gaining 400 g/day.

Based on NRC (2001), whole milk contains 25.4 CP (% of DM). Thus, the daily 66g CP intake
from 0.26kg dry matter milk plus 49g from treatment feed totals 115g CP for maintenance of
55.3kg with weight gain of 380 g/day for calves fed improved forage plus noug seed cake at three
months of age which is below compared to the NRC (2001) daily 154g CP maintenance
requirement of 50kg calf with weight gain of 400 g/day. Based on NRC (2001), whole milk
contains 5.37 Mcal/kg of DM metabolizable energy (ME). Thus, the daily 1.40 Mcal ME from
0.26kg dry matter milk plus 0.58 Mcal from treatment feed totals 1.98 Mcal ME for maintenance
of 55.3kg with weight gain of 380 g/day for calves fed improved forage plus noug seed cake is
below to the 3.15 Mcal maintenance requirement of 50kg calf with weight gain of 400 g/day
(NRC, 2001).

The daily 66g CP intake from milk plus 53g from treatment feed totals 119g CP intake for
maintenance of 55.3kg with weight gain of 380 g/day for calves fed concentrate at three months of
age is below compared to the NRC (2001) daily 154g CP maintenance requirement of 50kg calf
with weight gain of 400 g/day. The daily 1.40 Mcal from milk plus 0.79 Mcal from treatment feed
totals 2.19 Mcal ME for maintenance of 55.3kg with weight gain of 380 g/day for calves fed
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concentrate is below to the 3.15 Mcal ME maintenance requirement of 50kg calf with weight gain
of 400 g/day (NRC, 2001).

The amount of crude protein and metabolizable energy each age categories of calves gained from
daily feed intake in this study and the NRC (2001) nutrient requirement shown in parenthesis is
presented in Table 6. The comparison has shown feed intake of calves in this study did not meet
the NRC nutrient requirement. The limitation of this study is that feed intake from grazing pasture
was not estimated which could have contribution to meet part of the nutrient requirements of

calves.

Table 6. Daily mean CP (g) and ME (Mcal) intake versus NRC requirement of calves at different
ages

Feed type Nutrients One to three Three to six Six to weaning
months months age

Grass hay CP 66 73 (224) 71 (316)
ME 1.40 1.97 (4.67) 2.07 (6.45)

Improved forage CP 115 (154) 151 (224) 259 (316)

+ ME 1.98 (3.15) 2.31 (4.67) 3.52 (6.45)

Noug Cake

Concentrate CP 119 (154) 169 (224) 296 (316)
ME 2.19 (3.15) 2.87 (4.67) 4.73 (6.45)

CP= crude protein, ME= metabolizable energy; Values in parenthesis are NRC nutrient

requirement

Partial Budget Analysis

The partial budget analysis result showed that concentrate, grass hay, and improved forage feed
treatments gave an average net benefit from weaned calves 25059.54, 22578.65 and 20221.58
ETB, respectively. Concentrate feeding gave the highest net benefit compared to other treatments
(Table 7).
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Table 7. Partial budget analysis of weaning age of calves for different feeding groups

Costs and Benefits  Unit

Amount used and costs

Grass hay Improved forage Concentrate
Amoun Cost Amoun Cost Amount Cost
t ETB t ETB ETB
Price of calf ETB 6240.00 6330.00 6360.00
Concentrate Kg 0 0 0 0 151 2265.00
Improved forage Kg 0 0 535 2675.00 0 0
Noug cake Kg 0 0 84 1680.00 0 0
Imp Forage + NC Kg 0 0 4355.00 0 0
Hay Kg 96 432.00 0 0 0 0
Labor cost ETB 569.35 509.42 479.46
Total cost (A) ETB 7241.35 11194.42 9104.46
Gross benefit (B) ETB 29820.00 31416.00 34164.00
Net benefit (B-A) ETB 22578.65 20221.58 25059.54
Cost benefit ETB 4.12 2.81 3.75
ratio(B/A)

CONCLUSION AND RECOMMENDATION

The study showed concentrate fed calves had better dry matter feed intake and attained the planned

100 kgs weaning weight at significantly shorter age than other treatment groups. Weaning age of

concentrate fed calves has reduced by thirty and forty-eight days compared to improved forages

and grass hay fed calves, respectively. Concentrate fed calves had significantly higher (p<0.01)

feed intake compared to other feed treatments from three months of age until weaning. Based on

the results of the study it is recommended that calves should be fed good quality concentrate feed

to promote early solid feed intake, increase preweaning growth and reduce weaning age.

10
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ABSTRACT

This study was undertaken to investigate the most important factors that influence survival and to
estimate genetic parameters for pre-weaning survival of Fogera calves. About 1043 Fogera calves
death records maintained at Andassa Livestock Research Center collected from 1984 to 2021 was
used. The data were collected from the data sheets, including birth weight, pedigree details, sex,
season, and year of birth. Survival rate and risk ratio were analyzed using Weibull proportional
hazard model with Survival Kit version 6.1 software. The heritability and genetic variances was
estimated using sire model. The survival rate was scored as 1 (alive) or 0 (died) in accordance with
the records. The proportion of right-censored calves up to 1, 4, and 8 months of age was 90.8, 87.8,
and 83.5 %, respectively. Around 55.8% of all deaths (16.5%) of death occurred up to one month
of age. Birth year, sex, season, and weight at birth were the risk factors for calf mortality. The
heritability (h?) estimates for the survival of calves at 1, 4 and 8 months of age from the Weibull
proportional hazard model were 0.26+0.14, 0.22+0.13, and 0.38+0.18, respectively. A relatively
higher estimate of heritability (0.38+0.18) at age of eight in the current study implies inclusion of
survival traits as selection criteria in the breeding program will enhance the survival rate. Similarly,
higher differences in estimated breeding values (ranged from -0.857 to 0.780) of sires for survival
suggests that selection of sires with higher estimated breeding values could improve the survival

potential of calves.
Keywords: Birth weight, estimated breeding value, heritability, risk ratio, survival rate
INTRODUCTION

Cattle production is a major component of the livelihoods in Ethiopia with an estimated population

of 70.3 million (CSA, 2021). The indigenous cattle breeds are raised for multiple purposes and
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they are source of milk, meat, and draft as well as manure production (Tucho et al., 2021).
However, there is a big gap between the population and productivity in terms of milk yield which
caused unbalance between the demand and supply. Thus, to overcome the increasing milk demand
due to the fast human population, intensification of animal products in terms of quality and

quantity is essential.

Fogera breed is one of the indigenous cattle breeds in Ethiopia which is originated from the area
around Lake Tana in Gondar and west Gojjam administrative zones. The breed is a source of
draught power, meat and, milk (Bitew et al., 2010). The breed is characterized as large size and tall
animals with long legs. Besides, the breed performs well in the heavy fly burden and swampy areas
(Anteneh, 2010). Nevertheless, the population of Fogera cattle is showed a declining trend over
years (Mekuriaw and Kebede, 2015). As a result, Fogera cattle breeding and multiplication ranch

were established with the aim of conserving and improving the breed for its milk production.

Calf survival is the most important factor to be consider in the dairy sector for better profitability
(Prasad et al., 2004). In recent times, cattle breeding programs in Ethiopia have focused primarily
on reproduction traits to maximize genetic gain. However, there is no documented report that
survival traits included in any breeding program. Inclusion of survival analysis in the breeding
program could enhance milk productivity due to the positive genetic correlation between each
other (Hudson and Van Vleck, 1981; Pefiagaricano and Khatib, 2012; Rocha et al., 2017).
Mortality at an early stage causes great economic loss in the dairy industry, due to death loss,
treatment cost, decreased lifetime productivity, and limited dairy herd expansion and genetic
selection (Miguel et al., 2016). In addition, the mortality of calves from birth to weaning highly
affects the breeding program through the loss in value of the calf, and the genetic value that will be
used for replacement heifers and bulls for the next generation. As a result, of the birth of calves is a
long-term investment, strong attention is essential for their survival. Thus, knowledge of the
influence of non-genetic factors on calf survival and the contribution of genetic variation to calf
survival are very important to enhance the calf survival rate. However, there is little evidence on
risk factors of mortality (Wudu et al., 2008; Kebamo, 2019; Gessesse et al., 2021) but the genetic

parameter estimates for the survival of Fogera calf is not documented in Ethiopia. Therefore, the
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objectives of this study were to evaluate the survival potential of calves, identify risk factors, and
estimate genetic parameter estimates for survival traits of Fogera cattle at different ages.

MATERIALS AND METHODS

Study area

The study was conducted at Andassa Livestock Research Center located at an altitude of 1730
m.a.s.| and at 11°29’ North and 37°29' East on the street way 22 km from Bahir Dar to Tis Abay.
The Center receives an average annual rainfall of 1150 mm, and temperature ranges from 6.5 to 30

°C. The center currently own 500 pure Fogera with about 300 breeding cows.

Herd management

Cattle were managed with a semi-intensive management system. The mating system was adjusted
according to the recommendation by Timlin et al. (2021) with the bull to cow ratio of 1:50. The
herd groups were arranged to graze in three separately located grazing areas namely Nechita, Doro
bet and Ameradifa grazing areas to control closely related animals. The assigned bulls were kept
with cows both during the day and night times. Each herd groups had two herdsmen to collect
mating, health and feeding related data. All data related recorded by the herdsmen will be recorded
on cow card history. Even though Hernandez-Castellano et al. (2015) recommended that the first
day after birth is important for colostrum feeding, newborn calves were kept with their dams for

enough colostrum suckling for 4 days.

Birth weight was measured using live weight within 24 hours and weaning weight was measured at
8 months of age. The mating plan was arranged based on the pedigree information using pedigree
viewer software. Calves suckled two times per day at 6:00AM and 4:00PM until weaning. All
breeding cattle were allowed to graze on green pasture for 10 hour/day. Considering their
physiology, dry period concentrate supplementation for pregnant cows and calves was practiced to
sustain their maintenance in the center. All animals were housed in semi-opened concrete barns at
night and had free access to water freely. Regular vaccination against common cattle diseases in
the area such as Foot and Mouth Disease, Lumpy Skin Disease, Anthrax, and seasonal deworming
for internal and external parasites were given. Sick animals were isolated immediately and treated

in isolation until recovery.
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Data collection and traits studied

The total numbers of records considered for the analysis were 1043. The data for Fogera calve
were collected from 1984 to 2021. The survival from birth to 1, 4, and 8 months of age was
evaluated. Survival at different ages was recorded as a binary trait where calves that were still alive
at the end of the specified period (right-censored) were coded as 1, and O if died. The survival
analysis excluded calves that were removed from the herd because of culling and death due to
physical injury.

Statistical analysis

The survival data were analyzed with a Weibull proportional hazard model using Survival Kit
version 6.1 (Ducrocq et al., 2010). The plot of the Kaplan-Meier as a non-parametric estimation of
the survival curve, with shape parameter p and scale parameter A of the Weibull distribution was
used to assess the validity of applying a Weibull proportional hazard model. The result of this plot
combination showed a straight line which confirms that the data followed the Weibull distribution
(Figure 1). In addition, Weibull distribution does not assume a constant hazard rate and therefore
has broader applications; hence, Weibull survival distribution was estimated for the probability of
survival (Abdelgader et al., 2017). The Weibull survival mixed model or the proportional hazards

model for the death of a particular calf at a time (t) was modeled as:

Mt) = Mo(t) exp [Ai + Cj + Sk + W, + Sirey]

Where, A(t) is the hazard function for probability of calf being died at time t, Ao(t) is the Weibull baseline
hazard function with shape parameter p and scale parameter A according to (Casellas et al., 2007). A is the
fixed effect of year (1984-2021, year was grouped to seven categories), C is the fixed effect of season (wet
and dry), S is the fixed effect of sex (male and female), W is the fixed effect of birth weight of calf (<20,
20-24, and >25) and Sire, is random effect of m" sire with the multivariate normal distribution (Ducrocq,
1997) with mean zero and variance A o, in which o% is the sire variance and A is the relationship matrix

among sires.

Heritability was estimated according to (Yazdi et al., 2002) by assuming a proportion of
uncensored records:
h®= [40°] / [0+ L/p]
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Where, h? is the coefficient of heritability for kid survival, o% is the genetic variance of sire and p is the

proportion of uncensored records.

The estimated breeding values were standardized, dividing them by the estimated sire genetic
standard deviation. Thus, higher genetic values are associated with a higher risk of mortality. In
addition, they were multiplied by -1 to be easier to interpret: a positive EBV is related to sires
transmitting a better survival or lower risk of mortality according to Ducrocq (2005). The genetic

trend was estimated by computing average EBV by year of birth.

La(-In(S(t))

Ln(time)

Figure 1. Graphical test for the Weibull distribution assumptions for survival of Fogera calves from

birth to weaning

RESULT AND DISCUSSION

Proportion and time of failure

The observed failures and average time of failure for each level of risk factors of calf mortality are
shown in Table 1. The pre-weaning mortality rate of male calves (21.3%) was higher than the
mortality of female calves (13.4). The average failure time for males was earlier than the
corresponding female calf which might be attributed to management discrimination against male
calves since female calves were in high demand for future replacement herds. In agreement with
the current result, males had higher mortality rates and lower average time of failure (Sallam,
2019). Calves born in the dry season had a relatively higher number of failures (5.71%) compared
to calves born in the wet season (11.9 %). This could be explained by seasonal variation in green

forage and pasture availability across seasons. Calves born in the wet season can get enough
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nourishment from their dams resulted low number of failure, which is missed in dry season. Calves
with light (21.4%) and heavy (20.9%) birth weight had high mortality rate compared to calve with
moderate (13.5%) birth weight. The failure time of calve with light birth weight was earlier
compared to calve with moderate and heavy birth weight category. In agreement with the current
finding, Mccorquodale et al. (2008) reported that light calves had low total protein scores and are
at increased risk of mortality when compared to heavy calves. Similar to the reports of Vinet et al.
(2018), relatively higher risk of calf mortality in the current study with higher birth weight of

calves (>25kg) may be due to stresses at birth.

The mortality rate and average time of failure of calve across years was varied and a higher
mortality rate were observed for calves born in 2000-2004. The higher mortality rates recorded in
the above study periods might be poor feeding and health management practices employed in the
center. Better feeding and health management practices and small number of records considered in
the analysis contributed to the no-failure records in the two-year categories (1977-1984 and 1985-
1989). Similar to the reports of Mellado et al. (2014) the variability of mortality rate and average
time of failure of calve across years in this study could be due to high environmental sources of
variations such as rainfall, humidity and temperature, which could influence feed availability and
poor pasture development due to variability of rainfall patterns over the years. Moreover,
inconsistent data set used for survival analysis compared to the long duration of study periods
could be taken as a limitation of the study that may affect the levels of significance for each risk

factor.

Risk ratio and risk factors of calf mortality

The proportion of right- censored and associated risk factors for mortality of Fogera calf are shown
in Table 2. The proportions of the right-censored calves at 1, 4, and 8 months of age were 90.8,
87.8, and 83.5%, respectively. Fogera calf mortality in the current study up to weaning age was
relatively lower (16.5%) than the previous reports (Kebamo, 2019). The higher risk of mortality
from the total risk occurred before the age of one month (Table 2) and it was due to the higher
sensitivity of calves at an early age to diseases and changes in environmental conditions. Similar

result to the current finding, Riley et al. (2004) reported that survival up to one month of age is

19



Proceedings of the 15th Annual Regional Conference on Completed Livestock Research Activities 2 0 2 3

directly or indirectly associated with the condition of dams. The result showed that the calves
survival rate was significantly (P<0.05) associated with different fixed factors such as season and
calf weight at birth.

Table 1. Observed failures and average time

Source of 1 month 4 months 8 months

variation N NF (%)  AT(days) NF (%)  AT(days) NF (%) AT (days)
Sex

Male 409 46(11.2) 27.6 62(15.2) 105.3 87(21.2) 204.9
Female 634 50(7.89) 28.2 66(10.4) 109.5 85(13.4) 215.2
Season

dry 588 70(11.9) 27.3 89(15.1) 104.7 109(18.5) 204.8
wet 455  26(5.71) 28.8 39(8.57) 112.0 63 (13.8) 219.5
Birth weight

(ka)

<20 252  37(14.7) 26.7 46(18.2) 101.6 54 (21.4) 197.5
>20-24 638  43(6.74) 28.5 65(10.2) 110.4 86(13.5) 216.8
>25 153  16(10.5) 27.5 17(11.1) 107.8 32(20.9) 209.8
Year

1984-1991 16 0(0.0) 30.0 0(0.0) 120.0 0(0.0) 240.0
1992-1996 65 0(0.0) 30.0 0(0.0) 120.0 0(0.0) 240.0
1997-2001 394  30(7.61) 28.5 44(11.1) 109.3 48(12.2) 215.5
2002-2006 225  27(12.0) 27.3 32(14.2) 105.3 47(20.9) 205.4
2007-2012 62 31(50.0) 18.4 37(59.7) 59.2 39(62.9) 105.8
2013-2016 87 6(6.90) 28.3 8(9.20) 110.1 9(10.4) 218.2
2017-2021 194 2(1.03) 29.7 7(3.61) 117.5 29(14.9) 227.8

N number of observations; NF number of failures; AT Average Time

All the listed fixed factors considered in the current study significantly affected (P< 0.01) the
survival of Fogera calve. The sex of calves exerted a significant influence on the survival of calves.
The risk of mortality with male calves was 1.88 times and 1.87 times that with female calves up to
one and four months of age, respectively. However, up to eight months of age, the risk of mortality
with female calves was reduced by 52% compared with male calves. The higher mortality of male
calves up to one and four month observed in the current study was in agreement with previous
studies (Riley et al., 2004; Schmidek et al., 2013; Condon et al., 2021). Similar to the current

study, the superior survival of female calves compared to males was reported earlier (Cecchinato et
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al., 2008). The superior survival of female calves up to eight months of age may be due to better
management given to females as replacements for the future herd; which is in agreement with the
reports of Mukasa-Mugerwa et al. (2000). Reports supported the current study also implied that
relatively higher metabolic rates of males (Getachew et al., 2015) and increasing activity of
hormones such as estrogen (Kocak et al., 2007) may have influenced the differences between

SEXES.

The birth weight of calves had a significant influence on the survival of calves up to one and four
months of age. However, its effect was non-significant (P>0.05) for survival up to eight months of
age. Risk of mortality showed inversely associated with weight at birth of calves. Calves born with
very light birth weight (<20 kg) showed the highest risk of mortality than calves with moderate
(>20-24 kg) birth weight. The risk of mortality with calves with light birth weight was 1.83 times
and 1.51 times that of moderate weight up to one and four months of age, respectively. The higher
mortality rates of calves with lower birth weight could be due to low serum total protein amount
which contributes to lower immunity of light calves and lower adipose tissue accumulation that
reduced the immunity of calves (Mccorquodale et al., 2013). Nevertheless, the risk of mortality for
calves with heavy birth weight was statistically similar to moderate birth weight and supported by

earlier results elsewhere in the world (Hudson and Van Vleck, 1981; Tarres et al., 2005).

In a similar fashion, the season of calving significantly affected the survival of calves at different
ages. Calves born in the wet season had a lower risk of mortality than those born in dry season.
Better feed availability in the wet season could help cows to nourish their calves and better survive
than those born in the dry season. The risk of mortality with calves born in the wet season was
significantly reduced by 55% up to one month and by 47% to four months of age compared with
calves born in the dry season. However, the reduction of mortality in calves born in wet season was
non-significant up to eight months of age. A conflicting result was reported on the effect of season
of birth on survival of calves for Ontario Holstein heifer calves (Mccorquodale et al., 2013).
Similar results were reported for different sheep breeds elsewhere in the world (Getachew et al.,
2015; Sallam, 2019; Tesema et al., 2020). Higher mortality in the dry season may be associated
with a lower amount of colostrum produced in the dry season according to the reports of Gulliksen

et al. (2009) for Norwegian calves.
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The result of this study demonstrated that there was a significant difference of mortality rates over
the years of calving. This could be explained by several factors, such as natural forage availability,
dynamics of herd management practices, and influences of other environmental factors such as,
late or no vaccination and deworming which is in line with previous studies (Tarres et al., 2005).
The estimates of the corresponding risk ratios did not follow a consistent trend. The risk of
mortality for calves born between the years 2007-2012 was higher than the rest of the study period
(Table 2); which implies variability of calf management- associated factors across the study years.
The risk of mortality with calves born in 2007-2012 was 7.45 times and 7.56 times that with calves
born in 1997-2001 up to four and eight months of age, respectively.

Table 2. Risk ratio for each factor level relative to the reference (1.00)

Source of variation RR1M RR4M RR8M
Right censored 90.8% 87.8% 83.5%
Sex P=0.0034 P=0.0001 P=0.0001
Male 1.88" 1.877 1.00
Female 1.00 1.00 0.48"
Season 0.0001 0.0003 0.0081
Dry 1.00 1.00 1.00
Wet 0.45™" 0.53" 0.77™
Birth weight (kg) P=0.0093 P=0.0271 P=0.2070
<20 1.83" 1.517 1.24"
>20-24 1.00 1.00 1.00
>25 1.01™ 0.81" 1.18™
Year P=0.0001 P=0.0001 P=0.0001
1984-1991 0.00 0.00 0.00
1992-1996 0.00 0.00 0.00
1997-2001 0.147 1.00 1.00
2002-2006 015" 1.08™ 1.08™
2007-2012 1.00 7.457 756
2013-2016 0.15" 0.65" 0.47™
2017-2021 0.009™" 0177 0.53"

RR =risk ratio; *** = P <0.001; ** =P < 0.01; *= P < 0.05; ns = non-significant

Kaplan-Meier survival function and cumulative hazard curve of calves from birth to 8 months of
age are shown in Figure 2. The hazard of mortality of calves was higher up to 30 days and tends to

increase at a decreasing rate after one month of age. On the contrary, the probability of calf
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survival was decreasing at an increasing rate up to 30 days and then decreasing at a decreasing rate.
From the total death of calves (16.5%) to weaning age, about 55.8% (9.20%) of death occurred up
to 30 days of age. The survival curve had a highly downward pattern from the time of birth and
continued to age of 30 days but their survival improved immediately after one month of age. A
similar pattern of calf survival was reported by Schmidek et al. (2013) and Tarres et al. (2005) for
different beef breeds. The higher mortality of calves justifies the need for critical attention on

management interventions during one month on postnatal periods.
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Figure 2. Kaplan-Meier survival function and cumulative hazard curve of calves from birth to

weaning age

Heritability estimates of calf survival using Weibull sire model

The estimates of variance and heritability for the survival of Fogera calves at 1, 4, and 8 months of
age from the Weibull sire model are presented in Table 3. From the Weibull proportional hazard
model, the heritability estimates were not the same at different ages. The heritability estimates for
calf survival at 1, 4, and 8 months of age were 0.26, 0.22, and 0.38, respectively. A relatively,
lower heritability estimate for the survival of calves until the age of one and four months compared
to eight months of age was more likely due to having a higher influence on feeding and health
management, factors and lower contribution of the genetic variation and selection for

genetic improvement targeting at age of one and four would bring slow progress than the age of
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eight. The current estimates of heritability for survival traits at pre-weaning ages were much higher
than most of the previous studies for different beef-type breeds in the world (Goyache et al., 2003;
Riley et al., 2004; Fuerst-Waltl and Sgrensen, 2010; Pritchard et al., 2013; Schmidek et al., 2013;
Henderson et al., 2014; Vinet et al., 2018). Although selection based on improved calf survival
could enhance the profitability of dairy farms, it was ignored in many cattle breeding stations in
Ethiopia. Lower heritability estimates for calf survival traits at one and four months of age in the
current study implies that selection for genetic improvement targeting survival of those traits at this
age reduces the genetic variability and slows genetic progress over eight months of age. In general,
the medium to high heritability estimates for pre-weaning survival potential of Fogera calves at the
ages of eight in the current study implied improvement of the survival rate of calves was effective
and enough genetic variation existed in the study population. Therefore, considering survival traits
at weaning age needs to be included in selective breeding programs along with better management
intervention.

Table 3. Variance and heritability estimates for pre-weaning survival of Fogera calf

Traits o°st SE h*+ SE

Survival to 1 month 0.74+0.44 0.26+0.14
Survival to 4 months 0.48+0.29 0.22+0.13
Survival to 8 months 0.65+0.34 0.38+0.18

o°s Sire genetic variance; h” heritability estimate; SE standard error

Estimated breeding value (EBV) for survival traits

The estimated breeding value (EBV) of the top 20 sires for pre-weaning survival is presented in
Figure 3. Even though the survival of calves is directly affected by the genetic merit of both the
sirs and the dams, survival traits were analyzed from censored records of calves born per selected
sires according to Vollema and Groen (1998). In this regard, the mean number of censored records
per sire was 17. The Estimated breeding values of sires in the current study, for pre-weaning
survival, was varied -0.857 to 0.780 with an overall mean of 0.022. However, most (53%) of the
sire had a positive EBV (0.011 to 0780). The variation in the breeding values for survival traits
indicated appreciable differences existed between sires. The estimated breeding values of the top

20 sires ranged between 0.204 and 0.780 with an overall mean of 0.338 which indicated sires with
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superior survival potential were used in the breeding program. The highest estimated breeding
value (0.780) obtained in the current study implies best sires were existed that transmitted a better
survival or lower risk of mortality to their off-springs. The estimates of breeding values for
survival traits in the current study is higher than the previous result (Davis et al., 2020) for
different beef and dairy crossbred calves. In the current study, a genetic standard deviation of 3%
for survival potential was observed between sires which could be used to select the best and worst
bulls with regard to calf survival potential. Therefore, higher estimated breeding values had better
survival and subsequently, calves born from bulls of higher estimated breeding values of survival
had a chance of better survival. In this study, a higher pre-weaning survival difference was
observed among total sires and also among sires having positive breeding values. The estimated
breeding value of the top 20 sires was 54.5% higher than the average EBV of sires having a
positive breeding value. Reports indicated presence of 8% differences in breeding values in the
first 180 days from birth (Norberg et al., 2013). Therefore, selection of sires based on better
estimated breeding values for survival traits in combination with milk traits would improve the

survival rate of calves and it should be included in the breeding program.
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Figure 3. Estimated breeding value for pre-weaning survival of top 20 sires

The genetic trend of sires for mortality traits from birth to 8 months of age during the period from
1984 to 2021 is presented in Figure 4. The genetic trend from 1984 to 1991 clearly showed
significant improvement on breeding values while critical deterioration was observed till then for
calf survival. Generally, the survival potential of Fogera calves in the study periods genetically

decreases 0.0334 days every year. The observed genetic reduction for survival traits from the year

25



Proceedings of the 15th Annual Regional Conference on Completed Livestock Research Activities 2 0 2 3

2001 to 2021 might be the frequent use of worst sires with lowest estimated breeding values for
survival traits as survival was not considered during bull selection. Therefore, selection of sires
with higher estimated breeding values for survival traits could be used for reduced calf mortality in

the breeding programme.
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Figure 4. Estimate of the genetic trend for survival of Fogera calve

CONCLUSION AND RECOMMENDATIONS

The pre-weaning survival rate of Fogera calves was high and of the total mortality, higher
mortality was occurred during the first 30 days of age. High mortality rates were observed for
calves having lighter weight at birth and born during dry periods. The presence of enough
variability within the population, as indicated by moderate heritability estimates for the pre-
weaning survival of Fogera calves, suggested that selection could improve calves' survival
potential by incorporating survival traits in the breeding program. Furthermore, the variations in
estimated breeding values of sires for survival traits imply that sires with higher estimated breeding

values for survival traits should be used for lower calf mortality
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ABSTRACT

The study aimed to evaluate the growth and reproductive performance of Simien sheep managed
under the smallholder management system in Debark and Dabat districts. The data were collected
from June 2017 to September 2021. A total of 2410 sheep of 152 sheep owner households from the
two sites was used for the study. Growth and reproductive performance data were analyzed and
estimated by the GLM procedure of SAS (version 9.4). The overall least square mean weight (£SE
in kg) at birth, three months, six months, nine months and twelve months were 2.40+0.01,
12.25+0.07, 15.51+0.18, 19.01£0.21, and 21.58+0.36, respectively. The overall litter size, lambing
interval (days) and age at first lambing (days) (xSE) of Simien sheep was 1.18+0.01,
260.63+£24.19, and 388.59+18.33, respectively. The sex of lamb had a significant effect on weight
at birth (P<0.0001), three months (P<0.01), and six months (P<0.05) of age; and male lambs were
heavier (P<0.05) than female lambs. Lambs born in 2021 were significantly (P<0.001) heavier than
in other years. Lambs born at the 3" to 6™ parity were significantly heavier (P<0.001) than lambs
born below and above the 3™ and 6™ parity at birth. Single-born lambs were significantly heavier
(P<0.001) than twin lambs at birth, three months and six months of age. Lambs born in heavy post-
partum weights of dams were significantly heavier and had high litter size (P<0.05) than lambs
born in light and medium post-partum weights of dams. Lambs born at >4" parity had significantly
high litter size (P<0.001) than lambs born at lowering parities. Lambs born in the birth year 2021
had significantly high litter sizes (P<0.05) than other birth years. The factor of birth year and post-
partum weight significantly affected all parameters considered in this study, which needs an

improvement in management through full-package husbandry practice intervention.

Keywords: community-based breeding, non-genetic factors, growth trait, litter size, Simien sheep.
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INTRODUCTION

Sheep are the most important livestock species next to cattle with diverse genotypes and a huge
population in Ethiopia. They contribute substantially to the livelihoods of smallholder households
as a source of income, food (meat and milk), and non-food products such as manure, skins and
wool. They also serve as a means of risk mitigation during crop failures, property security,
monetary saving and investment, and many other socioeconomic and cultural functions (Adane,
2008; Legesse et al., 2008; Duguma et al., 2010). Demand and prices for sheep and goat meat show
an increasing trend due to urbanization, increased income in the cities, and increased demand from
the Gulf countries. However, the annual meat production from small ruminants is relatively small
compared with the number of heads. The average annual off-take rate and carcass weight per
slaughtered animal in Ethiopia for 2000-2007 were estimated at 32.5% and 10.1 kg, respectively

(FAO 2009), which if the lowest among sub-Saharan African countries.

Previous studies have shown that indigenous Ethiopian sheep and goat breeds have the potential to
produce more and better meat and skins, so long as they are fed, managed and bred better. To do
this, farmers need to be organized to continuously retain and access better breeding rams, forestall
inbreeding, and have better access to markets. Selective pure breeding of the adapted indigenous
breeds is the best possible option for genetic improvement in tropical countries. Indigenous breeds
in harsh tropical environmental conditions have special adaptive features such as tolerance of a
wide range of diseases, water scarcity and the ability to better utilize limited and poor-quality feed
(Baker and Gray, 2004; Kosgey and Okeyo, 2007). The recent approach of establishing
community-based breeding programs is advocated for low-input traditional smallholder farming
systems (Solkner et al., 1998; Kahi et al., 2005; Haile et al., 2009, Wurzinger et al., 2011). This is
because community-based breeding programs take into account the needs, views, decisions, and
active participation from inception through to implementation and their success is based upon
proper consideration of farmers’ breeding objectives, infrastructure, participation, and ownership
(Mueller 1991; Solkner et al. 1998; Wurzinger et al., 2011). According to Solomon (2008),
Ethiopia has 8 sheep breed groups and 14 populations; of which Simien sheep is among them. This
paper was initiated to assess productive and reproductive performances of Simien sheep under
farmer’s management conditions and to identify factors influencing the performances of Simien

sheep under the community based breeding program.
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MATERIALS AND METHODS
Description of the Study Area

Two villages of Debark and Dabat, one in each district were studied. These districts are the major
Simien sheep farming areas in the North Gondar highlands of North Western part of Ethiopia. The
villages were Daber from Debark and Chanbelege from Dabat. Although the geographic
coordinates and the topography characteristics of these villages vary (Table 1), the livestock
farming systems and also having good potential and large area coverage in Simien sheep rearing
are marks of similarity between the two villages. Farmers are organized into cooperatives to improve
and conserve the Simien sheep breed through a participatory selection scheme. The known farming

system of the area is mixed crop-livestock production.

Table 1. Description of Debark and Dabat Districts

Features Debark Dabat
Altitude/ elevation (m.a.s.l.) 2712 to 3122 1500-3200
Temperature (°C) 6.2t0 20.7 18-35
Rainfall (mm) 900-1400 600-1400
Human population 169,835 145,509
Distance from Addis Ababa (Km) 830 800
Geographic coordinates

Longitude 37°90'00"E 37°45'54"E
Latitude 13°13'30"N 12°59'00"N

Animal population

Cattle 380,403 209,117
Sheep 123,948 214,150
Goat 61,974 113,100

Source: Respective district agricultural planning office (2015) and CSA, (2009)

Description of Simien Sheep Breed
Simien sheep is one of the sheep breeds of Ethiopia characterized by short fat-tailed curved

upward, plain and patchy coat color patterns dominated by brown color, fur long coarse hair type
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of females and fur short smooth hair of males, the majority of which lack wattle and ruff, with
ewes usually polled and rams are mostly horned with curved and spiral shape (Surfed et al., 2019)
and fleece fibre type (Solomon, 2008). It lives in the sub-alpine ecology of the country having a
population of about 347,600 with high economic merit, high cultural values and ecological values.
It is found in the first non-safe threat status and requires conservation priority out of the five breeds
under threat. The high within-breed diversity, lowest kinship, high heterozygosity and high allelic
richness make the breed unique and important (Solomon, 2008; Surafel, 2012).

Description of the breeding program

Two breeding programs were established for the Simien sheep breed in the two districts. The
breeding program has been implemented since 2017 following the guideline for the establishment
of sheep and goat community-based breeding programs (Haile et al., 2009).

Community selection and designing a breeding scheme

Participating communities and research villages were selected by a team of researchers,
development agents, and district and kebele livestock production experts. During village selection
important criteria; communities have common grazing land and watering point, a minimum of 300
breeding ewes, the villages have clear demarcation with other villages like rivers and mountains,
and the willingness of the community members to get involved in the improvement program were
considered. After the selection of the participant farmers, four alternative breeding schemes i.e.
within the village at 10% and 5% and across the village at 10% and 5% proportion) were simulated
and evaluated based on their genetic gain and economic benefit. Alternatives were set considering

genetic improvement while conserving genetic resources.

Then after, the simulation results of the four alternatives were presented to the participant farmers.
Participant farmers could have a chance to identify a better alternative for best breeding gain
because of the large selection differential and this can play a great role to reduce the inbreeding
effect that can happen associated with the population of breeding ewe and level of selection

intensity (Abegaz et al., 2020). This advantage and disadvantages of each scenario were further
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evaluated through discussion. The scheme preferred by the participant was considered the best

scheme and was implemented as a scheme for the community-based improvement tool.
Animal identification and data collection

The identification number with plastic ear tags was given to all sheep belonging to the participant
farmers. The weight, age and color of the animal were taken during identification. A simple record
sheet was developed for continuous data collection. Enumerators were recruited and trained for

data collection, animal identification and day-to-day follow-ups.
Rams screening, selection, and management

The young rams at the age of around 6 months were screened based on their breeding value
estimated for six months’ weight. Candidate rams with visible defects were not taken into
consideration during the selection process. Selection has taken into account the subjective
evaluation of the dam's performance in addition to the candidate's performance. The candidate
rams were then brought to the central place. Lastly, the farmer’s committee picked the best sires

after taking physical and morphological traits into account.

The ram user groups were established based on the number of breeding ewes they have, settlement
and communal grazing area for easy management of the selected rams. The selected rams were
distributed for each ram user group. The unselected rams were castrated and sold before they reach

sexual maturity. Rams were rotated among ram user groups yearly to avoid inbreeding problems.
Data Collection and Management

Data were generated by monitoring 2410 lambs born between June 2017 and September 2021. All
sheep populations in the selected districts were identified by labelled permanent plastic ear tags.
Different productive and reproductive data: birth date, and then after weight at the interval of three
months (3, 6, 9, and 12 months age), birth type, sex of lamb, dam post-partum weight and dam
parity were recorded. Growth data were taken using a hanging scale having a 50 kg capacity with

200-gram precision.
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Statistical Analysis

Data collected on growth performance and litter size/prolificacy of lambs was analyzed using the
General Linear Model (GLM) procedures of SAS (version 9.4). Fixed effects considered in the
model were district (Debark, Dabat); sex (male, female); parity (1 to >7), type of birth (single,
twin); the season of birth (dry (October-May), wet (June-September)); year of birth (2017, 2018,
2019, 2020); and weight of dam at birth (heavy weight, medium weight and light weight).
Interaction effects were not retained in the final model as their effects were not significant in the
preliminary analysis. Tukey Kramer test was used to identify the presence of significant effects
between factors at P<0.05.

The following GLM models were used.

Yijkimno = L+ Di + Sj + Yi + Py + Ly +X, +WO0 +€jjkimno;

Where: Yijumno IS the weight and litter size; pis the overall mean; D;is the fixed effect of
the i"" district; S; is the fixed effect of the j" season; Yy is the fixed effect of k™ year of birth; Py is
the fixed effect of 1™ parity; Ly, is the fixed effect of m™ type of birth; X, is the fixed effect n" of
sex; Wo is the fixed effect both of the weight of dam at birth; ejjkmno is the random error

RESULT AND DISCUSSION

Growth Performance

The growth performance (least-squares means) of Simien sheep is presented in Table 2. The
overall least squares mean of body weight at birth was 2.40+£0.01kg. The birth weight result of this
study showed corresponding results to some Ethiopian indigenous breeds managed under the same
condition (Gumer sheep 2.09+0.02 (Ebadu and Habtamu, 2022), Menz sheep 2.58+0.004 (Abebe et
al, 2021), Dawuro sheep 2.55+0.04 (Habtegiorgis et al, 2022), Abera sheep 2.8+0.015 (Marufa et
al., 2017), and Horro 2.55 (Haile et al., 2020)). However, the birth weight finding of this breed was
lower than the Bonga breed 3.13+0.01 (Areb, 2019), and the Doyogena sheep 3.05+0.02
(Habtegiorgis et al., 2022). It was also heavier than sheep breeds which were kept under an
extensive production system without community-based breeding programs. Among them, Gumuz
sheep and Washera sheep breeds (Asemare et al., 2021), Afar sheep (Mekuriya et al., 2014),
(Mesfin et al., 2020), Arsi-Bale sheep (Derib, 2009), and Menz sheep (Kassahun et al., 2000;
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Solomon et al., 2007; Mukasa-Mugerwa, et al., 2000; Selamawit et al., 2004). The current birth
weight result was a clear indicator of the improvement because of the community-based breeding
program (CBBP) that akin results in CBBP villages and higher than villages without CBBP.

The weight at three, six, and twelve-month weight was comparable with Abera sheep (Marufa et
al., 2017), and Menz sheep (Abebe et al, 2021), but heavier than Gumer sheep at all counterparts
(Ebadu and Habtamu, 2022). The breeding ram selection preference of the community in both
study sites was completely red color because of the better marketing opportunity. However, the
study showed that the black color could have a growth alteration effect on birth and growth traits

(Getachew et al., 2020), therefore we expected that our improvement measure was altered.

Effect of Sex of Lamb: Weight at different growth levels was significantly affected by sex
(P<0.05) (Table 2). Male lambs weighed heavier than their female counterparts at birth
(P<0.0001), three months (P<0.01), and six-month (P<0.05). The larger weight of males in
comparison to female lambs might be due to the hormonal differences in their endocrinological and
physiological functions (Ebangi et al., 1996; Gardner et al., 2007). Differences in sexual
chromosomes, probably in the position of genes related to growth, physiological characteristics,
and difference the in endocrinal system (type and measure of hormone secretion especially sexual
hormones) lead to differences in animal growth. About the endocrinal system, the estrogen
hormone has a limited effect on the growth of long bones in females. It could be one of the reasons
why females have a smaller body and lighter weight than males (Rashidi et al., 2008; Roshanfekr
et al., 2011). This is also consistent with other literature (Kassahun, 2000; Markos, 2006;
Mengistie et al., 2009). The difference in weight between sexes was prolonged as age advanced.
Male lambs had higher weights than females after and before weaning and such differences are
supported by literature (Adu et al., 1985; Mavorogenis and Constanntinous 1986; Nawaz and
Khalil, 1998; Rastogi, 2001; Belay and Haile 2009).

Effect of Birth Year: The birth year was observed to be a significant (P<0.0001) source of
variation on all growth parameters (Table 2). The observed weight across the growth stages of
lambs born in 2021 was heavier than all other previous years. A similar observation on the effect of
year of birth was made by Hassen et al. (2004), and Habtegiorgis et al. (2022). Since the study was
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conducted in a field where extensive management systems were practiced, the influence of year on
growth for the weight of lambs might be associated with year-after-year variation of feed
availability, husbandry practice, feeding condition, management, the incidence of disease,
herdsman’s skills and environmental factors (Belay and Haile, 2009). Despite this, the growth
performance was recorded in increasing trend over the years that could be clear proof of
improvements because of selection. The current three and six-month weight results were even
higher than the result reported by Surafel et al. (2012) for the same breed, which was studied

before the intervention of a community-based breeding program.

Effect of Birth Type: Type of birth showed a significant (P<0.0001) effect on birth, three, and six-
month weight and single-born lambs were heavier than their twin-born contemporaries (Table 2).
This result showed weight variation associated with birth type is in harmony with other authors’
reports for Gumuz sheep (Solomon, 2007) and Washera sheep (Mengistie et al., 2009; Lakew,
2011). This difference at birth could be due to competition of the fetus in the uterus for space, as in
all placental mammals, the maternal uterine space has a restricted capacity to gestate offspring, and
as litter size increases, individual birth weights decline (Gardner et al., 2007). However, the effect
of birth type was non-significant (P>0.05) at nine and twelve-month weight. This could be the
effect of mothering ability and suckling competition becoming terminated and the physiological

perspectives of the dam could be advanced.

Effect of Birth Season: Birth season had not shown a significant effect (P>0.05) on three and
twelve-month weight (Table 2). The effect of season on growth performance was significant
(P<0.01 at birth, P<0.001 at six-month, and P<0.05 at nine-month weights) and was not clear-cut
and consistent and lambs born in the wet season were heavier than lambs born in the dry season.
This result might be due to the difference in feed availability and weaning shock; when the lambs
are transferred from highly nutritious feed (milk) to poor nutrition (roughage) reflecting
environmental effects that correlate to feed availability positively. Lambs born in the dry season
could highly shocked than lambs born in the wet season associated with feeding stress
(Agyemangy et al., 1991; Nawaz and Khalil, 1998). It is expected that better feeding of ewes in the

wet season might have resulted in greater weight of lambs than in the dry season. The pasture
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grass, forage and pleasant surroundings have a positive effect on animal growth. Dixit et al. (2001)
stated that the effect of year and season is statistically significant on the weight of the lambs.

Effect of Parity: Parity showed a significant effect (P<0.0001) on the birth weight of lambs (Table
2); which is in agreement with (Mengistie et al., 2010; Solomon et al., 2011; Aemero et al., 2012).
Lambs born from ewes at first to three parity were significantly (P<0.0001) lighter than lambs born
from four, five and six parities and the result was supported by Berhanu and Aynalem (2009). This
might be because the reproductive organs of the first parity ewes were less developed to bear large
fetuses (Markos, 2006). Different researchers had reported that a lamb’s birth weight increases as
the dam’s age advanced (Awogichew, 2000; Duguma et al., 2002; Gardner et al., 2007).

Effect of Dam Weight: In the observed result, dam weight had a highly significant effect on lamb
weight at birth (P<0.0001), three (P<0.0001), six (P<0.0001), and nine (P<0.001) months. Lambs
born in heavy weight dams were heavier than lambs born in medium and light body weight dams.
This result might be associated with the better mothering ability of dams as the age and body
condition of dams advanced (Petrovi¢ et al., 2015). The presence of a significant effect of ewe
weight on growth of lambs was supported by (Momani et al., 2002; Krizek et al., 1983); young and
old ewes had lighter lambs, also mature sheep had the heaviest lambs (Petrovi¢ et al., 2015;
Shahroudi et al., 2003; Kalantar 2003; Dixit et al., 2001; Matika et al., 2003; Rashidi et al., 2008).

Effect of Location: Location (working district) had shown a significant (P<0.05) effect on the
weight of lambs at three, six and nine-month growth stages. It was consistently observed that the
lambs born in the Dabat district were heavier at three and six months of weight than lambs born in
Debark district (Table 2). The variation in growth traits among locations is also supported by
previous results that compared the performance of sheep in different locations (Gatenby et al.,
1997; Gautsch, 1992; Mukasa-Mugerawa et al., 2000). In the present study, the lambs born in the
better rangeland available area (Dabat) showed a higher growth indicating better feed access for
lambs and lactating ewes. The altitude of Debark is reported to be higher than that of Dabat and

characterized as a marginal area where feed available to the sheep population was minimal
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Table 2: Simien sheep weight at different ages

\S/‘;L:Irgﬁo": Birth Weight (Kg) 3 Month Weight (Kg) 6 Month Weight (Kg) 9 Month Weight (Kg) 12 Month Weight (Kg)
N LSM+SE N LSM=SE N LSM+SE N LSM=SE N LSM+SE

Overall 2410 2402001 2227  12.25%0.07 1530  13.61+0.08 767 19.0120.12 494  21.58+0.36
CV (%) 11.56 14.68 13.61 10.5 19.56
Sex *kkx $k * NS NS
Male 1333 5435001° 1225  1235+008° 791  1564:0.11° 366 18.99+0.14 222  21.46+0.43
Female 1077 5 375001° 1002  1914+008° 739  1537x0.10° 401 19.0240.14 272 21.69+0.39
Birth year koo k sk ok kokosk ok kkokk Kook sk

d d d
2017 189 202:¢002° 172 1183+015 154 1434x019 106 17.60:021 3 19.79+0.56

d b b
2018 738 9324001 691 11.85+¢0.09° 518 15744013 309 18.87+0.17 . 180 20.92+051°
2019 434 5414002 385 123120117 255 15821015 79 18.9040.24 26 21.13+0.86"

b b b b

2020 549 260+002 526 12344010 354  1558+0.14° 192 19.36+0.17 102 25531051
2021 500  565+0.02 453 12.91+0.100 249 1p05+0.16 81 20324024 113 23514048
Birth season % NS k% * NS
Dry 1698 2.42+0.01% 1614 12.18+0.07 1083 15.3010.01b 445 19.88+0.13 é 349 21.53+0.38
Wet 712 2.38+0.02° 613 12.32+0.09 447  1571+011° = 222 1914+0.17° 145  21.62+0.48
Birth type ok ek o ok ek NS NS
Single 1950 2_6210.01a 1837 12.5810.06a 1254 15.8810.08a 659 19.07+£0.11 437 21.15+0.30
Twin 460 2.1810_02b 390 11.9210_11b 276 15_1310.15b 108 18.95+0.20 57 21.99+0.61
Parity ok ek NS NS NS NS
1 453 9354002° 439 12.1120.10 286  15.53+0.15 151 18.87+0.18 92 21.65+0.53
5 334 5394002 318 12.2620.12 201  15.61+0.17 91 19.08+0.22 58 21.59+0.63
3 380 5 404002° 345 12.2740.12 227  15.77+0.16 120 19.16#0.20 84 21.07+0.54
4 393 41+001° 347 12.89+0.12 257  15.34%0.15 123 19.90+0.20 86 21.20+0.56
5 345 5 401002° 318 12.24+0.14 228  15.31%0.16 118 19.1840.21 70 21.19+0.58
6 238 5 494002° 216 12.35+0.14 157  15.78+0.19 82 18.98+0.24 56 21.48+0.64
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~7 267  540:002° 244 12.21+0.13 174  1521%0.18 82 18.89+0.23 48 22.84+0.66
PPW seokkok ok ke ok Heokkok sk NS

Light 337 2304002° 287 1178#012 211 15484017 124 10.69+0.14 97 21.96+0.57
Medium 1645 543+001 1440 1253+002" 989  1574+009" 512 19.54+0.08 322 21.59:0.36
Heavy 428 244002" 500 1243:010° 330 15314013 131 10.480.16" 75 21.18+0.53
Village NS e ok ok NS

Debark 988  2.40+0.02 948 11.68+0.09° 763 15004012 510 19.7740.15° 366  20.72+0.43
Dabat 1442 239+001 1279 12814007 767  1g.01:010° 257 19.25+¢0.15° 128  22.43%0.45

Means with different superscripts within the same column & class are statistically different; NS = non-significant; *p<0.05; ** p<0.01;
*** p<0.001; **** p<0.0001; N= the number of observations, PPW= post-partum weight, PPW = post-partum weight.
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Reproductive performance

Litter Size: The overall least-square means (LSM zSE) of the litter size investigated was
1.18+0.01 litter per head per ewe (Table 3). Litter size was significantly (P<0.0001) affected by
the year of lambing, parity, and district. The litter size of Simien sheep was higher than some of
Ethiopian indigenous sheep breeds managed under an extensive production system (Gumuze
sheep (Solomon, 2007), Menze (Gautsch, 1987; Agyemang et al., 1985; Mukasa-Mugerwa et al.,
2002; Niftalem. 1990), Afar (Wilson, 1982), Washera (Mengiste, 2008), and Blackhead Somali
(Galal, 1983)). It had also corresponding results with the Bonga (Ebadu Areb, 2019), and
Doyogena (Habtegiorgis, 2022) sheep breed which was managed under a community-based
breeding program. Unlikely, the litter size of this breed was lower than Gumer sheep 1.56+0.02,
1.75+0.02 (Habtegiorgis et al, 2020a, 2022b, respectively).

Ewes lambed during the years 2021, 2020 and 2017 were more prolific than ewes lambed in
2018 and 2019. It was also clear that the improvement was because of the selection (twining
birth was used as a goal trait for selection) that we had applied to meet the improvement and
conservation objective. In the current study, the birth season had no significant (P>0.05) effect
on litter size, which agrees with the report of Godfrey (2005). In contrast to the findings of this
study, various authors pointed out a significant effect of season and parity on litter size
(Habtegiorgis et al, 2022; Berhanu and Aynalem, 2009; Deribe, 2009; Ali et al., 2009; Legesse,
2008; Berhan and van Arendonk, 2006; Suleiman et al., 2005; Mourad et al, 2001; Maria and
Ascaso, 1999; Awemu et al., 1999). Parity of the ewe showed a significant effect on litter size
(P<0.0001), and higher litter size was recorded as the parity of the dam advanced. This finding
was in harmony with a result reported by Habtegiorgis et al, (2022) which studied on Doyogena
sheep breed under a community-based breeding program. Litter size tends to be improved with
advancement of age and parity which could be because the ewe had a chance to produce a
multiple ovulation rate, improved uterine capacity and related physiological maturity (Drouilhet
et al., 2013; Mengiste et al 2010). Location showed a significant effect (P<0.0001) on the litter
size that lambs born in the Dabat district had higher litter size than Debark district. This
difference could be attributed to the difference in the management of ewe, feed availability due

to altitude difference, and access to health services.
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Table 3. Reproductive performance of Simien sheep

Lambing interval

Source of Variation Litter Size (humber) (days) Age at First Lambing (days)
N  LSM+SE N LSM+SE N LSM=+SE
Overall 2531 1.18+0.01 857 260.63+24.19 333 388.59+18.33
CV (%) 31.16 18.44 10.89
Birth year ok ok Kok ko ok kok
b a
2017 191 119+003 109 33321+14.23 - -
738 e 235 b 5 ¢
2018 1.17+0.02 238.81+11.63 392.01+33.52
470 ¢ 275 b 59 b
2019 1.13+0.02 262.26+10.89 443.86+18.97
b bc a
2020 602 119+0.01 196 2047341215 110 364.23+19.86
a c bc
2021 559 19014002 109 2132141423 117 3542742204
Birth season NS NS NS
Dry 1813  1.19+0.01 626 256.84+2451 234 402.62+22.98
Wet 747 1.17+0.02 231 264.42+2510 99 374.56+18.00
Parlty *kk*k NS *kk*k
1 502 11ps002° 33 2368823360 142 g5pp 7844307
2 361 1194002 146 266.04£2643 73 472.65+48.99
3 400 g 13400p° 125 268852690 31 p9509:63.40°
4 409 1 1ps002 150 274.75%26.40 31 433.31+64.42
5 359 1994002 149 246.17£2629 24 415.73+68.50
5 243 409 i0.0Zb 104 259.46+26.07 13 454.23 190.98“
>7 289 1964002 150 2722542612 19 399 4517506
Vi”age *kk*k *kk *kk
Debark 1061  q g74001 330 259.37#25.07° 131  397.00+20.90°
Dabat 1499 | 594001° 527 261.89+24.33% 202 380.18+18.30°

Means with different superscripts within the same column & class are statistically different; NS
= non-significant; *p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001; N= the number of
observations, PPW= post-partum weight, PPW = post-partum weight.

Lambing interval: The overall least-square means (LSM+SE) of the lambing interval (days)
investigated was 260.63+24.19 (Table 3). The lambing interval was significantly (P<0.0001)
affected by the year of lambing, and district (P<0.001). The current result showed that the steady
lambing interval improvement across working years. This showed the positive response of
selection implemented in the improvement of reproductive performances of this breed. This

result was higher than the Bonga breed 283.5+9.9 (Ebadu, 2019) and the Doyogena sheep breed
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281.22+8.8 (Habtegiorgis et al., 2022). The lambing interval was not significantly (P>0.05)
affected by the birth season and parity. However, this was not in agreement with Gautsch (1987)
and Mengiste (2008) those reported as parity increases the lambing interval decreases. The effect
of location on the lambing interval was significant (P<0.0001); which might be attributed to the

difference in the management of ewes, feed availabilit.

Age at first lambing: The overall least-square means (LSM+SE) of the age at first lambing
(days) investigated was 388.59+18.33 (Table 3). The result showed comparable with the earlier
report of Ebadu (2019), where 375+12.5 days of age at first lambing under community-based
breeding program management conditions in Kaffa Zone, Ethiopia. The current study result
showed that the Simien sheep breed had shorter age at first lambing than Adilo (Getahun et al.,
2008), Afar (Fsahatsion, et al., 2013), Blackhead Somali (Fekerte, 2008), Bonga (Edea, 2008;
Zewdu et al., 2009), Gumz (Abegaz et al., 2011), Menz (Tesfaye et al., 2013), Washera (Tesfaye
et al., 2013; Taye et al., 2011), and Doyogena sheep breed (Habtegiorgis et al., 2022). The effect
of lambing year on age at first lambing was significant (P<0.0001). The current finding showed
that the age at first lambing had decreased day after day and better age at first lambing was
recorded in 2021 and 2020 than in the previous years. This was the clear confirmation of

reproductive performance improvement because of selection.

Parity had a significant effect (P<0.0001) on age at first lambing. The ewe which had advanced
parity showed better age at first lambing. This could be because the lambs born from multi-
parous ewes had higher growth rates and reached sexual maturity at an early age which is
associated with better mothering ability of the ewes (Belay and Haile, 2009). The effect of the
district on age at first lambing was significant (P<0.001). Ewe born at Dabat CBBP site had
better age at first lambing than Debark site. This difference could be attributed to the difference

in environment and feed availability and altitude difference.

CONCLUSION AND RECOMMENDATION

The results obtained in this study indicated that the growth and reproductive performance of
Simien sheep had been improved through the implementation of community-based breeding
program. Birth year, the post-partum weight of the ewe and the parity of the ewe were the major

sources of variations in growth and reproductive performance. From the result, clear phenotype
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improvement was observed in both growth and reproductive performance across working years
which could be the contribution of interventions, including selection, implemented under the
CBBP. In both study sites, the community’s selection for color was preferably red cot color and
this could affect the linkage between color and genetic progress of growth traits, which indicated
the breeding program could consider the inclusion of coat color in the selection index. This result
confirmed that appropriate and scientific selection in community-based breeding programs could
be effective in improving the productive and reproductive performance and better conservation
measures of Simian sheep. Based on these conclusive remarks, the following recommendations
were made.

e To confirm the real genetic gain and improvement of this breed it is recommended to do
further genetic evaluation in both productive and reproductive performance.

e Reproductive traits (especially litter size) are usually characterized by low heritability, and
thus, phenotypic selection is often ineffective and slow. Thus to improve fertility
characteristics such as ovulation rate and litter size, it is recommended to select breeding
animals based on their genotype and further genome-wide association study for better
prolificacy is needed.

e Since growth and reproductive performance showed an increased trend, thus establishing a
well-organized cooperative and implementing an advanced way of selection (marker-
assisted) is recommended for bringing further improvement and conservation.

e Improvement of the production environment through feed and feeding technology
interventions, health and other management should better be integrated with the breeding

program.
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ABSTRACT

The objective of this study was to evaluate the breeding soundness of rams used in the existing
community-based breeding programs (CBBPs) of Washera and Simien sheep. Semen was
evaluated in April 2022. Physical soundness, scrotal and other linear body measurements, and
semen analysis were all performed during the breeding soundness evaluation. The overall
performance for physical soundness of Washera and Simien sheep was 90.71 and 86.86%,
respectively. The mean (standard deviation) of semen volume per ejaculation was 0.71(0.19) ml,
with a minimum of 0.4 ml from Simien sheep and 1.2 ml from Washera sheep. The average
gross semen motility score and semen concentration (10°) were 3.50(0.52) and 4.06(1.67),
respectively. Semen concentration was significantly affected by breed, with the lower
concentration being 7.7 (10%) in Simien sheep and the higher 6.98 (10°) in Washera sheep rams.
The current study's average vitality and abnormality percentages were 90.53 (2.16%) and 8.81
(1.30%), respectively. Based on the overall breeding soundness examination, 87.63% of Wahera
rams and 81.95% of Simien sheep rams, for a total of 85.15%, were satisfactory for successful
mating, whereas 13.62% of the rams failed the examination. According to the findings in the
CBBP sites of Washera and Simien sheep, rams above 22.5cm of SC and above 80% for physical
soundness, with acceptable range of semen characteristics can be used for mating and
distribution. Besides, to understand the level of SC for mating rams, further study considering

wider range of age and SC values is important to suggest lower and upper limit as appropriate.

Keywords: Breeding soundness, community based, ram, semen characteristics
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INTRODUCTION

Reproductive performance is the most significant factor impacting flock profitability, in which
the reproductive capacity of the rams plays a key role. In fact, the ram contributes half of a
flock's reproductive potential and genetic change (Mozo et al., 2015; Rekik, 2016), which
requires care during selection. Rams' reproductive capacities are directly or indirectly involved in
the reproductive process, either during natural reproduction or through the production of semen
for artificial insemination (Allaoui et al., 2014). Producers can perform breeding soundness
examinations (BSE) to help determine if a male is capable of mating a female or not. A breeding
soundness examination is an overall evaluation of a male's potential capacity to serve and
impregnate a given number of females over a specified period (Mozo et al., 2015). The
assessment includes a physical examination, body condition score (BCS), scrotal circumference
(SC), an inspection of the reproductive organs, semen collection and evaluation (Kroeze, 2013;
Pezzanite et al., 2019), libido assessment (Mozo et al., 2015), and screening for sexually
transmitted diseases (STDs) (Rekik, 2016). The scrotal circumference (SC) reflects the weight of
the gonad and thus the ability of sperm production (Salhab et al., 2003), and is also a highly
valuable indicator of the onset of puberty, total sperm production, sperm quality, pathological

conditions of the testes, and the potential for sub-fertility or infertility (Ott, 1991).

In seasonal breeders, breeding soundness examinations should be done at least two months
before the breeding season to allow sheep owners to recover rams from pathologies or poor
physical conditions (Fthenakis et al., 2001; Mozo et al., 2015) and in non-seasonal sheep
populations, like Ethiopian sheep breeds, a continuous evaluation is required and the
examination should also be a routine activity in breeding programs (Rekik, 2016). Periodical
BSE identifies the primary causes of ram failures, making it a crucial tool for increasing the
herd's reproductive efficiency (Oliveira, 2014). Based on the BSE, rams can be classified as
unsatisfactory, questionable, satisfactory, or excellent. Satisfactory rams will achieve good
reproductive performance if coupled to ewes at a 1:50 ratio for 60 days (Tibary et al., 2018;
Kroeze, 2013).

The selection and distribution of rams for mating in Ethiopia's existing CBBP sites is already in
operation based on simple physical evaluation, pedigree information, and breeding values for

selected target traits. Both of these methods do not guarantee ram fertility. Nowadays, the
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number of CBBP sites has increased across the country under the budget support of various
government and non-governmental initiations as it was reported to have tangible genetic progress
and economic benefit (Muller et al., 2019). Furthermore, scaling up the CBBP achievements
hasalso been started. The scaling-up activities were designed to be managed by livestock
extension with the support of research centers (EIAR, 2017). The rams to be distributed were
sourced from existing CBBPs, and as these animals are genetic materials, their failure to mate
after distribution costs the program. Therefore, BSE should be done as a routine activity prior to
ram distribution. This study, therefore, was initiated to determine the effect of breed, body
condition, and scrotal circumference on different semen parameters and to evaluate the breeding
soundness of rams used in the existing CBBPs of Washera and Simien sheep to set standards for
use and distribution of satisfactory rams.

MATERIAL AND METHODS
Study sites and breeds

The study was conducted at the Washera and Simien sheep community-based breeding program
sites fin Sekela and Dabat district of the Amhara region, respectively.

Sekela districtis 160 kilometers south of Bahir Dar, the capital of the Amhara National
Regional State, and 74 kilometers north of Finote Selam, the capital of the West Gojjam Zone.
The district has 27 kebeles, of which 26 are rural-based. The district's total area coverage is
estimated to be 6534.5 hectares, with highland (Dega), midland (Woynadega), and lowland
(Qola) agro-ecologies accounting for 70%, 18%, and 12%, respectively. It is situated at
10°55'0"N latitude and 37°31' 60"E longitude, at an elevation of 3062 meters above sea level.
The average annual rainfall in the area ranges from 1600 mm to 1800 mm, with an average
temperature of 18°C (Yaregal, 2021).

Dabat district is located at 12°59'3" N and 37°45'54" E in Amhara National Regional State,
North Gondar Zone. It receives an average annual rainfall of about 1100mm, with the rainy
season lasting from June to October. The annual mean maximum and minimum temperatures are
19.9°C and 8.58°C, respectively (Tafere, 2012).
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Description of the breeding program

The breeding program in Washera sheep genetic improvement and conservation was started in
2000 at Quarit and Yilmananadensa districts as village based breeding program. With a long
journey of ups and downs in the breeding program of the breed, currently two villages at Sekela
district were established for the genetic improvement of Washera sheep under the management
of Andasa Livestock Research Center. The approached followed is community based breeding
program (CBBP). In the program, growth rate (mainly six month weight), and twining rate were
breeding objectives selected by the farmers. The breeding was controlled, only the selected rams
could get the chance to mate with the females. The weaned lambs are ranked and the highest-
ranking 20-25% of the animals is retained for breeding based on consecutive weight changes
starting from three month according to their breeding value. Selected rams mate in the ratio of
1:30 under ram user group arrangement. Ram exchange between unrelated pedigree rams was

done between groups. Ram selection continues in the same fashion as described above.

The breeding program for Simien sheep was started around 2017 as a community based breeding
program approach at selected villages of Dabat and Debark districts and run by Gondar
Agricultural Research Center. The selection criteria used to select mating rams was yearling
weight, twining rate and survival of kids. The young rams (=6 month) were screened based on
their breeding value (own and maternal performance record information, farmers preference
selection index) and independent culling of animals for observed defects was done. The selection
of best rams’ was made by representative farmers from the community in relation with
researchers. With a similar approach with Washera sheep the rams were used with ram user

groups and rotation of them kept similar.
Source and type of data

Active matting rams from the community based programs of the two breeds were selected
purposively. For physical soundness evaluation, a total of 63 rams (28 from Washera sheep and
35 from Simien sheep) were used and physical body measurements were taken from these rams.
The semen samples were collected from 16 rams, 10 from Washera sheep and 6 from Simien

sheep and the semen analysis was conducted in April 2022. The rams had an age category of one
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to five years of age. From the total, five rams at both breeds were replacement rams with no

mating history and the remaining had a minimum of six month to one year age of mating service.
Data collection procedures

Physical soundness examination

The physical soundness examination includes testicular symmetry (1 = symmetric and 2 = non-
symmetric), testicular shape (1 = normal and 2 = abnormal), scrotal firmness (1 = firm rubber
ball and 2 = extremely hard and very soft), body condition score (thin = 1-2 score, moderate = 2-
3, and fattened: above 3), rear leg conformation (1 = desirable and 2 = camped behind,
bowleggedness (base narrow) and toed-out stance (base wide)), and alertness (1 = healthy and
alert and 2 = non-healthy and inactive), and general health condition of eyes, feet, head, neck,
and nasal cavity. These parameters were collected with a degree of acceptance. Each level of the
evaluation was done using the breeding soundness examination (BSE) reference standards
established by Yelich (2008) and Mozo et al. (2015), and the interpretation was performed using
Tibary et al. (2018).

Scrotal and other linear body measurements

The scrotal circumference was measured at the widest part of the scrotum and recorded in
centimeters. Body measurements like heart girth (cm), weight (kg), height at prepuce (cm), rump
height (cm), body length (cm), height at weather (cm) and face length (cm) were collected from
rams at the CBBP sites. The estimated body weight was determined using the following formula
(https://practicalfarmers.org):

HG (inch)?+BL (inch)
300

BW=

Where: BW is the estimated body weight in pounds, HG is the heart girth in inches, and BL is
the body length in inches.

Semen Analysis
Semen was collected using an artificial vagina (AV) at a temperature of 42-43°C. The ram's
prepuce was cleaned before collection to prevent contamination of the semen. The semen

collection was done in the morning and in shaded areas to avoid ram tiredness and sperm death
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from direct sunlight. The libido of the ram was measured and scored from 5 to 1 (Tibary et al.,
2018; Goshme et al., 2020), as described below:

e Excellent (5): When the ram is eager to mount the teaser ewe after being introduced to
the test pen and the staff is still unable to hold it.

e Very good (4): The ram mounts immediately after the teaser, but the staff manages to
keep it under control.

e Good (3): The ram sniffs around the teaser when brought to it and begins to mount after
1-2 minutes.

e Poor (2): The ram sniffs around the teaser for a while, mounts it in three to four minutes,
collapses the artificial vagina, and mounts it repeatedly while ejaculating.

e Very poor (1): The ram shows no interest in sniffing or mounting.

Semen evaluation
Semen color was evaluated subjectively and classified as milky, watery, thin creamy, creamy,
and thick creamy (Goshme et al., 2020). Semen volume was measured using a graduated
collecting glass (0.1 mL graduation). Ejaculates were placed in a thermos flask containing water
at 35-37°C while being processed. Sperm mass motility was estimated subjectively by using a
phase contrast microscope. For that purpose, semen was collected using a pipette, dropped on a
slide, covered with a cover slip, and examined using the objective lens at 10 times magnification.
The mass motility was assigned a score between 0 and 5 based on the intensity of the wave
motion. The value of sperm mass motility was calculated based on Goshme et al. (2020), as
described below:

e 0 = zero (all spermatozoa are immotile).

e 1 =Very poor (weak movement of semen with 10% active spermatozoa).

e 2 =Poor (poor movement of semen with20—40% active spermatozoa).

e 3 = Fair (small, slow-moving wave with 40—75% active sperm cells).

e 4 = Good (dense, vigorous wave movement with 75-90% active sperm cells).

e 5 = Very good (cloudy, dense, and rapidly moving waves with more than 90% active

spermatozoa).
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The concentration of sperm was measured using a portable spectrophotometer pre-calibrated for
ram semen (Ovine-caprineAccuread photometer; IMV®, France). Sperm cell concentration was
estimated using a micropipette to take normal saline (0.9%) and put 4 ml of normal saline and 10
microliters of fresh semen on the UV Macrocell (UV Macro Cell 2.5-4.5 ml, Great Britain) and
mix gently and measure the concentration using an Accu Read IMV Technologies SA, 232

Spectrophotometer.

For spermatozoa live/dead ratio (semen morphology), semen was stained with eosin-nigrosin
stain followed by microscopic examination (40 times). Spermatozoa with red heads were
counted as dead cells, while those with colorless heads were considered live spermatozoa (Tibary
et al.,, 2018). The proportion of morphologically abnormal spermatozoa was determined by
examining 200 spermatozoa in an eosin-nigrosin smear under the same magnification. The
spermatozoa were evaluated for vitality (percentage of live spermatozoa) and abnormal

percentages (head, midpiece, and tail abnormal).

Statistical Analysis

Breed, body condition score, scrotal circumference, libido, and age were used as factors to
evaluate the semen characteristics. The data were analyzed using the General Linear Model
(GLM) procedures of the SPSS (version 22). Post-hoc Least Significant Difference (LSD) tests
were used to compare the means. The results are presented as means (SD), with p<0.05 set as the

level of statistical significance.

Yijmi= H*+Bj + Lj + Cx + S; + Am + €jjkm

Where: Yijam is the characteristics of the semen (volume, motility, color, concentration, vitality,
and abnormal), p is the overall mean, B; is the effect of i breed (Washera and Simien), L is the
effect of j™ libido score (3, 4 and 5), Sy is the effect of k™ body condition score (Medium (2-3
BCS) and Good (>3BCS)), C; is the effect of the I scrotal circumference (<20cm, 21-23cm, and
>23cm), An is the effect of m™ age (<12 months, 12-24 months, and >24 months), and Bijkim 1S

the residual effect.
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RESULT AND DISCUSSIONS

Rams’ Physical Soundness

The overall performance of Washera and Simien sheep for physical soundness was 82.74 and

77.62%, respectively (Figure 1), which was a good indicator for the selection of rams at CBBP

sites. The parameters sued in physical soundness had evaluated based on the degree of

acceptance and average was calculated for each parameter and the overall was averaged from all

parameters. Physical soundness also indicates the ram's ability to deliver semen to ewes and the

producers’ management level. Physical problems like lameness, blindness, and penile or

preputial issues may not affect semen production or quality. However, rams will be unable to

find and mate with estrous ewes, resulting in poor reproductive performance (Tibary et al.,

2018).
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Rlcon = rear leg conformation; HICo = health condition of the ram

Figure 1. Physical examination results for Washera and Simien sheep rams.
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Effect of Fixed Factors on Semen Quality Parameters

Semen volume: The mean (SD) semen volume per ejaculation was 0.71(0.19) ml, with a
minimum of 0.4 ml from Simien sheep and maximum of 1.2 ml from Washera sheep. Semen
volume could have been higher if there had been training with the artificial vaginal a day or two
before. The volume varied significantly (P<0.01) between breeds, libido score, and ram age
(Table 1). Rams with five libido scores and rams older than two years gave a higher volume of
semen per ejaculation. A significant difference between semen volume and breed and age was
also reported (Arrebola-Molina et al., 2020; Rege et al., 2000) for different sheep breeds in
Spain. The average volume of semen per ejaculate (ml) was comparable to that of the Menz
sheep ram (0.7 ml) but lower than that of the Dorper sheep ram (1.14 ml) and the AwassixMenz
(AXM) crossbred (0.92 ml) (Goshme et al., 2020).

Gross semen motility score: The average gross semen motility score was 3.50 (0.52), indicating
that more than 70% of sperm cells are active (Table 1). In the current study, no factor had a
significant (P>0.05) difference in semen motility. Similarly, Arrebola-Molina et al. (2020) found
no significant differences in semen mass motility between breeds or BCS. Furthermore, the
current study's average motility score was comparable to the average mass motility scores of
Awassi X Menz (3.4), Dorper (3.18), and Menz (3.17) sheep (Goshme et al., 2020).

Semen concentration: Sperm concentration is the number of sperm per milliliter of semen, and
total sperm count is the total number of sperm in the entire ejaculate (sperm concentration times
semen volume) (Centola, 2018). Semen concentration was significantly affected by breed; the
lower concentration was 7.7 (10°) in Simien sheep and 6.98 (10°%) in Washera sheep rams.
Furthermore, libido score significantly affects sperm concentration (Table 1). The current
concentration observed in both breeds provides a good insight for conducting artificial
insemination to speed up genetic dissemination. According to Larsen (2021), 300 million
spermatozoa were used for single insemination. Based on this data, 10 ewes can be inseminated
with an average number of 4.06 (1.67) (10°) spermatozoa and 0.71(0.19) ml of semen volume.
The current study's average semen concentration (10°) was higher than the Menz (2.44) and
Awassi X Menz (3.34) sheep breeds and comparable to the Dorper (4.1) sheep breeds (Goshme

et al., 2020). The current study's concentration was considered normal based on Faigl et al.
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(2012), who reported a normal concentration range of 3.5 to 6.0 billion. A similar study
discovered no statistically significant difference in sperm concentration between breeds and BCS
(Arrebola-Molina et al., 2020).

Semen morphology: The vitality and abnormality percentages were estimated using
morphology analysis (Table 1). The current study's average vitality and abnormality percentages
were 90.53% (2.16) and 8.81% (1.30), respectively (Figures 2 and 3). The percentages of
abnormalities in the head, midpiece, and tail were 0.16, 0.32, and 8.52%, respectively. The
current result exceeded the findings of Faigl et al. (2012) and Goshme et al. (2020), who reported
an average vitality range of 70-80 and 84.04% for different breeds, respectively. Only the libido

score and age showed a statistically significant (P<0.05) difference in semen vitality.

abnormal head (eosin-nigrosin stain)
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Semen color: The average value for semen color was 2.94 (1.48), characterized as thin creamy
from the five color ranges. The color observed in this study coincided with the findings of Pankaj
et al. (2018), who reported a color range of 1.9 (1.0) to 4 (0.0). Color can indicate injury or

infection in the reproductive tract (Pankaj et al., 2018) and sperm concentration.

Correlation between semen quality parameters

In the current study, the mean (SE) values for SC, libido score, and BCS were 23.06 (0.52), 4.31
(0.19), and 2.50 (0.10), respectively. Higher libido scores were observed in both breeds,
increasing the ram's ability to deliver semen to females (Tibary et al.,, 2018). A positive
significant (P<0.05) correlation was found in the age of the ram with semen volume and
concentration, body condition with libido score and semen color, libido score with semen
concentration, and semen volume with mass motility and concentration (Table 2). Furthermore,
the scrotal circumference was strongly correlated to body weight and condition score. There was
a significant correlation between body condition and scrotal circumference, as well as scrotal
circumference and sperm abnormality (Goshme et al., 2020). A similar study found a significant
correlation between age and sperm volume, scrotal circumference with age, and BCS (Arrebola-
Molina et al., 2020).

Effect of Breed and Age on Scrotal Circumference and Physical Body Measurements

There is a significant (P<0.05) difference between the breeds in all physical body measurements.
This indicates that the ram sources were from different breeds, each with distinct characteristics
and adaptations (Table 3). Washera and Simien sheep breed rams had average scrotal
circumferences of 24.21 (0.65) and 22.05 (0.53) cm, respectively, with a mean of 23.13 (0.42)
cm. A higher average scrotal circumference was reported for Washera sheep at 27.5 (1.29) cm
(Tesfaye et al., 2009) and Simien sheep at 24.2 (1.8) cm (Melaku et al., 2019). The average
scrotal circumference of Ethiopian sheep breeds viz. Horro, Bonga, and Menz increases from 25
cm at one year to 30 cm at four years of age. The target scrotal circumference for larger breeds,
such as Awassi, is reported to be 36-38 cm (Rekik, 2016). Compared with these findings and the
guideline (Pezzanite et al., 2019), the average scrotal circumference recorded in the current study
is satisfactory for breeding purposes.

According to reports, SC contributed significantly to BSE in males (Tibary et al., 2018). Age had

a significant (P<0.01) effect on SC, with scrotal circumference increasing as age advances.
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According to this finding, rams older than two years have an excellent scrotal circumference, so
it is preferable to use rams older than two years at breeding sites. Other studies have also found a
significant relationship between age and scrotal circumference (Rekik, 2016; Pezzanite et al.,
2019).
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Table 1. Mean (SD) values of semen quality parameters across different fixed factors

Parameters Volume/ejaculation (ml) Motility (1-5) Color Concentration (10°)  Vitality (%) Abnormal (%)
Overall 0.71(0.19) 3.50(0.52) 2.94(1.48) 4.06(1.67) 90.53(2.16) 8.81(1.30)
Breed * ns ns * ns ns
Washera 0.76(0.21) 3.60(0.52) 3.10(1.52) 4.49(1.54) 90.20(1.70) 8.60(1.51)
Simien 0.62(0.15) 3.33(0.52) 2.67(1.51) 3.34(1.77) 91.08(2.87) 9.17(0.88)
BCS ns ns ns ns ns ns
Medium 0.68(0.16) 3.46(0.52) 2.73(1.56) 3.91(1.91) 90.68(2.42) 8.82(1.52)
Good 0.76(0.27) 3.60(0.55) 3.40(1.34)  4.39(1.08) 90.20(1.64) 8.80(0.76)
SC ns ns ns ns ns **
<20cm 0.75(0.07) 4.00(0.00) 4.50(0.71) 5.69(1.82) 90.25(2.47) 9.50(0.00)
21-23cm 0.72(0.19) 3.33(0.52) 1.67(1.21) 3.24(1.86) 90.50(2.53) 9.50(1.09)
>23cm 0.69(0.23) 3.50(0.53) 3.50(1.07) 4.26(1.29) 90.63(2.13) 8.13(1.30)°
Libido score * ns ns ** ** ns
3 0.67(0.06)" 3.33(0.58) 2.00(1.73)  3.48(1.22)* 88.67(1.76)° 9.33(1.26)
4 0.62(0.15)" 3.60(0.55) 3.00(1.41)  2.90(1.98)" 92.20(2.08) 9.20(1.15)
5 0.78(0.24)* 3.50(0.53) 3.25(1.49) 5.00(1.11)* 90.19(1.75)*  8.38(1.41)
Age * ns ns ns * *
<12 month 0.68(0.16)" 3.60(0.55) 2.60(1.82) 3.61(2.65) 90.60(2.33) 9.70(0.76)
12-24 month  0.67(0.16)° 3.43(0.53) 3.00(1.41) 4.05(1.15) 91.50(1.85) 7.71(1.07)°
>24 month 0.80(0.29)* 3.50(0.58) 3.25(1.50) 4.63(1.11) 88.75(1.71)° 9.63(0.63)

BCS = body condition score; SC = scrotal circumference; ns = non-significant; *P<0.05; **P<0.01
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Table 2. Partial correlation between semen quality parameters

Variable Age SC BW BCS LS SV Color MS Concn Viability AP

Age 0.222  0.608**  0.284 0.027 0.649***  0.213 0.284 0.410* -0.395* 0.089
SC 0.445**  0.384* 0.203 -0.137 0.218 0.116 0.086 0.306 -0.609***
BW 0.627***  0.232 0.283 0.299 0.036 0.134 -0.262 -0.355*
BCS 0.658*** 0.065 0.476**  0.044 0.309 0.239 -0.525**
LS 0.255 0.286 0.045 0.446**  0.145 -0.305
SV 0.194 0.521**  0.564**  -0.283 0.325
Color 0.553**  0.558**  0.257 -0.188
MS 0.463**  0.261 0.270
Concn -0.207 -0.091
Viability -0.273
AP

SC = scrotal circumference; BW = body weight; BCS = body condition score; LS libido score; SV = semen volume; MS = mass

motility; Concn = concentration; AP = abnormality percentage.

Table 3. Effect of breed and age on somebody measurement parameters

Parameters N BW SC BCS HW BL HR FL HP
Overall 63 25.26(0.67) 23.13(0.42) 2.26(0.07) 66.93(0.48) 50.61(0.80) 68.85(0.62) 18.26(0.20) 33.60(0.46)
Breed **kk *% *% *% * **k*k * *
Washera 28 27.64(1.04) 24.21(0.65) 2.33(0.11) 69.65(0.74) 52.24(1.24) 71.01(0.96) 18.61(0.31) 34.64(0.71)
Simien 35 22.88(0.85) 22.05(0.53) 2.19(0.09) 64.21(0.61) 48.99(1.02) 66.68(0.79) 17.91(0.26) 32.56(0.58)
Age **kk **x **x **x * *%x * **x
OPPI 19 22.92(1.20) 20.79(0.75) 2.06(0.12) 63.29(0.86) 52.92(1.44) 66.87(1.12) 17.24(0.37) 32.27(0.82)
1PPI 19 19.12(1.16) 21.77(0.72) 2.02(0.12) 63.56(0.83) 44.55(1.39) 66.36(1.08) 17.61(0.35) 32.00(0.79)
2PPI 12 26.94(1.49) 23.19(0.93) 2.28(0.15) 68.94(1.07) 52.94(1.79) 70.50(1.39) 18.44(0.45) 33.69(1.02)
3PPI 13 32.07(1.47) 26.76(0.91) 2.67(0.15) 71.93(1.05) 52.04(1.75) 71.65(1.36) 19.76(0.45) 36.43(1.00)

SC = scrotal circumference; BW = body weight; HP = height at prepuce; BCS = body condition score; HW = height at weather; BL =
body length; HR = height at ramp; and FL = face length; *P<0.05; **P<0.01; ***P<0.001
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Correlation among Scrotal Circumference and Other Body Measurements

According to the partial correlation, all body measurements correlated positively with scrotal
circumference (Table 4). Scrotal circumference of rams was significantly (P<0.01) correlated
with body weight, body condition score, body length, and face length. There was a significant
relationship between scrotal circumference and age and body weight for Menz rams (Mukasa-
Mugerwa and Ezaz, 1992; Allaoui et al., 2014). Nutrition can improve measurements like body
weight and condition, and the positive correlation between these traits and SC indicates that

nutrition can improve ram fertility and SC.

During feeding trials, Mehari et al. (2009) found a 0.45 cm scrotal circumference gain in Arsi
breed ram lambs, and Mukasa-Mugerwa and Ezaz (1992) reported a gain in scrotal
circumference and other body measurements in Menz rams with different nutrition levels. Dana
et al. (2000) found that non-supplemented rams had a 10% decrease in scrotal circumference.
Azizunnesa et al. (2013) declared that rams supplemented with concentrate had higher levels of
SC and semen-related parameters. Excessive concentrate feeding, on the other hand, increases
scrotal fat, which lowers sperm concentration and other semen characteristics (Vipond and
Morgan, 2008). As a result, feeding should be at its optimal level to control the ram's over and

under body conditions.

Table 4. Partial correlation between scrotal circumference and other body measurements

Age BW SC HP BCS HW BL HR FL
Age 05317 0590  0.399%*  0394** 0.635* 0081 0.406"* 0.491%*
BW 0.576%%*  0356**  0.706%**  0.686*** 0813  0625%*  0.640%*
e 0.372%%  0461%**  0.469%** 0314 0.332%* 0.437%+
HP 0.352%* 0.471%**  0.158ns 0.302* 0.335%*
BCS 0.418** 0.611%%%  0.497*%*  0.358**
HW 0.323* 0.698%**  0510%**
BL 0.427%* 0.388**
HR 0.465%**

FL

SC = scrotal circumference; BW = body weight; HP = height at prepuce; BCS = body condition
score; HW = height at weather; BL = body length; HR = height at ramp; and FL = face
length; *P<0.05; **P<0.01; ***P<0.001

Breeding Soundness Examination (BSE) and Interpretation
Rams are classified into three categories: satisfactory, questionable, and unsatisfactory, based on

BSE. The category was based on physical examination score, scrotal circumference, and semen
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characteristics (Tibary et al., 2018). Values above the average were used as the cut values to
assess the satisfactory rams. Based on the breeding soundness examination (Table 5), 87.63% of
Wahera rams and 81.95% of Simien sheep rams, with an overall rating of 85.15%, were
satisfactory for successful mating. Physical examination, body condition, scrotal circumference,
and semen color were the main reasons for failure. Oliveira et al. (2014) reported a significantly
higher rate of ram BSE failure (22.15%). Ram conformation (Arrebola-Molina et al., 2020), as
well as body condition and semen character (Oliveira et al., 2014), have also been reported as
causes for ram BSE failure. There was no significant difference between satisfactory and
questioned rams in semen quality parameters (Table 5). The rams can successfully serve up to 30

ewes in an unsynchronized free grazing flock.

Those rams (14.85%), which were not satisfactory in this study, were mainly failed in BCS
score, SC, and sperm color; and there is no any difference in semen quality parameters (Table 5).
These characteristics have all been highly correlated with the season and nutrition (Bagley, 1997;
Vipond and Morgan, 2008; Goshme et al., 2020), indicating that these rams can be satisfactory if
well managed and classified as questionable rams for this study. Satisfactory rams should also be
in good general health, have good body conformation, a normal genital tract, and have no history
of infertility (Tibary et al., 2018). Values above the average for BCS and SC were used as the cut
values to assess the satisfactory rams; while for semen characteristics references were taken from
reports (Tibary et al., 2018; Rekik, 2016; Pezzanite et al., 2019; Arrebola-Molina et al., 2020).

Table 5. Breeding soundness examination parameters for satisfactory rams

Average values for satisfactory ram Breed Overall
Washera Simien

Physical examination (above 80% sound) 82.74 77.62 80.18
Body condition score (above 2) 92.8 88.90 915
SC (above 22.5cm) 67.86 57.14 61.9
Semen color (thin to thick creamy) 70 50 62.5
Sperm morphology (>70%) 100 100 100
Sperm motility (=30 % progressive motility 100 100 100
Abnormal sperm cells (< 15-20%) 100 100 100
Overall average (%) 87.63 81.95 85.15
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CONCLUSION AND RECOMMENDATIONS

Implementing BSE as a routine activity under CBBP sites can improve the productivity of
participant farmers under the program through the introduction of fertile ram. Both breeds' better
libido and semen characteristics allowed the use of artificial insemination to speed up the
program's genetic and financial gains. Rams on the CBBP sites are handled by hand at farms,
with varying management and mating schedules throughout the year. This condition requires
careful management of rams throughout the year to improve the lambing rate and shorten the
ewe's mating age, resulting in an increasing kid crop. With the overall soundness,
disseminating/use of these few abnormal animals will have significant effect on breeding and
economic benefit so that routine evaluation is crucial. In the CBBP sites of Washera and Simien
sheep, rams above 22.5 cm of SC and above 80% for physical soundness, and acceptable range
of semen characteristics can be used for mating and distributed for other CBBP sites. Besides, to
understand the level of SC for mating rams, further study considering wider range of age and SC
values is important to suggest lower and upper limit as appropriate. On top of this, considering
the physical soundness, rams those are alert and active, without feet, eyes, or conformation
anomalies, can be selected for mating in areas lacking laboratory facilities for semen evaluation.
Besides these BSE parameters, selection should also consider rams with higher breeding values
based on traits of interest. As the activity had done at one season, it will be better to conduct in
different seasons by training the rams and repeatedly. Overall, the results indicate the importance
of furnishing semen evaluation equipment in order to better evaluate rams on semen-related
parameters, which would be done with research centers and supporting projects working in small
ruminant CBBPs. For the CBBP to be more effective and to accelerate gains, the technical

capacity for artificial insemination still has to be developed.
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ABSTRACT

The present study was carried out to estimate genetic and phenotypic parameters for growth rate
and efficiency-related traits in Dorper crossbred sheep population. Data on body weight collected
from 2012 to 2021 at Debre Birhan Agricultural Research Center, Amhara Regional State,
Ethiopia, were used to estimate phenotypic and genetic parameters for daily gain from birth to
weaning (DGO0-3), daily gain from weaning to six months (DG3-6), and daily gain from six
months to yearling (DG6-12) and corresponding kleiber ratios (KR0-3, KR3-6, KR6-12),
efficiency of growth (GEO-3, GE3-6, GE6-12) and relative growth rate (RG0-3, RG3-6, RG6-
12). Genetic parameters were estimated by restricted maximum likelihood (REML) procedure
fitting six different univariate animal models and the most appropriate model for each trait was
determined by log-likelihood ratio test. Multivariate analysis was carried out to estimate
correlations between traits. Year and season of birth had a significant effect (P<0.001) in all
studied traits. Direct heritability estimates for DG0-3, DG3-6, DG6-12, KR0-3, KR3-6, KR6-12,
GEO-3, GE3-6, GE6-12, GR0-3, GR3-6, and GR6-12 were 0.45+0.15, 0.04+0.06, 0.15+0.11,
0.30+0.08, 0.13+0.11, 0.14+0.12, 0.34+0.15, 0.39+0.17, 0.31+0.14, 0.25+0.08, 0.23+0.13, and
0.23+0.13, respectively. Additive genetic coefficient of variation (CVa) were used as a measure
of genetic variability and ranged from 7.26% (KRO0-3) to 48.45% (GE3-6). The genetic and
phenotypic correlation between studied traits ranged from -0.47 to 0.98. Genetic correlation
estimates between DG3-6 and other traits were positive and high in magnitude to their respective
growth phase (0.95, 0.86, and 0.91 for KR3-6, GE3-6, and GR3-6, respectively. The Dorper
crossbred sheep is a meat type and reaches market weight at about six months of age, focusing
on improving traits measured during weaning to six months of age is more economical and

feasible. Selection based on DG3-6 is recommended to improve efficiency related traits.

Keywords: Efficiency-related traits, genetic correlation, genetic parameter, heritability
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INTRODUCTION

Ethiopia holds the largest sheep population with a constantly growing heads of 42.91 million
(CSA, 2021). Despite the huge number and large importance, productivity of the flock is very
low. The carcass yield per animal slaughter is estimated to be 10 kg which is lower than the sub
Saharan African sheep breeds (13 kg) (Abdi et al., 2019; Legese and Fadiga, 2014). Although
the indigenous sheep breeds are adapted to the existing environmental situation, they have
limited genetic capacity to sustaining the fast growing demand for animal product (Getachew et
al., 2016). To this end, to meet the ever-increasing demand for animal product, crossbreeding
program based on exotic sires (mainly Awassi and Dorper) has been implemented since the early
1980s.

The pure Dorper nucleus flock was established at Debre Birhan Agricultural Research Center
(DBARC) to be used as an improver breed in a crossbreeding program in 2011. While Dorper-
based crossbreeding program has been implemented to improve the growth rate and carcass
quality of indigenous sheep population in 2012. The research on Dorper-based crossbreeding
program was focused on the development of synthetic breed from Dorper-local sheep crossing,
production of 50% crossbred rams, and utilization of the crossbred ram in village-based
crossbreeding program. The synthetic breed development and 50% crossbred ram production has
been implemented at DBARC sheep research station and a new breed-to-be is in the making.
While the village-based crossbreeding program has been implemented in pre-defined demarcated
area of Amhara region in order to prevent the indigenous breeds from unnecessary genetic
dilution. The rapid weight gain, high carcass quality, and non-selective grazing ability of the
crossbred lambs under farmer management condition make them one of the preferred breed for
the genetic improvement of the local populations in the central highland of Ethiopia (Abebe et
al., 2016; Mekonnen et al., 2018).

Besides, focusing on improving productivity through genetic improvement, improving the feed
utilization efficiency of the breed is vital for efficient and sustaining the breeding program.
Currently, due to rapid population growth and urbanization in the country, grazing pastures are
shrinking and shifting into arable land. As a result, sheep production in the central highland of
Ethiopia are being shifting from extensive system to semi-intensive system in which feed cost

comprises most of the production costs. Therefore, improving efficiency of meat production by
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reducing the cost of mutton production is crucial to improve the efficiency of genetic
improvement program (Ghafouri-Kesbi and Gholizadeh, 2017). To include such traits in the
selection index, knowledge on genetic parameters regarding both growth rate and efficiency-
related traits is vital. While information on genetic parameters for growth traits and kleiber ratio
is available (Shanbel et al., 2022; Zeleke et al., 2020), there is no information regarding genetic
parameter for efficiency of growth and relative growth rate in Dorper x Local sheep in Ethiopia.
Therefore, this study was conducted to evaluate the on-ongoing Dorper x Local sheep
crossbreeding program and generate information to optimize the breeding program by evaluating
the genetic parameters for growth rate and efficiency-related traits of Dorper crossbred sheep

population.

MATERIALS AND METHODS

The breeding flock and management

Data used in this study were obtained from the sheep research station of Debre Birhan
Agricultural Research Center (DBARC), Amhara Regional State, Ethiopia which is located 120
km North-east of Addis Ababa at a latitude of 09°36'23"”N and longitude of 39°39'10"E. The
altitude is approximately 2,765 m.a.s.l. The area is characterized by a bi-modal rainfall pattern,
where the main rainy season is from June to September and unreliable short rainy season is
expected from February/March to April. Since 2012, local ewes were mated with pure Dorper
rams to produce 50% crossbred lambs at the research station. Then the crossbred ewe lambs
produced in the first cross were mated with the best 50% crossbred rams (Inter se mating) to
develop synthetic breed through successive crossing. However, the third generation (F3) mating
has been started since 2019. In this regard, about 1350 crossbred animals descended from 46
sires (25 pure Dorper to produce F1 crossbred lambs and 21 crossbred Dorper rams (50%) for
successive crossing) and 586 dams (265 local and 321 Dorper 50%) were produced from 2012 to
2021. Breeding rams were selected based on estimated breeding value (EBV) on six months
weight and other morphological traits such as color, absence of horn, and body conformations.
Ewes were first exposed to ram at about 14 months of age. Controlled mating was practiced, and
one selected breeding ram was allowed to mate with 25 to 30 ewes and mating were lasted on
average of 60 days. Since 2019, MateSel software has been applied to make mating group in

order to control inbreeding and to maximize genetic gain across generation. New born lambs
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were weighed and ear-tagged at the time of birth or 24 h afterwards and animal’s parent, date of
birth, sex of lamb, birth litter size, and color were recorded. Lambs were usually separated from

their dam at 3 months of age.

The animal were allowed to graze on natural pasture during the day time for 6 to 7 h and penned
at night during dry and short rainy seasons (from September to June). On the other hand, because
of high occurrence of mortality due to fasciolosis outbreak in 2014, all animals were forced to
stay indoors at day and night times during the main rainy season (from July to September) and
fed dry hay as a basal diet without any supplementation of vitamins and minerals premix.
However, since 2019, the animals were allowed to feed on green forage and grass with a cut and
cray feeding system. The experimental animal were supplemented with 200 to 400 g/head/day
mixed concentrate depending up on status, age category, and availability of grazing feed. The
mixed concentrate had 19.9% crude protein and 79% total digestive nutrient. The animal has free
access to fresh water twice a day. As a routine flock health management practice of the research
center, the experimental animals were drenched against internal parasites and were vaccinated

against common viral diseases occurring in the area.

Data collection, management and analyses

Traits considered in this study were birth weight (WTQ), weaning weight (WT3), six months
weight (WT6), yearling weight (WT12), daily gain from birth to weaning (DGO0-3), daily gain
from weaning to six months (DG3-6), daily gain from six months to yearling (DG6-12), kleiber
ratio from birth to weaning (KRO0-3), kleiber ratio from weaning to six months (KR3-6), kleiber
ratio from six months to yearling (KR6-12), growth efficiency from birth to weaning (GEO0-3),
growth efficiency from weaning to six months (GE3-6), growth efficiency from six months to
yearling (GE6-12), relative growth rate from birth to weaning (GR0-3), relative growth rate from
weaning to six months (GR3-6) and relative growth rate from six months to yearling (GR6-12).
Birth weight was taken within 24 h after the birth of a lamb. Weaning, six month and yearling
weights were taken by synchronized lambing occurred within 5 days interval from the actual
weighted dates and adjusted to the exact days of 90, 180 and 365 respectively. In meat type
breed, daily gain is an important component of market lamb production and affects the economic
success of producing slaughter lambs (Eskandarinasab et al., 2010). Daily gain was calculated as
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DGO0-3 = ((WT3-WT0)/90) X 1000, DG3-6 = ((WT6-WT3)/90) X 1000 and DG6-12 = ((WT12-
WT6)/180) X 1000. The Kleiber ratio has been proposed as an efficient criterion for feed
efficiency under low-input range conditions which provides a good indication of how
economically an animal grows (Mohammadi et al., 2011). Kleiber ratio was computed as KR0O-3
= ADG0-3/WT3""®, KR3-6 = ADG3-6/WT6%" and KR6-12 = ADG6-12/WT12%", accordingly
to Kleiber (1947). Efficiency of growth was calculated as GEO-3 = (WT3-WTO0)/WTO0) X 100,
GE3-6 = (WT6-WT3)/WT3) X 100 and GE6-12 = (WT12-WT6)/WT6) X 100. Relative growth
rate was computed as GEO-3 = (Loge (WT3) - Loge (WT0))/90) X 100, GE3-6 = (Loge (WT6) -
Loge (WT3))/90) X 100 and GE6-12 = (Loge (WT12) - Loge (WT6))/180) X 100. Additive
coefficient of variation (CVa) allow us to have an insight into the genetic variability of traits as
well as to compare precisely traits measured at different times or in different population
(Ghafouri-Keshi & Gholizadeh, 2017). Additive coefficient of variance estimated as (CVa) =

| %& . ... . . — .
‘Txiﬂﬂ where ¢, is additive genetic variance and ¥ is the sample mean.

Fixed effects for growth rate and efficiency-related traits were estimated using the GLM
procedure of SAS 9.1 software. The fixed effects considered were: generation of lambs in three
class (1%, 2" and 3™, second and third generation lamb was produced by self-mating of first and
second generation lambs respectively, sex of lambs in two classes (male and female), birth litter
size in two classes (single and twin), parity of dam in six classes, year of lambing in 10 classes
(2012-2021) and season of lambing in three classes (rainy, dray and short rainy season). Means
were compared using Tukey-kramers test.

The model used for the analysis of growth rate and efficiency-related traits was

Yijkm = p + Gri + YTj + Bty + Bsj+ Py +S;1 + €jjimn

Where Yijum is an observation; p is overall mean; Gr; is fixed effect of lamb generation; Yr; is
fixed effect of year of birth; Bt is fixed effect of birth type; Bs is fixed effect of birth season; Pp,

is fixed effect of parity; S, is fixed effect of sex of lamb and ejjiumn IS residual error.

(Co) variance components and genetic parameters were estimated using restricted maximum
likelihood (REML) method fitting univariate animal model using WOMBAT software (Meyer,
2012). Multivariate analysis was applied for genetic and phenotypic correlation estimates. By
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excluding or including permanent environmental or maternal genetics effects, the following six

Univariate animal models were fitted for each trait.
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Table 1. Characteristics of data structure.

Parameters Traits

DG0-3 DG3-6 DG6-12 KRO0-3 KR3-6 KR6-12 GEO0-3 GE3-6 GE6-12 GR0-3 GR3-6 GR6-12
No. of records 905 688 434 905 688 434 905 688 434 905 688 434
No. of animals 1110 859 542 1110 859 542 1110 859 542 1110 859 542
Sire 43 39 32 43 39 32 43 39 32 43 39 32
Sire® 7 7 2 7 7 2 7 7 2 7 7 2
NPR/Sire 21.05 17.64  13.56 21.05 1764 1356 21.05 1764 1356 21.05 17.64 13.56
Dam? 267 218 132 267 218 132 267 218 132 267 218 132
Dam” 98 79 54 98 79 54 98 79 54 98 79 54
NPR/Dam 3.39 3.16 3.29 3.39 3.16 3.29 3.39 3.16 3.29 3.39 3.16 3.29
Mean 108.84 42.61  50.88 15.65 4.73 411 32713 3256 53.24 1.57 0.28 0.23
S.D. 37.35 38.69  26.73 242 4.03 1.86 128.18 3191 29.72 0.32 0.25 0.11
CV (%) 3052 7279  39.06 13.83 6924 3656 3395 80.36 4655 1814 7211 3981

2 Number of sires and dams with progeny, ° Number of sires and dams with progeny and record, NPR: Average number of progeny
with records, S.D.: standard deviations, CV.: Coefficient of variation, DG0-3: daily gain from birth to weaning, DG3-6: daily gain
from weaning to six months, DG6-12: daily gain from six months to yearling, KRO-3: kleiber ratio from birth to weaning, KR3-6:
kleiber ratio from weaning to six months, KR6-12: kleiber ratio from six months to yearling, GEO-3: growth efficiency from birth to
weaning, GE3-6: growth efficiency from weaning to six months, GE6-12: growth efficiency from six months to yearling, GRO-3:
relative growth rate from birth to weaning, GR3-6: relative growth rate from weaning to six months, GR6-12: relative growth rate

from six months to yearling
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Model (1) y = XB + Zsa + ¢

Model (2) y = XB + Zaa + Zyepe + e

Model (3) y = XB + Zsa + Zym + ¢ Cov(a, m) =0

Model (4) y =X + Zsa + Zym + ¢ Cov(a, m) #0

Model (5) y = XB + Zao. + Zym + Zpepe + ¢ Cov(a, m) =0
Model (6) y = XB + Zao. + Znm + Zpepe + ¢ Cov(a, m) #0

Where y is a vector of observations on the considered traits; B, o, m, pe and e are vectors of
significant fixed effects, direct additive genetic effects, maternal genetic effects, permanent
environment effects and the residual effects, respectively. Whereas X, Z,, Zn and Z, are
corresponding incidence matrices relating the fixed effect, direct additive genetic effects,
maternal additive genetic effects and permanent environmental effects of the dam. Total
heritability (h%) was estimated using the formula 6%, + 0.56°n + 1.50am/o”, (Willham, 1972).
Where ¢%, is additive variance, ¢*y is maternal variance, oun is covariance between direct and
maternal additive genetic effect and o, is total phenotypic variance. Direct heritability (h?y),
maternal heritability (h%,) and relative permanent maternal environmental effects (c?) were
calculated as ratios of estimates of 6%, o’y and o”; respectively, to the phenotypic variance o,
Likelihood ratio tests were conducted, to choose the best model and to test the significance of
random effects for each trait (Meyer, 2006).

RESULT AND DISCUSSION

Phenotypic performance

Mean, standard deviation (SD), coefficient of variation (CV), and pedigree structure of studied
traits are presented in Table 1. Crossbred lambs had remarkably higher daily gain, kleiber ratio,
efficiency of growth and relative growth rate during the pre-weaning phase compared to the post-
weaning growth phases. The result is in close agreement with the findings of Eskandarinasab et
al., (2010); Ghafouri-Kesbi et al., (2011); Ghafouri-Kesbi and Gholizadeh, (2017); Mohammadi
et al., (2012) in different sheep breeds. In addition, traits measured during the pre-weaning
period had smallest phenotypic coefficient of variation (CV). This shows that during the pre-
weaning period, lambs are less affected by environmental factors owing to maternal support.
However, after weaning lambs exposed to environmental stress, which affects growth of lambs.
Moreover, traits measured from weaning to six months of age had higher phenotypic coefficient
of variation (CV) compared to other growth phases. On the other hand, lambs had higher daily

gain and efficiency of growth during six months to yearling growth phase than weaning to six
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months. This result revealed that lambs were highly influenced by environmental factors just at

weaning period than other growth phases. This implies that special attentions is required during

pre-weaning growth phase to produce productive replacement flock and sustaining the breeding

program.
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Figure 1. Phenotypic daily gain trend by year of birth.
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Figure 2. Phenotypic Kleiber ratio trend by year of birth.

Least squares means (+SE) for the traits studied are presented in Tables 2 and 3, respectively.

Year of birth had significant effect (p<0.001) in all studied traits. The significant effect of birth

year on growth performances has been reported ( Baneh and Hafezian, 2009; Ghafouri-Kesbi et
al., 2011; Ghafouri-Kesbhi and Gholizadeh, 2017) for different sheep breeds. The effect of birth
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year arises from differences in climatic and environmental condition, and animal management in
different years (Bakhshalizadeh et al., 2016; Mohammadi et al., 2010). Climate and
environmental changes have an effect on the quality and quantity of grazing pasture, which
affect the availability of feed and other requirements for animals. Phenotypic performance for all
studied traits showed a declining trend over years (Figures 1 to 4). This has happened due to
deliberate shift of animals management associated with fasciolosis outbreak as of the year 2014.
Because of high occurrence of mass mortality in the research center due to fasciolosis outbreak
over the subsequent years, all animals were not allowed to graze on natural pasture during winter
season (July to September), kept indoor and fed only dry hay as a basal diet and supplemented
with 200g head/day mixed concentrate without any supplementation of vitamins and mineral
premix. This management strategy could expose the animals to vitamin E deficiency. Vitamin E
deficiency is often associated with feeding growing lambs for long period (two-three months)
with little or no access to green feed. Moreover, selenium and vitamin E are stored for a short
period in the body, and a continual dietary supply is essential. According to Ramirez-Bribiesca et
al. (2005) and Ziaei (2015) deficiency of either or both selenium and vitamin E can reduce

growth, reproductive performance and immune response of the animals.
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Figure 3. Phenotypic growth efficiency trend by year of birth
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Table 2. Least-squares means+S.E for daily weight gain and Kleiber ratio.

Parameters DGO0-3 DG3-6 DG6-12 KRO-3 KR3-6 KR6-12
Bll’th year **kk **xk **kk **kxk **kk **kxk
Generation ns ** e ns e FAK
F1 110.19+14.24 26.36+13.71%° 44.26+9.88%° 16.02+0.93 3.46+1.45%  4.03+0.75%
F2 89.39+20.46 40.23+19.31° 42.56+13.08° 14.51+1.33 4.54+2.04° 3.69+0.99"
F3 86.18+21.25 17.30+20.17° 66.89+13.80° 14.42+1.38 2.19+2.13° 5.83+1.04°
Sex ns ns e ns ns ns
Male 96.43+10.16 28.52+10.01 53.76+7.79 14.99+0.66 3.35+1.06 4.57+0.59
Female 94.08+10.06 27.41+9.84 48.72+7.62 14.97+0.66 3.44+1.04 4.47+0.58
BLS falaal ns ns folaal ns ns
Single 108.07+9.92 31.28+9.64 53.89+7.45 15.46+0.65 3.25+1.02 4.02+0.56
Twin 82.43+10.58 24.65+10.60 48.58+8.29 14.50+0.69 3.54+1.12 4.64+0.63
Parity o ns * ns ns *k
1 87.58+10.05" 31.25+9.83 48.55+7.57% 14.80+0.66 3.82+1.04 4.51+0.57%
2 95.10+10.23% 31.47+10.06 49.09+7.84% 15.05+0.67 3.84+1.06 4.38+0.59%°
3 102.76+10.39 25.17+10.24 44.06+7.91° 15.40+0.68 2.97+1.08 3.93+0.60°
4 94.62+10.52% 24.84+10.44 55.46+8.03° 14.88+0.69 3.14+1.10 4.81+0.61°
5 95.85+11.08% 29.69+11.02 45.23+8.88% 15.00+0.72 3.54+1.16 3.88+0.67°
>6 95.62+11.46% 25.37+11.56 65.03+9.70° 14.75+0.75 3.05+1.22 5.61+0.73%
EI rth SeaSOH **kk **kk **kk **kk *kk *
Main rainy 92.37+10.40° 33.10+10.17° 55.67+7.86° 14.70+0.68" 3.92+1.07° 4.72+0.59%°
Dry 74.90+10.02° 35.85+9.81° 53.42+7.62% 13.58+0.65° 4.61+1.04° 4.82+0.58%
Short rainy 118.49+10.54° 14.95+10.60" 44.63+8.37" 16.67+0.69° 1.65+1.12° 4.02+0.63°

3On the same column, numbers bearing the same superscript are not statistically different at p >0.05. ns: not significant. ***P<0.001;
** P<0.01 and * P<0.05; BLS: birth litter size; F1: generation one, F2: generation two; F3: generation three. For trait abbreviations see
footnote of Table 1.
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Generation of lambs significantly influenced all studied traits in post-weaning growth phases
except GE3-6 (P<0.05) but not significant effects in all traits measured during pre-weaning
growth period. Second-generation lambs had significantly higher (p<0.001) DG3-6, KR3-6 and
GR3-6 compared to third-generation lambs. This difference can be explained by higher heterosis
effects in second-generation than third-generation lambs (due to loss of heterosis effects across
generation). The result is in close agreement with results reported by Boujenane et al. (2015) in
inter se mating between D man-Sardi sheep crosses. Contrary to the present finding Gizaw et al.
(2012) reported that performance of third-generation lambs were higher than first and second
generation lambs in Awassi-Menz sheep crosses. However, from six months to yearling growth
period, third-generation lambs had significantly higher (p<0.001) in all studied traits compared to
second-generation lambs. This can be due to the small data size in third generation lambs.

Sex of lambs had significant effect (p<0.01) in DG6-12, but not in other studied traits. Male
lambs had significantly higher DG6-12 compared to females (p<0.01). The effect of sex on DG6-
12 may be attributed to differences in endocrine system where estrogen hormone has a limiting
effect on growth of long bones in female lambs (Baneh and Hafezian, 2009). The result is
contrary to the report of Eskandarinasab et al., (2010); Ghafouri-Kesbi and Gholizadeh, (2017);
Mohammadi et al. (2012) who find significant effect of sex in all studied traits. Single lambs had
significantly higher daily gain and kleiber ratio than twin lambs in pre-weaning growth phase
(p<0.001). It is expected that milk from a dam may not be sufficient enough to feed twins than
single counterparts. Marked effect of birth type on daily weight gain and kleiber ratio is in
agreement with other reports (Eskandarinasab et al., 2010; Ghafouri-Kesbi and Gholizadeh,
2017; Mohammadi et al., 2012).
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Figure 4. Phenotypic relative growth rate trend by year of birth

The effect of parity was significant on DGO0-3, DG6-12, KR6-12, GE6-12 and GR6-12 (p<0.05).
In the current study, the effect of parity on studied traits is not much important. This result is
contrary to the reports of (Eskandarinasab et al., 2010; Ghafouri-Kesbi and Gholizadeh, 2017;
Kholghi et al., 2014) for different sheep breeds. Birth season had significant source of variation
in all studied traits (p<0.001). Lambs born during short rainy season had higher (p<0.001) daily
gain, Kleiber ratio, efficiency of growth and relative growth rate during the pre-weaning growth
phase. During the short rainy season, lambs were allowed to graze on natural pasture (they feed
green forages) but during main rainy season lambs were restricted from grazing of green pasture
and fed dry hay as a basal diet without any supplementation of vitamins and minerals premix.
This practice is not enough to cover the nutritional requirements of the growing lamb. On the
other hand, lambs born during main rainy and dry seasons had higher phenotypic performance
during post-weaning growth period in all studied traits. The higher post-weaning phenotypic
performance of lambs born during main rainy and dry seasons is attributed to the higher
abundance of grazing pasture following the main rain and during short rainy seasons. This can be
also due to the effect of compensatory growth which is a period of accelerated growth following

a period of restricted development (Kesbi and Tari, 2015).
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Table 3. Least-squares means+S.E for efficiency of growth and relative growth rate.

Parameters GEO0-3 GE3-6 GE6-12 GRO-3 GR3-6 GR6-12
BI rth year **kk* **k* **k* **k* *k*k *k*k
Generation ns ns Fxk ns * faalad
F1 359.07+47.60 24.00+11.56 51.58+12.32% 1.65+0.12 0.21+0.09%° 0.23+0.04%
F2 319.79+68.40 34.81+16.29 50.89+16.31° 1.50+0.17 0.29+0.13° 0.21+0.06"
F3 307.72+71.04 21.54+17.02 87.50+17.21° 1.48+0.18 0.16+0.13" 0.35+0.06°
Sex ns ns ns ns ns ns
Male 326.46+33.96 26.86+8.44 64.39+9.72 1.54+0.09 0.22+0.07 0.27+0.04
Female 331.25+33.63 26.71+8.30 62.26+9.50 1.56+0.09 0.23+0.06 0.26+0.03
BLS ns ns ns ns ns ns
Single 317.01+33.16 24.49+8.13 60.04+9.29 1.53+0.08 0.20+0.06 0.25+0.03
Twin 340.71+35.39 29.08+8.94 66.61+10.34 1.56+0.09 0.24+0.07 0.28+0.04
Parity ns ns * ns ns *x
1 344.66+33.62 31.05+8.29 63.99+9.44° 1.58+0.09 0.26+0.06 0.27+0.03
2 335.00+34.20 30.71+8.49 59.44+9.77% 1.57+0.09 0.25+0.07 0.25+0.04%
3 350.58+34.74 24.01+8.64 53.26+9.86° 1.60+0.09 0.20+0.07 0.23+0.04°
4 315.44+35.16 23.22+8.81 69.24+10.01 1.52+0.09 0.20+0.07 0.28+0.04°
5 325.03+37.07 25.91+9.29 55.57+11.08% 1.54+0.09 0.22+0.07 0.23+0.04%
>6 302.44+38.31 25.81+9.75 78.45+12.09% 1.48+0.10 0.21+0.08 0.33+0.04%
BI rth SeaSOI'] *** ***k ** **k* *k*k **
Main rainy 298.40+34.77" 28.58+8.58" 66.66+9.81%" 1.48+0.09°  0.25+0.07° 0.27+0.04%
Dry 253.52+33.50° 38.35+8.27° 69.52+9.50° 1.36+0.09°  0.31+0.06 0.29+0.03
Short rainy 434.65+35.25° 13.43+8.94° 53.79+10.43" 1.80+0.09°  0.11+0.07° 0.23+0.04°

3¢ On the same column, numbers bearing the same superscript are not statistically different at p =0.05. ns: not significant. ***P<0.001;
** P<0.01 and * P<0.05; BLS: birth litter size; F1: generation one, F2: generation two; F3: generation three. For trait abbreviations see
footnote of Table 1.
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Genetic parameters estimates

The estimates of (co)variance components and corresponding genetic parameters are presented in
Table 4. The most appropriate models for pre-weaning daily gain and efficiency of growth were
Model 6 and 4, respectively. Fitting a permanent environmental and maternal genetic effect
substantially increased the log-likelihood values, indicating a significant effect of permanent
environmental and maternal genetic effect on pre-weaning daily gain. Moreover, including
maternal genetic effect (Model 4) significantly increased the log-likelihood values over other
models, indicating that the covariance between direct and maternal effect was significant for pre-
weaning efficiency of growth. On the other hand, a model that include only direct additive
genetic effects (Model 1) was the most appropriate to evaluate pre-weaning Kleiber ratio and
relative growth rate. Based on the most appropriate models (Model 6, Model 1, Model 4 and
Model 1) direct heritability estimates for pre-weaning daily gain, Kleiber ratio, efficiency of
growth, and relative growth rate were 0.45+0.15, 0.30+0.08, 0.34+0.15, and 0.25+0.08,
respectively. Estimated value of CV, for pre-weaning daily gain, Kleiber ratio, efficiency of
growth and relative growth rate were 18.85%, 7.26%, 20.07%, and 9.0%, respectively. Direct
heritability estimates and CV 4 recorded in the pre-weaning growth period were higher than other
findings in different sheep breeds (Eskandarinasab et al., 2010; Ghafouri-Kesbi and Gholizadeh,
2017). Based on the appropriate model, the estimates of maternal heritability for daily gain and
efficiency of growth were 0.14+0.14 and 0.19+0.10, respectively.
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Table 4. Estimate of variance components and heritability for efficiency related traits.

Traits M &% & Gam . o o’p h?, h?., Fam c? h?, CVa Log (L)
DGO0-3 6 420.77 13420 -189.43 84.84 493.12 943.49 0.45+0.15 0.14+0.14 -0.80+0.23 0.09+0.08 0.22 18.85 -3432.46
DG3-6 1 31.03 855.22  886.25 0.04+0.06 0.04+0.06 13.07 -2606.68
DG6-12 1 59.43 325.81 385.24 0.15+0.11 0.15+0.11 15.15 -1440.83
KRO-3 1 1.29 3.06 4.35 0.30+0.08 0.30+0.08 7.26 -1110.79
KR3-6 6 1.26 1.59 -1.35 0.12 8.13 9.75 0.13+0.11 0.16+0.14 -0.96+0.28 0.01+0.09 0.00 23.73 -1123.96
KR6-12 1 0.31 1.84 2.15 0.14+0.12 0.14+0.12 13.55 -398.64
GEO-3 4  4309.88 2412.74 -2051.41 7966.08 12637.29 0.34+0.15 0.19+0.10 -0.64+0.23 0.19 20.07 -4574.36
GE3-6 4 248.88 192.80 -202.12 404.55 644.11 0.39+0.17 0.30+0.12 -0.92+0.12 0.07 48.45 -2480.03
GE6-12 1  183.72 418.91 602.63 0.31+0.14 0.31+0.14 25.46 -1524.33
GR0-3 1 0.02 0.06 0.08 0.25+0.08 0.25+0.08 9.0 617.00

GR3-6 4 0.008 0.009 -0.008 0.029 0.038 0.23+0.13 0.24+0.11 -0.93+0.18 0.01 31.94 697.54

GR6-12 1  0.002 0.006 0.008 0.23+0.13 0.23+0.13 19.44 734.11

o°p phenotypic variance; ¢°, additive variance; 6°,, maternal variance; 6°c common environment variance; 6°¢ error variance; h°a direct
heritability; h’m maternal heritability; h’ ration of common environment variance to the total phenotypic variance; h’ total
heritability; ran genetic correlation between direct and maternal additive heritability; o,m .covariance between direct and maternal
additive genetic effect; CVa additive coefficient of variance; Log (L) log Likelihood. For trait abbreviations see footnote of Table 1.
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Fitting only direct genetic effect (Model 1) resulted in significantly (p<0.05) higher log-likelihood
for DG3-6 in comparison to the rest models which included other effects. Fitting permanent
environmental and maternal genetic effect (Model 6) improved the log-likelihood for KR3-6,
indicating that covariance between direct and maternal genetic effect was significant for this traits.
While Model 4 was the best model for GE3-6 and GR3-6. Based on the appropriate model direct
genetic heritability estimates for DG3-6, KR3-6, GE3-6 and GR3-6 were 0.04+0.06, 0.13+0.11,
0.39+0.17, and 0.23+0.13, respectively. Estimates of CVA were 13.07%, 23.73%, 48.45% and
31.94% for DG3-6, KR3-6, GE3-6, and GR3-6, respectively. Maternal genetic heritability estimates
for KR3-6, GE3-6 and GR3-6 were 0.16+0.14, 0.30+0.12, and 0.24+0.11 respectively. Model
included only direct genetic effects (Model 1) was the most appropriate model for DG6-12, KR6-
12, GE6-12, and GR6-12, respectively. Direct heritability estimates were 0.15+0.11, 0.14+0.12,
0.31+0.14, and 0.23+0.13 for DG6-12, KR6-12, GE6-12, and GR6-12 respectively and estimates of
CVA for the corresponding trait were 15.15%, 13.55%, 25.46%, and 19.44% respectively. The
estimates of CVA, direct and maternal genetic heritability in this study is remarkably higher than
the estimate by Ghafouri-Kesbi & Gholizadeh, (2017) for Baluchi sheep in all growth periods.
There are few previous reports on estimates of genetic parameters for efficiency-related traits in
sheep. This study can help to include efficiency-related traits in the selection index to improve the
efficiency of the ongoing genetic improvement program. Medium to higher estimates of direct
heritability and CVa in the current study indicates higher potential for genetic improvement of
studied traits in the different growth periods.

Correlation estimates

The estimates of genetic and phenotypic correlations between studied traits are presented in Table 5.
The genetic and phenotypic correlation between studied traits ranged from low to high in magnitude
(-0.48 to 0.98). Traits measured during the pre-weaning growth phase had negative and weak
genetic correlations with traits measured during the post-weaning growth phases (ranged from -0.34
to -0.08). It indicates that lambs with higher growth rate and efficiency-related traits in pre-weaning
period have less efficient during the post-weaning period and vice versa. The negative and weak
genetic correlations between those traits probably indicate that different genetic mechanisms are
involved in expressing those traits at different stage of growth (Mohammadi et al., 2011;
Mohammadi et al., 2015). Similarly Mohammadi et al., (2010) find similar correlation estimates to
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the current study. In agreement to genetic correlations, phenotypic correlation between traits
measured during pre-weaning growth phase had negative and weak correlation estimates with traits
measured during post-weaning growth phases. Similar findings have been reported by Ghafouri-
Kesbi & Gholizadeh, (2017) for Baluchi sheep. Compensatory growth phenomenon may play an
important role, lambs with poor early growth possibly due to poor pre-weaning environment tended
to have higher post-weaning growth than lambs in better pre-weaning conditions (Afolayan et al.,
2007).

Dorper crossbred sheep are a meat type and attains market weight at about six months of age in the
central highland of Ethiopia. Furthermore, since genetic correlation between traits measured during
pre-weaning growth period had negative and weak correlation estimates with traits measured during
post-weaning growth period. As a result improving traits measured during weaning to six months of
age is more feasible. The genetic correlation estimates between DG3-6 and other traits were positive
and high in magnitude to their corresponding growth phase (0.95, 0.86, and 0.91 for KR3-6, GE3-6,
and GR3-6, respectively). These positive and strong genetic correlations between DG3-6 and other
traits imply no negative genetic change in efficiency-related traits due to selection for growth rate
(Bakhshalizadeh et al., 2016; Ghafouri-Kesbi and Gholizadeh, 2017; Gowane et al., 2011).
Moreover, strong and positive genetic correlations between DG3-6 and other traits measured during
the same growth period indicated that selection for or against one trait would result in concomitant
genetic - changes in other traits. Genetic correlation between efficiency-related traits during
weaning to six months of growth period was positive and strong in magnitude (0.92 for KR3-6-
GE3-6) which means that all the efficiency traits measured during this period can be improved

simultaneously.

90



. . . ]2
Proceedings of the 15th Annual Regional Conference on Completed Livestock Research Actlvmes 2 O 2 3

Table 5. Genetic (above diagonal) and Phenotypic (below diagonal) correlation

Traits

DG0-3 DG3-6 DG6-12 KR0-3 KR3-6 KR6-12 GE0-3 GE3-6 GE6-12 GR0-3 GR3-6 GR6-12
DGO0-3 -0.16 -0.08 0.94 -0.35 -0.24 0.72 -0.47 -0.35 0.77 -0.45 -0.33
DG3-6 -0.22 -0.12 -0.15 0.95 -0.27 0.14 0.86 -0.33 -0.13 0.91 -0.33
DG6-12  -0.06 -0.14 -0.07 -0.09 0.94 -0.07 -0.06 0.86 -0.06 -0.07 0.90
KRO-3 0.93 -0.18 -0.04 -0.33 -0.21 0.85 -0.46 -0.31 0.92 -0.43 -0.29
KR3-6 -0.40 0.95 -0.11 -0.36 -0.20 -0.26 0.92 -0.24 -0.26 0.98 -0.25
KR6-12  -0.22 -0.31 0.93 -0.19 -0.24 -0.15 -0.13 0.92 -0.16 -0.15 0.97
GEO-3 0.75 -0.15 -0.03 0.86 -0.27 -0.13 -0.33 -0.19 0.97 -0.32 -0.19
GE3-6 -0.49 0.87 -0.07 -0.47 0.92 -0.16 -0.32 -0.15 -0.36 0.98 -0.15
GE6-12 -0.34 -0.34 0.84 -0.30 -0.27 0.92 -0.20 -0.16 -0.21 -0.18 0.98
GRO-3 0.78 -0.14 -0.03 0.93 -0.28 -0.14 0.97 -0.36 -0.21 -0.34 -0.21
GR3-6 -0.48 0.91 -0.09 -0.45 0.98 -0.19 -0.32 0.98 -0.20 -0.35 -0.18
GR6-12  -0.31 -0.36 0.88 -0.27 -0.28 0.97 -0.18 -0.18 0.98 -0.20 -0.21

For trait abbreviations see footnote of Table 1
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CONCLUSION

Phenotypic performance for daily gain, kleiber ratio, efficiency of growth and relative growth
rate showed a declined trend over the year. This was brought up by animal management decision
to overcome mass mortality of breeding animals with fasciolosis outbreak occurred in the farm in
2014. The management strategies followed after fasciolosis outbreak exposed the breeding
animals to deficiency of most important vitamins and minerals (vitamin E and selenium) for
growth, reproduction and immune response. The genetic parameters estimated for efficiency-
related traits in Dorper crossbred sheep population show that efficiency related traits have
medium to high CVa and heritabilities reflected some possibility to bring genetic improvement
through selection. Sheep farming in central highland of Ethiopian is shifting from extensive to
semi-intensive production system, including efficiency-related traits in the selection index,
makes the breeding program more efficient and feasible. The Dorper crossbred sheep are a meat
type and reaches market weight at about six months of age, focusing on improving traits
measured during weaning to six months of age is expected to be more feasible. The genetic
correlation estimates between DG3-6 and other traits were positive and high in magnitude to

their respective growth phase, hence selection based on DG3-6 is recommended.
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ABSTRACT

Growth data from the breeding flock of Dorper sheep collected between 2012 and 2021 at Debre
Birhan Agricultural Research Center, Amhara Region, Ethiopia were used in this study.
(Co)variance components and corresponding genetic parameters for daily gain from birth to
weaning (DGg.3), daily gain from weaning to six months (DGgs.6), and daily gain from six months
to yearling (DGs.12) and corresponding Kleiber ratios (KRo.3, KR35, KRg.12), efficiency of growth
(GEo.3, GE3z6, GEs.12) and relative growth rate (RGo.3, RGss, RGe.12) were estimated using
restricted maximum likelihood (REML) procedure fitting six different univariate animal model.
The most appropriate model for each trait was determined by log-likelihood ratio test.
Multivariate analysis was carried out to estimate correlations between traits. Year of birth had a
significant effect (P<0.001) in all studied traits. Furthermore, birth season had a significant effect
(p<0.01) in traits measured during pre-weaning growth period. Phenotypic performance for all
studied traits except traits measured from six months to 12 months of age showed a declined
trend over years. Model including only direct genetic effects was chosen as the most appropriate
for all studied traits, except for GEq.3 and GRoy.3 whereas a model included maternal genetic
effects was the most appropriate model. Direct heritability estimates were, respectively,
0.10+0.06, 0.16+0.07, 0.26+0.13 and 0.26+0.13 for DGg.3, KRg.3, GEo.3 and GRy.3; 0.02+0.05,
0.02+0.04, 0.00+0.04 and 0.03+0.05 for DGss, KR4, GEszs and GRszg; and 0.22+0.10,
0.14+0.09, 0.11+0.09 and 0.12+0.09 for DGg.12, KRe.12, GEg.12 and GRg.1. Estimates of the
additive genetic coefficients of variation (CVa) were used as a measurement of genetic
variability and ranged between 0.78% (GE3z.) and 27.13% (DGs.12). Genetic correlations among
the traits ranged from -0.56 (DG3.¢ and GEg.12) t0 0.99 (KR3.6-GR3.6, GE3.6-GR3.6, GEg.12-GR6-12)
and phenotypic correlation ranged from -0.61 (GEs.12-DG3.6) t0 0.99 (GR3.6-KR3.6, GR3.6-GE3.s,
GRe.12-GEg.12. Traits measured during the pre-weaning growth period had negative and weak
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genetic correlations with traits measured during the post-weaning growth period and ranged from
-0.31 (DGy.3-GEg.12) to 0.20 (DGo3-DGs). The importance of efficiency-related traits will
increase significantly and will attract much more attention in sheep production in the central
highland of Ethiopia. Including DGg.3 in the selection index is recommended to improve

efficiency of the ongoing Dorper breeding program.
Keywords: Efficiency of growth, Dorper, Genetic correlation, Heritability, Relative growth rate
INTRODUCTION

The Dorper nucleus flock was established at Debre Birhan Agricultural Research Center
(DBARC) in 2011 through the purchase of 16 rams and 100 ewes from the Republic of South
Africa to be used as an improver breed for the crossbreeding program. The research on Dorper
based breed improvement programmes was focused on the development of the purebred Dorper
sheep through selective breeding, development of synthetic breed from Dorper-local sheep
crossing, production of 50% crossbred rams, and utilization of the crossbred ram in village-based
crossbreeding program. The flock showed good growth rate, mothering ability and adaptability
under semi-intensive production system. In light of these, the breed is one of the most preferred
breed for the genetic improvement of local breeds through crossbreeding programs (Besufkad et
al., 2021).

Rapid population growth and urbanization in the central highland of Ethiopia have caused a shift
of grazing land into arable land. Thus, feed cost comprises most of the production costs in sheep
production in the central highland of Ethiopia. Therefore, improving efficiency of meat
production through reducing the cost of mutton production is crucial to increase the efficiency of
genetic improvement program (Ghafouri-Kesbi & Gholizadeh, 2017). However, the ongoing
purebred Dorper sheep breeding program is practiced through selective breeding based on the
estimated breeding value (EBV) of six months weight. Therefore, besides improving growth
traits, focusing on the feed utilization efficiency of the breed is also vital for efficient and
sustaining the breeding program. Since much of the efforts and reports were focused on growth
and reproductive traits, evaluating efficiency-related traits allows to design and implement

efficient breeding program. Information is hardly available on the genetic parameter for
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efficiency-related traits in Dorper sheep under Ethiopian condition. Therefore, this study was
conducted to evaluate the on-ongoing Dorper breeding program and generate information to
optimize the breeding program by evaluating the genetic parameters for growth rate and

efficiency-related traits of Dorper sheep breed.

MATERIALS AND METHODS

Data and breeding flock management

Data used in the present study were obtained from 2012 to 2021 from the breeding flock of pure
Dorper sheep maintained at Debre Birhan Agricultural Research Center, Amhara region,
Ethiopia. The research center is located 120 km North-east of Addis Ababa at an altitude of
2,765 m above sea level and at a latitude of 09°3623"N and longitude of 39°39'10"E. The
average rainfall is 923 mm per annum. The rainfall distribution is bimodal, where the main rainy
season is from June to September and an unreliable short rainy season is expected from February
to April. The average annual minimum and maximum temperature are 6.59°C and 19.87°C,
respectively and frost is common from October to January. During dry and short rainy seasons,
animal were grazed on natural pasture daily for 6 to 7 h and penned at night. But, during main
rainy season (from July to September) all breeding flocks were kept indoor day and night to
prevent from fasciolosis infestation and fed dry hay as a basal diet without supplementation of
vitamins and mineral premix since 2014. However, since 2019, the animals were allowed to fed
green forage during main rainy season with a cut and cray feeding system. The experimental
animal were supplemented with 300 to 400 g/head/day mixed concentrate depending up on
status, age category, and availability of grazing feed. As a routine flock health management
practice of the research center, the experimental animals were drenched against internal parasites

and were vaccinated against common viral disease of the area.

Controlled mating was practiced and one selected sire was allowed to mate with 20 to 25 ewes in
a single-sire mating system and mating was lasted on average for 60 days. Breeding rams were
selected based on estimated breeding values (EBV) at six months weight and their physical
conformation of the animals with the aim of improving growth and carcass yield. Intensive
selection was focused on the male side. Ewes were first joined to ram depending on their weight

and age at first mating i.e. 12 months of age. Since 2020, MateSel software developed by
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Kinghorn, (2010) has been used to make the mating group in order to control inbreeding across
generations. The dataset contained the animal ID, animal’s parents, date of birth, sex of lamb,
type of birth, color of lamb, and records of body weight at birth, 3, 6 and 12 months of age.

Lambs were weaned at 90 days of age.

Data analyses

Traits considered in the current study were birth weight (WTO0), weaning weight (WT3), six
months weight (WT6), yearling weight (WT12), daily gain from birth to weaning (DGy.3), daily
gain from weaning to six months (DGs.), daily gain from six months to yearling (DGe.12) and
corresponding kleiber ratios (KRo.3, KR3.5, KRg.12), efficiency of growth (GEq.3, GE3.s, GEs.12)
and relative growth rate (RGg.3, RGs.6, RGg.12). Birth weight was taken within 24 h of the birth of
lamb. Weaning, six month and yearling weights were taken by synchronized lambing occurred
within 5 days interval from the actual weighted dates and adjusted to the exact days of 90, 180
and 365 respectively. In meat sheep, daily gain is an important component of market lamb
production and affects the economic success of producing slaughter lambs (Eskandarinasab et
al., 2010).

Daily gain was calculated as DGg.3 = (WT3-WT0)/90) X 1000, DG3s = (WT6-WT3)/90) X
1000 and DGg.12 = ((WT12-WT6)/180) X 1000. The Kleiber ratio has been proposed as an
efficient criterion for feed efficiency under low-input range conditions which provides a good
indication of how economically an animal grows (K. Mohammadi et al., 2011). Kleiber ratio is
useful to identify animals with high efficiency of growth relative to body weight. Animals with
higher Kleiber ratio require lower maintenance energy. Kleiber ratio was computed as KRg.3 =
ADGo3/WT3%"” KRz = ADG3¢/WT6%"™ and KRg.12 = ADGg.12/WT12%", accordingly to
Kleiber (1947). Efficiency of growth was calculated as GEq.3 = (WT3-WTO0)/WTO0) X 100, GE3 ¢
= ((WT6-WT3)/WT3) X 100 and GEg.12 = (WT12-WT6)/WT6) X 100. Relative growth rate was
computed as GEg.3 = (Loge (WT3) - Loge (WTO0))/90) X 100, GEz6 = (Loge (WT6) - Loge
(WT3))/90) X 100 and GEg.12 = (Loge (WT12) - Log. (WT6))/180) X 100. Additive coefficient of
variation (CVA) allow to have an insight into the genetic variability of traits as well as to
compare precisely traits measured at different times or in different population (Ghafouri-Kesbi &
Gholizadeh, 2017).
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Additive coefficient of variance estimated as (CVa) = "T_nxlﬂﬂ where ¢, is additive genetic

variance and X is the sample mean.

Fixed effects for growth rate and efficiency-related traits were estimated using the GLM
procedure of SAS 9.0 software. The fixed effects considered were sex of lambs in two classes
(male and female), birth litter size in two classes (single and twin), parity of dam in six classes,
year of lambing in 10 classes (2012-2021) and season of lambing in three classes (rainy, dry and

short rainy season). Means were compared using Tukey-kramers test.
The model used for the analysis of growth rate and efficiency-related traits was
Yijkm = 1 + Y1i + Btj+ Bsg + P; +Spy + €jjiim

Where Yijum is an observation; p is overall mean; Yr; is fixed effect of year of birth; Bt; is fixed
effect of birth type; Bsy is fixed effect of birth season; P, is fixed effect of parity; Sy, is fixed
effect of sex of lamb and ejjam is residual error.

(Co)variance components and genetic parameters were estimated using restricted maximum
likelihood (REML) method fitting univariate animal model using WOMBAT software (Meyer,
2012). Multivariate analysis was applied to estimate genetic and phenotypic correlations. By
excluding or including permanent environmental or maternal genetics effects, the following six

Univariate animal models were fitted for each trait.

Model (1) y=Xp + Zao. + e

Model (2) y = XP + Zao. + Zpepe + ¢

Model 3) y=XB + Zao.+ Zmm +e Cov (0, m) =0

Model (4) y=XP + Zao.+ Zmm +e Cov (o, m) #0

Model (5) y = XP + Zao. + Zmm + Zpepe + ¢ Cov (o, m) =0

Model (6) y = Xp + Zao + Zmm + Zpepe + € Cov (o, m) #0

Where Y is a vector of observations on the considered traits; B, a, m, pe and e are vectors of

significant fixed effects, direct additive genetic effects, maternal genetic effects, permanent
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environment effects and the residual effects, respectively. Whereas X, Z,, Zn and Z,. are
corresponding incidence matrices relating the fixed effect, direct additive genetic effects,
maternal additive genetic effects and permanent environmental effects of the dam. Total
heritability (h%) was estimated using the formula o, + 0.56° + 1.50am/o”, (Willham, 1972).
Where ¢%, is additive variance, ¢*y is maternal variance, o.m is covariance between direct and
maternal additive genetic effect and azp is total phenotypic variance. Direct heritability (h%),
maternal heritability (h%,) and relative permanent maternal environmental effects (c?) were
calculated as ratios of estimates of 6%, o’y and o”; respectively, to the phenotypic variance o,
Likelihood ratio tests were conducted, to choose the best model and to test the significance of

random effects for each trait (Meyer, 2006).
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Table 1. Characteristics of data structure

Traits

Parameters

DGo-3 DGss DGe12 KRo3 KR3zs KRei12 GEps GEszs GEgiz2 GRgsz GRss  GRe.12
No. of records 732 160 452 732 560 452 732 560 452 732 560 452
No. of animals 855 681 568 855 681 568 855 681 568 855 681 568
Sire? 34 28 27 34 28 27 34 28 27 34 28 27
SireP 22 17 16 22 17 16 22 17 16 22 17 16
NPR/Sire 21.53 20 16.74 21.53 20 16.74 2153 20 16.74 2153 20 16.74
Dam? 239 200 177 239 200 177 239 200 177 239 200 177
Dam® 149 115 104 149 115 104 149 115 104 149 115 104
NPR/Dam 491 487 435 491 4.87 4.35 491 4.87 4.35 4,91 4.87 4.35
Mean® 133.48 60.88 49.49 16.55 5.49 3.60 334.80 33.73 43.82 1.58 0.30 0.19
S.D. 42.46 4741 31.76 2.43 3.81 2.14 140.48 25.92  30.96 0.33 0.21 0.12
CV (%) 28.52 69.38 56.70 13.13 62.20 53.40 33.82 69.32 62.27 1762 63.74 56.40

® Number of sires and dams with progeny, ° Number of sires and dams with progeny and record, NPR: Average number of progeny
with records, S.D.: standard deviations, CV.: Coefficient of variation, DGy.3: daily gain from birth to weaning, DG3.¢: daily gain from
weaning to six months, DGg.12: daily gain from six months to yearling, KRo.3: Kleiber ratio from birth to weaning, KRs¢: kleiber ratio
from weaning to six months, KRg.12: Kleiber ratio from six months to yearling, GEo.3: growth efficiency from birth to weaning, GEs¢:
growth efficiency from weaning to six months, GEg.12: growth efficiency from six months to yearling, GR.s: relative growth rate from
birth to weaning, GR3.: relative growth rate from weaning to six months, GRg.12: relative growth rate from six months to yearling
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RESULT AND DISCUSSION
Environmental effects

Phenotypic means, standard deviation (SD), coefficient of variation (CV), and pedigree structure
of studied traits are presented in Table 1. Number of observations decreased with increasing age
from birth (n=997) to yearling (n=452) because of culling related to death and sale of animals.
The coefficient of variation for the studied traits was ranged from 13.13% for KRg.3 to 69.38%
for DGs6. (Ehsaninia, 2021; Eskandarinasab et al., 2010; Ghafouri-Keshi and Gholizadeh,
2017); Gowane et al., (2011) reported smaller values of CV for studied traits in different breed of
sheep than the values in the current study. Traits measured during the pre-weaning period had
smallest phenotypic coefficient of variation (CV) and higher phenotypic performance compared
to traits measured during the post-weaning growth periods in all studied traits. During the pre-
weaning period lambs are less affected by environmental stress owing to maternal support and
physiologically in higher growth period. Our present result is in agreement with the report of
(Eskandarinasab et al., 2010; Ghafouri-Kesbi et al., 2011; Ghafouri-Keshi & Gholizadeh, 2017;
Mohammadi et al., 2012). After weaning as the lambs are exposed to environmental factors,
which brings a delayed growth of lambs. Moreover, traits measured from weaning to six months

of age had higher phenotypic coefficient of variation (CV) compared to other growth phases.

The least squares means and standard errors for the traits studied are presented in Tables 2 and 3.
All the traits under study were significantly (p<0.001) influenced by lamb’s birth year.
Difference in animal management, climatic and environmental conditions and disease incidence
in different years are the probable reasons for variations in growth performance of lambs across
birth years (Bakhshalizadeh et al., 2016). The effect of birth year in the current study in all
studied traits is in line with previous reports in different sheep breeds (Baneh & Haferzian, 2009;
Ghafouri-Kesbi et al., 2011; Ghafouri-Kesbi & Gholizadeh, 2017). The current results revealed
that phenotypic performance for all studied traits except traits measured from six months to
yearling showed a declined trend over years (Figures 1 to 4). This was happened due to the
change of animal management with high occurrence of animal mortality due to fasciolosis
outbreak in the year 2014, all animals were kept indoor during day and night in the main rainy
season (July to September) and fed only dry hay as a basal diet and supplemented with 200g

head/day mixed concentrate without supplementing vitamins & mineral premix.
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Table 2. Least-squares means and standard errors of daily gain and Kkleiber ratio in Dorper sheep.

Parameters DGo3 DGs DGe.12 KRo-3 KR3.6 KRg.12
Birth year kel kel kel faleka folelal folelal
Sex ns ns kel ns ns ns
Male 148.32+8.86 51.95+10.29 55.67+7.05 17.58+0.51 4.81+0.83 4.03+0.48
Female 147.18+8.70 46.49+10.04 48.54+6.79 17.71+0.50 4.48+0.81 3.68+0.47
BLS Fkx ns ns ns ns ns
Single 144.60+4.12 58.23+5.16 52.19+3.58 17.13+0.23 5.09+0.42 3.60+0.24
Twin 127.12+5.96 53.89+7.51 55.63+5.39 16.79+0.34 5.43+0.61 4.12+0.35
Parity il ns xx ** ns *x
1 131.38+9.00° 42.53+10.39 54,51+7.10% 17.05+0.51° 4.59+0.84 4.29+0.49
2 149.44+9.37° 43.52+11.04 61.18+7.53 17.84+0.53 4.22+0.89 4.45+0.52°
3 155.59+9.37° 53.42+10.96 51.28+7.50% 17.92+0.54° 4.64+0.89 3.79+0.51%
4 149.40+8.83° 47.65+10.23 45.23+7.00° 17.79+0.50%° 4.31+0.83 3.36+0.48"
5 149.81+9.75 45.71+11.57 48.69+8.22%° 17.76+0.56% 4.32+0.93 3.51+0.56%
>6 150.87+10.60% 62.49+12.83 51.73+9.35% 17.49+0.61% 5.81+1.04 3.74+0.64%
Birth season ** ns ns Fkk ns ns
Main rainy 149.15+9.59° 43.32+11.14 56.53+7.77 17.70+0.55 4.14+0.90 4.16+0.53
Dry 135.35+9.09" 44.87+10.40 51.95+7.15 16.81+0.52" 4.52+0.84 3.93+0.49°
Short rainy 158.75+9.98 59.47+12.32 47.82+8.59 18.42+0.77° 5.28+1.00 3.46+0.59"

30n the same column, numbers bearing the same superscript are not statistically different at p =0.05. ns: not significant. ***P<0.001;
** P<0.01 and * P<0.05; BLS: birth litter size. For trait abbreviations see footnote of Table 1.
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In this strategy the available feed may not be enough to cover the nutritional requirements of
growing lambs and may expose the animals to vitamin E deficiency. According to Ramirez-
Bribiesca et al., (2005); Ziaei, (2015) deficiency of either or both selenium and vitamin E can
reduce growth, reproductive performance and immune response of the animals. Besufkad et al.,
(2021) reported that survival rate of Dorper, Menz and Dorper x Menz 50% showed a declined

trend over years at Debre Birhan Agricultural Research Center (DBARC) since 2014.

200 -
180 -
160 -
140 -
120 -
100 - PR
80 A ~ ~
60 1 ¥ . - N _e
40 | : -
20 ~ - ’ ™
0 | | | | | | | |
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year
—8— DGO0-3 =-o=-DG3-6 —m- DGO6-12
Figure 1. Phenotypic daily gain trend by year of birth.

DG (zm)

22 ~
20 4 o

18 ~ e
16 1 DA L L TET PRTTLEN L SRR ¢
14
12

10 4
8 A A

Kleiber ratio

6
4 A
2
0 T T T T T T T T T T 1
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Year
coetes KRO-3 =@ = KR3-0 =t KR6-12

Figure 2. Phenotypic kleiber ratio trend by year of birth
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The present finding showed that sex of lambs had no significant effects in all studied traits
except in DGg.12. However, the current results revealed that litter size at birth had significant
effect on DGy.3, GEs.12 and GRg.12. Contrary to the present findings, the significant effect of sex
of lambs and litter size at birth in studied traits were reported by Eskandarinasab et al., (2010)
for Iranian fat-tailed Afshari sheep and Ghafouri-Kesbi & Gholizadeh, (2017) for Baluchi sheep.
Parity has a significant effects (P<0.01) in DGg.3, DGg.12, KRo-3, KRg.12, GEg.12 and GRg.12 but
not in other studied traits. Significant effect of parity on those traits can be explained by
difference in uterine capacity, milk production, and mothering ability of ewes at different parities
(Dass et al., 2004; Ghafouri-Keshi & Gholizadeh, 2017). Contrary to the present findings
Eskandarinasab et al., (2010); Ghafouri-Keshi & Gholizadeh, (2017); Kamjoo et al., (2014);
Kholghi et al., (2014) reported marked effect of parity on the studied traits. Generally, our results
showed that the effect of parity on the studied trait was not much important. Lamb’s birth season
had significant effect in traits measured during pre-weaning growth periods. Lambs born during
dry season had lower (p<0.001) DGo.3, KRo.3, GEq.3 and GRy.3 than lambs born during main and
short rainy seasons. Lambs born in dry seasons had inferior growth performance. The amount
and quality of feed is not enough to cover the nutritional requirement of growing lambs born
during dry season. Developing appropriate feeding management option may help to reduce

impact of season on productive and reproductive performance of the sheep evaluated in the

current study.
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Figure 3. Phenotypic growth efficiency trend by year of birth
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Table 3. Least-squares means and SE of growth efficiency and relative growth rate in dorpers.

Parameters GEo-3 GEs.6 GEg.12 GRo-3 GR3 GR6-12
Birth year — — — — — —
Sex ns ns ns ns ns ns
Male 403.30+26.34 27.63+5.70 48.38+6.86 1.74+0.06 0.26+0.05 0.21+0.03
Female 411.60+425.89 25.15+5.56 44.43+6.61 1.78+0.06 0.24+0.05 0.19+0.03
BLS ns ns * ns ns *
Single 356.34+12.25 29.24+2.86 43.41+3.48 1.64+0.03 0.27+0.02 0.19+0.01
Twin 386.82+17.72 34.49+4.16 54.41+5.24 1.71+0.04 0.31+0.03 0.24+0.02
Parity ns ns ** ns ns **

1 400.09+26.78 28.63+5.75 54.55+6.91° 1.74+0.07 0.26+0.05 0.23+0.03°
2 424.21+27.87 23.84+6.11 53.90+7.32° 1.80+0.07 0.23+0.05 0.23+0.03°
3 415.55+27.88 26.18+6.07 44.98+7.29" 1.78+0.07 0.24+0.05 0.19+0.03*
4 412.11+26.28 24.05+5.66 39.80+6.80° 1.78+0.07 0.23+0.05 0.17+0.03°
5 408.15+29.30 23.83+6.40 38.76+7.99® 1.77+0.07 0.23+0.05 0.18+0.03*
>6 384.58+31.53 31.83+7.10 45.42+9.09®° 1.70+0.08 0.30+0.06 0.20+0.04%
Birth season folakel ns ns ikl ns ns
Main rainy 400.35+28.53° 23.25+6.17 50.05+7.55 1.76+0.07*° 0.22+0.05 0.22+0.03
Dry 356.98+27.02° 26.18+5.74 49.16+6.95 1.64+0.07° 0.25+0.05 0.21+0.03
Short rainy 465.02+29.69% 29.75+6.82 40.00+8.35 1.89+0.07° 0.28+0.06 0.18+0.04

2P On the same column, numbers bearing the same superscript are not statistically different at p
=0.05. ns: not significant. ***P<0.001; ** P<0.01 and * P<0.05; BLS: birth litter size. For trait
abbreviations see footnote of Table 1
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Figure 4. Phenotypic relative growth rate trend by year of birth

Genetic parameters estimates

The estimates of (co)variance components and corresponding genetic parameters obtained from
univariate analyses based on most appropriate models are presented in Table 4. The most
appropriate model for the studied traits was model included only direct additive genetic effects
(Model 1) except for pre-weaning efficiency of growth and relative growth rate. Fitting
permanent and maternal genetic effects in the model had no significant effects in log-likelihood
values compared to Model 1, which indicates trivial effect of permanent and maternal genetic
effect on those traits. The most suitable model for pre-weaning efficiency of growth and relative
growth rates was a model included maternal genetic effects (Model 4). Estimates of direct
heritability and additive coefficient of variance for DGg.3, KRo.3, GEo.3, GRy.3 were 0.10+0.06,
0.16+0.07, 0.26+0.13, 0.26+0.13 and 8.9%, 5.25%, 17.51%, 8.95%, respectively. The estimates
of maternal heritability (h%y) for GEo.3 and GRg.5 were 0.21+0.10 and 0.17+0.09, respectively.
Direct heritability estimates for traits measured during pre-weaning growth period were higher
than traits measured during post-weaning growth period except for daily gain. This might reflect
the effect of management practice during post-weaning growth period on the animal
performance. Direct heritability estimates, maternal heritability and CVa for the pre-weaning
growth period recorded in the current study were higher than values reported by Ghafouri-Kesbi
& Gholizadeh, (2017) in Baluchi sheep and K. Mohammadi et al., (2015) in Lori sheep.
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Based on the most suitable model (Model 1) for DG34, KR36, GEs¢ and GR3., the estimates of
direct heritability and CVa were 0.02+0.05, 0.02+0.04, 0.00+0.04, 0.03+0.05 and 9.70%, 8.06%,
0.78%, 10.54%, respectively. Lower direct heritability estimates were recorded from weaning to
six months growth period compared to the other growth periods in all studied traits. Lower direct
heritability estimates of traits measured from weaning to six months of age might signify the
effects of management practice or variation in environmental and nutritional conditions of the
grazing pastures on the animal performance (Eskandarinasab et al., 2010; H. Mohammadi et al.,
2013). As the center’s routine practice, lambs were weaned in the beginning of December when
grazing pasture is not enough to support the nutritional requirement of the growing lambs. Under
this condition the lambs may not express their genetic potential for post-weaning performance. In
line with the present finding low estimates of direct heritability for the studied traits were
reported by Ghafouri-Kesbi & Gholizadeh, (2017) in Baluchi sheep and Eskandarinasab et al.,
(2010) in Iranian fat-tailed Afshari sheep. The low direct heritability estimates in the studied
traits indicate that genetic improvement on the traits is difficult. Direct heritability estimates and
CVa for DGe.12, KRg.12, GEg.12, GRg.12 Were 0.22+0.10, 0.14+0.09, 0.11+0.09, 0.12+0.09 and
27.13%, 19.95%, 21.02%, 16.64%, respectively. Ghafouri-Kesbi & Gholizadeh, (2017) reported

lower direct heritability estimates compared to our findings.
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Table 4. Estimate of variance components and heritability for efficiency related traits.

2

2

2

2

Traits M 6% m Gam P c°p h%a hm Fam h? CVa Log(L)
DGys 1 140.99 1225.44 1366.43 0.10+0.06 0.10+0.06 8.90 -2943.832
DGss 1 34.90 174358 1778.48 0.02+0.05 0.02+0.05 9.70 -2313.194
DGs12 1 180.22 631.03 811.25 0.22+0.10 0.22+0.10 27.13 -1675.037
KRo3 1 0.756 3.941 4.697 0.16+0.07 0.16+0.07 5.25 -936.220
KRz 1 0.196 11546 11.742 0.02+0.04 0.02+0.04 8.06 -971.078
KRgs.12 1 0.516 3.227 3.743 0.14+0.09 0.14+0.09 19.95 -531.132
GEps 4 3436.02 2740.55 -2734.62 9793.19 13235.10 0.26+0.13 0.21+0.10 -0.89+0.14 0.05 1751 -3733.30
GEs;s 1 0.07 568.91 568.98 0.00+0.04 0.00 0.78 -1996.546
GEs12 1 84.82 666.43 751.25 0.11+0.09 0.11+0.09 21.02 -1664.183
GRo3 4 0.02 0.014 -0.013 0.059 0.08 0.26+0.13 0.17+0.09 -0.80+0.19 0.09 8.95 507.25
GR3s 1 0.001 0.037 0.038 0.03+0.05 0.03+0.05 10.54 568.421
GRe12 1 0.001 0.010 0.011 0.12+0.09 0.12+0.09 16.64 703.057

o°p phenotypic variance; o°, additive variance; o°n, maternal variance; o% error variance; h’ direct heritability; h’m maternal
heritability; h’ total heritability; r.n genetic correlation between direct and maternal additive heritability; cam .covariance between

direct and maternal additive genetic effect; Log (L) log Likelihood. For trait abbreviations see footnote of Table 1
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Correlation estimates

Genetic and phenotypic correlations among the studied traits are presented in Table 5. The
genetic correlations from multivariate analyses between traits considered in this study ranged
from low to high in magnitude (-0.54 to 0.99). Traits measured during the pre-weaning growth
period had negative and weak genetic correlations with traits measured during the post-weaning
growth period and ranged from 0.20 (DGg.3-DGs.) t0 -0.31 (DGo.3-GEg.12). This implies that
lambs with higher growth rate and efficiency-related traits in pre-weaning period have less
efficient during the post-weaning period and vice versa. Moreover genetic and phenotypic
correlations between pre-weaning and other post-weaning growth periods is deceased as the age
advances overtime, which is in agreement with the finding of Eskandarinasab et al., (2010) for
Iranian fat-tailed Afshari sheep. The negative and weak genetic correlations between those traits
may indicate that different genetic mechanisms are involved in expressing those traits at different
growth periods (K. Mohammadi et al., 2011, 2015). Furthermore, this negative genetic
correlation could be a consequence of estimated negative values of post-weaning daily gain for
some animals (approximately 6.5% of the animals had negative daily gain from weaning to six
months of age). Eskandarinasab et al., (2010) stated that daily gain during a period of restricted
nutrient intake often negatively correlated both phenotypically and genetically with body weight
and daily gain during a period of sufficient nutrient intake. Similar to the genetic correlation,
phenotypic correlation between traits measured during pre-weaning growth period had negative
and weak correlation with traits measured during post-weaning growth period and ranged from -
0.43 (KRg3-GEg.12) to 0.16 (DGo3-DGsg). In line with the present finding negative genetic
correlation between traits measured during pre and post-weaning growth period were reported by
Ghafouri-Kesbi & Gholizadeh, (2017) for Baluchi sheep. Lambs with poor early growth rate in
pre-weaning period tended to have higher post-weaning growth than lambs in better pre-weaning
conditions (Afolayan et al., 2007). Genetic correlation between efficiency-related traits ranged
from -0.51 (KR3.6-GEgs-12) to 0.96 (KR3.6-GE36) which implies that not all efficiency traits can be
improved simultaneously following selection and that at each time, selection should focus on the

trait of higher importance.
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Table 5. Genetic (above diagonal) and Phenotypic (below diagonal) correlation

Traits
DG0-3 DG3-6 DG6-12 KR0-3 KR3-6 KR6-12 GEO0-3 GE3-6 GE6-12 GR0-3 GR3-6 GRG6-12

DGO0-3 0.20 0.03 0.94 0.01 -0.17 0.74 -0.10 -0.31 0.79 -0.09 -0.28
DG3-6 0.16 -0.34 0.14 0.95 -0.48 0.06 0.91 -0.56 0.07 0.92 -0.55
DG6-12 -0.12 -0.40 0.05 -0.31 0.95 0.02 -0.34 0.87 0.05 -0.32 0.90
KRO-3 0.94 0.16 -0.12 -0.01 -0.15 0.85 -0.12 -0.29 0.93 -0.11 -0.26
KR3-6 -0.04 0.95 -0.32 -0.02 -0.42 -0.01 0.96 -0.51 -0.03 0.99 -0.49
KR6-12 -0.30 -0.54 0.95 -0.30 -0.44 -0.11 -0.43 0.95 -0.11 -0.41 0.98
GEO-3 0.74 0.09 -0.09 0.84 -0.03 -0.21 -0.08 -0.22 0.97 -0.06 -0.19
GE3-6 -0.14 0.92 -0.35 -0.11 0.96 -0.45 -0.10 -0.49 -0.11 0.99 -0.48
GE6-12 -0.42 -0.61 0.85 -0.43 -0.52 0.94 -0.30 -0.49 -0.23 -0.48 0.99
GR0-3 0.80 0.12 -0.10 0.93 -0.02 -0.24 0.96 -0.09 -0.35 -0.09 -0.20
GR3-6 -0.14 0.92 -0.32 -0.11 0.99 -0.43 -0.09 0.99 -0.48 -0.09 -0.47
GR6-12 -0.40 -0.60 0.89 -0.40 -0.50 0.98 -0.28 -0.49 0.99 -0.32 -0.47
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CONCLUSION

Phenotypic performance for all studied traits except traits measured from six months to yearling
showed a declined trend over years due to change of management practice following the
incidence of disease outbreak in the farm. The genetic parameters estimated for Dorper sheep
show that efficiency related traits have low to medium heritability estimates and possibility
improving management helps a lot. The importance of efficiency-related traits will increase
significantly and will attract much more attention in sheep production in the central highland of
Ethiopia. Including efficiency-related traits in the selection index, make the breeding program
more efficient and feasible. Including DGo.3 in the selection index is recommended to improve

efficiency of the ongoing Dorper breeding program.
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